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How much money do
you actually save? . .
by replacing card punches and verifiers
with MDS DATA-RECORDERS

has the
answer!
for recording data DIRECT on to Magnetic Tape
7-Channel

9-Channel

200 BPI
556 BPI
800 BPI
800 BPI

. . . and to DISC or 1600 BPI Tape
Data capturing on punched cards is a bottleneck to the efficiency of the modern computer.
While cdmputers have become less expensive and morp, efficient, the cost of punched card
input has actually increased as operators' salaries have risen. Moreover, the practical benefits
from advanced computer technology have been severely limited because high-speed central
processoVs have had low-speed input. This led to systems imbalance and reduced the user's
return on his investment.
In the past five years, over 32,000 MDS units have been installed throughout the world to
overcome these problems. Find out how you can realise the full potential of your computer
system—and how much money you can save! Call your nearest NCR office, or write to NCR,
Box 2626, G.P.O., Sydney 2001.

NCR
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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
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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 a UNIVAC
real-time PROFITS system working for you.
Because of thb 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.
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^SPERW RAND

First in real-time information systems.
I

Proceedings
of the
Third Australian
Computer Conference
Canberra, 1966
Demy 4to, p.p. i-xlviii + 1-530, perfect binding.

Price $A7.50.

This volume consists of the text of the papers delivered at the third Australian
Computer Conference, held in Canberra 16th-20th May, 1966, plus discussion
by the delegates who attended.
The proceedings included 28 technical sessions and symposia plus five invited papers.
Topics discussed included — Numerial Methods, Management and Operations
Research, Data Transmission Acquisition, Mathematical Programming and Optimisation.
Among the local and overseas lecturers were: Professor J. M. Bennett, University of
Sydney, Dr. G. N. Lance, C.S.I.R.O. Canberra, Dr. N. V. Findler, University of

v

Kentucky, U.S.A., Dr. J. M. M. Pinkerton, English Electric, U.K.
Copies available from the publishers:
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AUSTRALIAN TRADk PUBLICATIONS PTY. LTD.
28 Chippen Street, Chippendale, N.S.W. 2008, Australii. Telephone: 699-1433.
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To Australian Trade Publications Pty. Ltd.,
28 Chippen Street, Chippendale, N.S.W. 2008.

I
I

Please send me....................... copies of the Proceedings of the Third Australian Computer Conference, at $A7.50
per copy (post free in Australia) and bill me later.

I

NAME....................................................................................................COMPANY...............................................................................

I

ADDRESS...........................................................................................................................................................
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Punched card input
has slowed down computers
long enough.
HilltlultUm

Honeywell’s new KEYTAPE
is more their speed!
Keypunching speeds are no match for modern computing speeds. So if you’re feed
ing information on to punched cards, you’re holding your computer back. You’re
causing an input traffic jam that’s probably as frustrating to you as it is to your
computer. Honeywell has a solution.
KEYTAPE. It’s a way of typing original material directly on to magnetic tape and
verifying it in the same machine. The magnetic tape is used for direct input to the
computer and all without punched cards.
And because KEYTAPE input can be read by a computer at tape-drive speeds rather
than card—reader speeds, you save time. And time (especially computer time) is
money. It also saves time which was normally needed for verification and insertion
of correction cards on a separate machine.
Modern computers have finally met their match.

Honeywell
SYDNEY MELBOURNE CANBERRA ADELAIDE NEWCASTLE BRISBANE
27-7451

26-3351

49-7966

51-6203

2-5790

51-5248

HOBART
22-006

PERTH
28-3722
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366 is PDP-10

PDP-10 has a cool 366 instruc
tions. All different. Three times
more than most computers of its
size. For easier programming.
More efficient code. Faster
running programs.
With 366 instructions,
you can apply:
Full computing power to run
both remote and local batch
processing tasks at
the same time.
Power to carry on several large
real-time jobs at once, without
cutting off anyone else.
Power to time-share 64 users.
In BASIC, FORTRAN, AID,
MACRO, DDT, TECO and
EDITOR. Any language. Any
mode. All simultaneously.
PDP-10 is the only computer
now available that does batch
processing, real-time and time
sharing simultaneously.
PDP-10. Pours the power on!

nun
COMPUTERS ■ MODULES

75 ALEXANDER STREET
CROWS NEST, NS.W. 2065
TELEPHONE: 439-2566

MAGNETIC COMPUTER PRODUCTS

Write or phone sole Australian distributor:
MAURICE CHAPMAN & CO. PTY. LTD.
276 Castlereagh St., Sydney 2000. 61 9881
146 Burwood Rd., Hawthorn, Victoria 3122. 81 0574

MC07/FP

4 Are you tied up with decollation?

Is your staff unhappy about carbon? ^

\ Do you waste time making copies?
Here's how NCR PAPER solves your computer stationery problems...
Absence of carbon makes decollation
simpler. Using NCR Paper, up to a fourpart set can remain uncrimped, and
be decollated straight from the output
printer. No runability problems.
NCR Paper is clean. Will give you clear,
sharp, smudgeless copies. The image
will not rub off on hands or clothing.
Easy to use, popular with staff.

NCR Paper gives up to eight good,
clear copies depending upon the appli
cation, thus saving computer time on
multiple copy work.
NCR Paper pays for itself over and over
again ... in time, in saving, in efficiency,
in cleanliness.
Personal experience with NCR Paper
is most convincing. Contact us now for
a sample run.

NCR PAPER takes the carbon out of copying
M
The Wiggins Teape Australia Group
NCR PAPER MARKETING DIVISION

PHONE: Sydney 51 0331 • Melbourne 329 6277 • Adelaide 51 4531 • Brisbane 4 4471 • Perth 21 9418
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If she can
punch your adding
machine she can
punch tape.
(and punch up your computer input)
The keyboard of the Olympia
add-punch looks like an
adding machine. And it’s as
easy to work, but underneath
that simple exterior lies one of
||1
the most sophisticated
machines of our time.
To begin with, it’s virtually noiseless. It’s 100%
accurate. Your operator cannot make a code
mistake. So the verification run is eliminated.
With this amazing machine, you get high
speed, low-cost data capture. (Tape is easy
to store and despatch.) And you get
complete security.
You don't need a computer to figure out
it
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how much you’ll save with an Olympia
add/punch. It’s probably on the cards you already
have a fair idea.
We can help you turn that idea into profit.
All you need to do now is call us.

O

Olympia International
• Office machines • Office systems

Olympia Werke AG • Wilhelmshaven
OLYMPIA (Aust.) Pty. Ltd.
Sydney: 29.8031 Melbourne: 63.3407
Brisbane: 21.2133 Adelaide: 23.6833
Perth: 23.2591
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There are billions of reasons why
your computer counts onus.
Here are just four of them.

*

RGX Memory: 350 nsec
access; 900 nsec full cycle;
4K x 48 or 8K x 24 bit capacity;
5.25"H x 19"W x 22.5"D.

RG Memory:
350 nsec access;
900 nsec full cycle;
16K x 40 bit capacity;
5.25"H x 19"W x 21 "D.

AMPEX TMZ: 10-24 ips; 150 ips rewind; 19kHz transfer rate;
18 msec start/stop; all electronics included.

’ RF-4 Memory:
400 nsec access;

r

1 nsec full cycle; j
, 4K x 20 bit capacity:
5.25"H x 19"W x 21 "D.

We’ve delivere|l about &00 billion bits in cores, character
buffers, central memories and extended core memories,
along with thousands of computer tape drives.
The four systems shown above are prime examples of
Ampex leadership in computer products. Like all Ampex
equipment, they are manufactured with a consistently
high level of quality control from raw materials through
fir|al systems checkout. All worst-case design characte|istics are arrived at through computed-aided analysis.
And Ampex packaging represents the optimum com
bination of bit density and maintainability. Like our 5million bit memory that fits in 27 inches of rack space.
VIU

Since 1954 Ampex has delivered thousands of memories,
incorporating a complete range of cycle times and capacities, to an ever-growing list of customers.
For full details about our wide range of memories, stacks,
arrays, cores and computer tape drives, contact: AMPEX
AUSTRALIA PTY. LTD., NRMA House, 26 Ridge Str.,
North Sydney, N.S.W. 2060.

Your computer counts on us.

AMPEX
The Australian Computer Journal, Vol. 2, No. 1, February, 1970

7’’'

'

Release
RICOH DATA PROCESSING SYSTEMS

Ricoh
Two models
available: The Ricoh 5000 and
the Ricoh Typer Standard. Both
utilise IBM Selectric typewriters
as printers and both are
equipped with readers, punches
and use BCD 8 as their standard
code.
Basically, these
machines have three
applications:

Data preparation.
Sheer speed of operation sets the Ricoh machines apart from the others. The
5000 is capable of reading up to 4,800 characters per minute, checking 930 a minute
and punching 1,500 a minute.
An exclusive, patented full check system ensures error-free punching. And normal
parity checks are standard.
Although both machines use BCD 8 as their channel standard code, they have
complete compatibility with all other computer codes, including ISO and TELEX.

Automatic typewriter.
Both 5000 and Typer Standard offer a host of applications requiring repetitive letter
writing.

Numeric control equipment.
Enables the preparation of programmes for Numeric Control Equipment.
Optional attachments include: Three different types of verifier systems; additional
photo cell reader and paper tape punch; data selector; auto start reading and tape winders.
Both machines are available for sale or lease.
For full details, contact the sole Australian distributors,

Sydney Pincombe Pty. Ltd.
Sydney 26 1251 • Melbourne 30 4377 • Adelaide 51 5733 • Perth 25 6099
Hobart 34 4044 • Brisbane 21 2133 • Canberra 47 8849
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. j\ airty tape can
drive a computer crazy.
An identity crisis your computer
doesn’t need. But a dirty tape can
cause one.
RCA Computer Tape is good,
dean therapy.
Our special formulation starts
cleaner. Every inch of every reel is

tested and certified in the cleanest
of white-room conditions. (We don’t
think statistical testing is good
enough.)
And it stays cleaner, longer.
So your data is less likely to drop
out. You’re less likely to lose crucial

computing time. And more likely to
save money.
Help give your computer a happy,
productive life. Contact RCA Limited,
11 Khartoum Rd., North Ryde 2113.
Phone 88.5444
The first step is clean tape. Ours.
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RCA Limited,
11 Khartoum Rd.,
North Ryde 2113
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Editorial

The appearance of this Editorial need give no cause
for alarm! Readers will not be subjected to this feature
in every issue but I feel that publication of the first
issue of the second volume of the Australian Computer
Journal provides a suitable excuse for writing. It was
just over two years ago, in November 1967, when Mr.
T. Pearcey wrote the first Editorial. Since then things
(and Editors) have changed.

Reviews and similar publications. It has been decided,
therefore, that we should review all relevant books pub
lished in Australia or by Australian authors and, for
the remainder, be quite selective, confining our atten
tion to major works. However, starting with this issue,
we will have a short section “books received for review”
and give title, author and other details which will en
able the reader to locate the work.

The most important change is that the Journal is now
appearing four times each year—in February, May,
August and November. Consequently, the delay in
publishing papers should be greatly reduced and, of
course, we can publish more material, but our stand
ards must not be allowed to fall. May I repeat just one
sentence from the first Editorial? “Those working in the
commercial, industrial and administrative fields of auto
matic data processing are particularly encouraged to
submit articles.” This is still true today! The 1968
A.C.S. Membership Survey, published last May, shows
that the majority of members fall into one or other of
these groups. Why don’t papers written by these mem
bers dominate? (No, the Editor does not discriminate
against them.)
For the convenience of members “Notes on Submis
sion of Papers” is reprinted on Page 46 of this issue.
These Notes are substantially the same as before but it
is important to note that the official abbreviation for
reference to this Journal is Austral. Comput. J.

Branch Notes have been few and far between. Here
the responsibility falls fairly and squarely on Branch
Honorary Secretaries. I have informed them, well in
advance, of the Editorial deadlines and these are quite
inflexible. A recent survey shows that most Branches
feel that Branch Notes are worth publishing and it is
hoped that we will have a “full-house” for all future
issues.

The other major innovation is the award of, The
ANCCAC Prize, as announced in Council Notes) last
November. It consists of a medal and cash award of
$250 for. the best paper published in any volume. The
Prize Committe is no# considering the first award and
the result should be available in* time for publication
in the next issue.
Some thought has been given to the question of
Book Reviews. Clearly, we cannot publish reviews of
all books published on subjects in our field of interest;
we try to be original and leave this task to Computing

Letters to the Editor are always welcome, particular
ly those containing remarks relating to previouslypublished papers. Why not use “Letters” as a quick
means of publishing a new result?
I cannot end this Editorial without mentioning
names. I am most grateful to my predecessors, Mr. T.
Pearcey, who laid the foundation stones for this Journal,
and Mr. J. Boothroyd, who ably carried on in Mr.
Pearcey’s stead when he first relinquished the position
to go overseas. The Associate Editors, Professor J. M.
Bennett and" Mr. E. ft Gibbs ha|e survived all three
Editors and our thanks' are duetto them. Mr. A. A.
\ Taylor has, since 1968, been a nitost energetic Business
Manager; the fact that our circulation is continually
increasing is due, in no small measure, to Mr. Taylor’s
efforts. Ejjfally to all our anonymous Referees I ex
press my sincere appreciation; this is a thankless task,
with little credit, and continual badgering from the
Editor to work faster, but it is undoubtedly true that the
standard of the Journal depends on them. Papers have
been rejected, following the referee’s recommendation,
and those which are accepted are, in most cases, im
proved as a result of the referee’s comments.
G. N. LANCE
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Discriminant Analysis
By Computer
By G. M. Tallis*, D. E. Shaw*, J. Williams* and G. Sarfaty#
I INTRODUCTION
In a recent paper, Tallis (1969) [4], Fisher’s
discriminant function was re-examined from two points of
view. Firstly, extensions were made to allow the random
n-vector X characterizing individuals to be a stochastic
process, X(t). Specifically, X(t) was assumed to be
distributed multinormally with mean vector jU;(t) and
co-variance matrix V [i.e. X(t) 'v N(y;(t), V)], if X(t)
belongs to population TIj, i = 1,2. A polynomial form for
£tj(t) was achieved by setting p;(t) = BjF, where B; is a
matrix of coefficients and F = [l,t, ... , tk_1]. This
approach allows, for instance, discriminant analysis to be
applied where the members of the two populations are of
different ages, the mean thus being a function of the
individual’s age. In this case, of course, each age has its own
special discriminant function. The standard analysis is
retrieved by setting k = 1.
The second extension was to consider the effect of
sampling errors on the estimated discriminant function and
on associated errors of misclassification. The large sample
covariance matrix. L(t), for the estimated coefficients of
the discriminant, l(t), was obtained and it was shown that,
in the case of Fisher’s famous Iris example, it appeared to
be important to consider the sampling variance of |(t),when
calculating the probabilities of misclassification.
The full analysis of k > 1 is computationally strenuous.
Therefore, a FORTRAN programme, DISCRIM, has been
written to provide an output of all useful steps in the
modified discriminant analysis. This paper discusses
DISCRIM and indicates further extensions to the-work in
[4],II III

l(t) = V-1 [q2(t) - Mi(t)]
and
A(t) = H[)i2(t) + MiCO] 'V-l[/)2(t) - Mi(t)].
Now
Var

{ D(t) } =

02(t) =

l'(t)V-]L l(t)

and we introduce
D'(t) = [D(t) - A(t)]/a(t)
which will be called the standardised discriminant. The
graphs of
Pl(D',t) = [1 + exp

{ ln(p2IPi) + 0(t)D'(t) } ]-1

against D' (f) for various values of t give a comparison of
the performance of the discriminant function for different
values of the time parameter.
The above analysis is for the case where the parameters
of f;(x,t), i = 1,2, are assumed to be known. When estimates
are used the procedure of [4] is appropriate. In this case it
can reasonably be assumed that the estimate of D(t), D(t),
obtained from [4] equation (3) is approximately normally
distributed in TI; with mean and variance estimable from
formulae in [4]. As for D(t),
D'(t) = 0D(t) - A(t)]/a(t)

II INDIVIDUAL PROBABILITIES
A brief sketch of results additional to those discussed
in [4] will now be presented. Full details are omitted.
Let X(t) 'v N(jUj(t),V) if X(t) belongs to 11;, i = 1,2, and
suppose the proportion of 11; in the whole population is p;
(Pi + P2 = !)• Then if f;(x,t) is the frequency function
corresponding to N(u;(t),V), the frequency function for the
total population is given by the mixture

is a more or less standardised version of D(t). The
expressions A(t) and a(t) indicate estimates of A(t) and a(t)
based on a sample.
A
In IL, the frequency function for D'(t), h;(D',t) say,
can be obtained from that of D(t). Then, the conditional
probability analogous to P1(D|,t) is

f(x,t) = Pj fj (x,t) + P2f2(x,t).

The graph of Q1(D,,t) against £>' can be compared for
various values of t. Moreover, it can also be compared with
graphs of the estimates of P^D'd), PjfD'd), obtained by
replacing the population parameters by their sample
estimates. The graphs of P^D'd) can be regarded as
indicative of the limiting efficiency which can be achieved
by increasing the sample size. To a sufficient degree of
approximation, Pj(D',t),is uniformly greater than (^(D'd)
for £>' > 0 and uniformly less than D'< 0. This reflects the

The conditional probability that an individual belongs to
III given X(t) = x is pjf^x.ti/fCxt). If the algebra is carried
out this becomes
[1 + exp { ln(p2/pi) + D(t) - A(t) } ]_1 =Pi(D,t) say.
where
D(t) = X'(t)

l(t),

QjCD'.t) = PjhjCd'd) / [pjh^D'd) + p2h2(D',t) ].

* Division of Mathematical Statistics, C.S.I.R.O., 60 King St., Newtown, N.S.W., 2042. # Endocrine Research Unit, Cancer Institute, 278
William St., Melbourne, Vic., 3000.
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Discriminant Analysis By Computer

increase in uncertainty, in terms of the probability of
misclassification given £>', as a result of sampling variability
in the parameter estimates.
These points are all illustrated in the example.
III PROGRAMS
A. Discrim
A program, DISCRIM, has been written in FORTRAN
IV for the CDC 3200, to perform the operations outlined
in [4] and above. In writing this program, an attempt was
made to satisfy several requirements dictated by its possible
use.
(i) DISCRIM has been written in such a way that the
major part of it should be transferable, without
significant programming effort, to another small or
medium-sized computer. Any section which depends
on an optional computer facility such as an on-line
graph plotter may be deleted without affecting the
remainder of the program.
(ii) DISCRIM will handle, within the core-storage
limitations of a small or medium-sized computer,
problems involving large amounts of data. The
number of attributes recorded for each individual,
and the order of the poly nomial to be fitted, are
limited by the available storage. Values of 20 for each
of these numbers would not overtax the storage on
the CDC 3200. The number of individuals that can be
processed in one run is unlimited.
(iii) By using a free-format input routine*, which counts
the number of attributes for each individual and the
number of individuals in each group, the data
preparation requirements for DISCRIM have been
made very simple. Each individual is represented by
one data card, and the cards to be processed must be
arranged in two groups corresponding to ITIj and n2.
In addition, two parameter cards are necessary,
specifying the order of polynomial to be fitted, the
output options chosen and the ages at which the
process is to be studied.
Results may be updated by adding the cards for
incoming individuals to the existing data pack and
re-running DISCRIM.
i
(iv) The output from DISCRIM is in two parts»#as
discussed below.
(a) The line-printer outputf■
Firstly, the dataJfor all theyndividuals may be
listed; this option is controlled by the first
parameter card. Then DISCRIM prints the number
of attributes, the number in each group, and the
order of the polynomial fitted. This is follow ekTby
A

Bi
®2
j)S
f R1 )
r
R2 >

as defined in [4],

the residual sums of squares and products matrix
for each group.
The free-format input routine was developed by D. Culpin
for the Computer Library of the Division of Mathematical
Statistics.
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Then for each age, t, specified by the second parameter
card, DISCRIM prints
M i(t)

the estimated means, in each group, of X(t),

M2(t)

1(0,

the vector of estimated coefficients for the dis
criminant,
the large sample variance-covariance matrix of !(t)

m

Ej [D(t)], Varj [D(t)] |
A
a
{
E2[D(t)], Var2[D(t)] )

where Ej and Var; refer to the
expectation and variance in
group i,

A

A(t)

as defined in Section II above,

!*(t)

=

l(t)/&(t),

A*(t)

=

A(t)/a(t).

(b)The graphical output.
The output to the on-line graph plotter may be
suppressed by adjusting the first parameter card. If
called for it may take one of two forms. The first
form shows the graphs of Q, (£>',t) for all specified
t. For the second form, each t occupies a separate
graph, and curves for Qj(D' ,t) and 1^(6',t) are
shown.
B Disprob
A second orogram, DISPROB, has been written to
calculate EjyDst) and PyD1 ,t) for individuals. The data for
DISPROB consists of certain of the results from DISCRIM,
and data for the individuals for which the probabilities are
required. Again, free-format input makes the preparation of
data for DISPROB very simple.
IV EXAMPLE ”
*
1 A'-"
%
In order to illustrate the/ output qf DISCRIM, medical
data kindly made available by Dr. R.D. Bulbrook of the
Imperial Cancer Research Fund, London was used. These
data relate tumour growth response and non-response to
adrenalectomy of patients with advanced breast cancer to
their urinary excretion of two steroid hormone metabolites,
17-hydroxy corticosteroids (Xj) and aetiocholanolone (X2).
The' use of discriminant analysis in this context was
described by Bulbrook, Greenwood and Hayward (1960)
[2].
The statistical problem was to construct a two-variable
discriminant function, based on Xj and X2, to separate
responders and non-responders. Previous workers have
noted marked linear regression of the variables with age and
hence the analysis in [4], with fk = 2, seemed to be
appropriate. In Bulbrook’s randdrn sample of women
undergoing the operation 47 responded and 117 failed to
respond.
The analysis was run for k = 1 and for k = 2. In the latter
case values t = 25(5)65 were used. Table 1 shows the results
for k = 1, and Table 2 the results for k = 2, t = 25. Tables 1
and 2 are identical with the lay-out of results from
The Australian Computer Journal, Vol. 2, No. 1, February, 1970

TABLE 1
NO. OF ATTRIBUTES

=

2

NO. IN 1ST GROUP

=

47

NO. IN 2ND GROUP

=

117

DEGREE OF POLYNOMIAL =

0

MU1
9.29149

971.0

MU2
9.52393

650.359

EST. OF B1
9.29149
971.0

COEFFICIENTS
-9.04705 x 10"2

1.70014 x 10" 3

EST. OF B2
9.52393
650.359

MATRIX L(T)
2.60045 x 10-3
-8.50192 x 10-6

-8.50192 x 10-6
1.89033 x IQ-7

POOLED EST. OF V
1.50304 x 101
6.63102 x 102

GROUP 1 MEAN = 0.810234
GROUP 2 MEAN = 0.244069
A(T) = 0.527151

6.63102 x 102
2.23882 x 105

VARIANCE = 0.885617
VARIANCE = 0.846805

COEFFICIENTS FOR STANDARDISED DISCRIMINANT
-0.120236
0.002260

RESIDUAL SSP MATRIX FOR GROUP 1
5.71177 x 102
4.72768 x 104
4.72768 x 104
1.33044 x 107

A FOR STANDARDISED DISCRIMINANT = 0.700590

RESIDUAL SSP MATRIX FOR GROUP 2
1.86375 x 103
6.01457 x 104
6.01457 x 104
2.29646 x 107
TABLE 2
RESIDUAL SSP MATRIX FOR GROUP 2
1.71129 x 103
5.64749 x 104
5.64749 x 104
2.28762 x 107

NO. OF ATTRIBUTES
=
2
NO. IN 1ST GROUP
=
47
NO. IN 2ND GROUP
= 117
DEGREE OF POLYNOMIAL = 1

,

EST. OF B1
8.75616
1667.58
EST. OF B2
15.8199
801.948
POOLED EST. OF V
1.42622 x 101
6.52720 X. 102

0.0109968
-14.3092

-0.126070
-3.03542

6.52720
2.20569

x
x

102
105

RESIDUAL SSP MATRIX FOR GROUP 1
5.70651 xlO2'
4.79604 x 104
4.79604 xlO4
1.24149 x 107

AGE 25
MU1
9.03108

1309.85

MU2
12.6681

726.063

COEFFICIENTS
-0.435067

0.00393422

MATRIX L(T)
2.12955 x 10-2
-7.02157 x lO"5

-7.02157 x 10-5
1.39722 x 10~6

GROUP 1
GROUP2

MEAN = 1.224122 VARIANCE = 6.872249
MEAN = -2.654999 VARIANCE = 7.261795

A(T) = -0.715438
COEFFICIENTS FOR STANDARDISED DISCRIMINANT
-0.220987
0.001998
j
A FOR STANDARDISED DISCRIMINANT = -0.363250
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DISCRIM; for k > 2, the section of output headed “AGE
25” would be repeated for each age, t, specified.
Since
.
_
D'(t)=[D(t)-A(t)]/a(t),

(25) =

A*(25) = -°-715438
1.969548

where
D(t) = x'|(t),

0.001998
= -0.363250

and hence

revised values of Ij (t), l*(t). and of A(t), A*(t), allow D'(t)
to be calculated directly from any objservational vector £■
In the output from DISCRIM, the 1; (t) are given under
“COEFFICIENTS FOR STANDARDISED DISCRIMIN
ANT”, and

b'(25) =-0.220897 Xj +0.001998 X2 - 0.363250.
The residual sums of squares and products matrices are
included in the output in order that tests may be made of
the significance of including the highest order term in t in
the fitted polynomial. If we denote by Rj k the residual
sums of squares and products matrix for group i when a
(k—l)th order polynomial is fitted, then the likelihood
ratio ^criterion for testing the null hypothesis that the term
in tk 1 has no effect in group i is

A*(t) under “A FOR STANDARDISED DISCRIMINANT”.
E.g., when k = 2, t = 25,
o(25)

0.00393422
1.969548

= V Ex [D(25)] -E2[D(25)]

„

|Ri,k|ni/2

A —

---------------

|Ri,k-ilV2

= V 1.224122 + 2.654999

where nj is the number in the ith group, Anderson [1]. For
testing, one usually uses U = X2/"i, where
1.969548.

u /vUn,l,ni-k •

Therefore,
-0,435067
1.969548

it(25)

(U2,l,„rk)-1/2(1 - [U2,l,nrk]1/2)(ni-k-D
= -0.220897

= F2,2(n;-k-l)-

3

TABLE
t
Mi (t)

9.03108

&(t)

12.6681

L(t)

-0.435067

m

=

For n = 2

t

25
1309.85
726.063
0.00393422

=

45

1023.67

9.25101
1 10.1467

665.354

-0.158636

'

0.00209395

3.48r754 x 1,0--3

2.12955 xlO-2
, -7.02157 x 10-5 )J; 1.39722x 10-6

—1.19312 x 10--5

t

737.487

7.62535

604.646

k).11779d j|; ;

2.4274 x 10“7

-2.77339 x 10 -5 6.10478xlO-7

0.675970

1.302721

VJDO)]

6.872249

1,306953

1.284046

E2[D(t)]

-2.654999

-0.216418

1.051618

V2[D(t)]

7.261795

1.285518

1.006449

A(t)

-0.715438

0.229776

1.177169' •

i*(o

-0.220897

A*(t)

-0.363250

6

0.002217

0.243236 .

0.000253675

9.52175 x>10 -3

1.224122 '

-0.167928

65

9.47095

Ei [D(t)]

0.001998

=

0.235074

0.000506

2.349164
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Figure 3

For n > 2, an approximation must be made, Hill and Davis
[3], to obtain significance points for Uni
If one or
both of the groups indicate that me1 term under
consideration is significant, then it would seem reasonable
to retain it in both groups. For the data in our example

Therefore

|R1;1|

=5.36407 X 109

|R12| = 4.78438 X 109

|R21|

=3.91828 X 1010

|R2 2| = 3.59584 X 1010

A similar test for k = 3 was not significant and hence only
the linear component appears to be important.
j
In Table 3 are presented, for purposes of comparison
between ages, the results for k = 2 when t = 25, 45 and 65.
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for group 1,

U = 0.892,

Pr { U2)145 > U } = 0.081

for group 2,

U = 0.918,

Pr { U2 : 1]5 > U } = 0.007.
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Note that the confidence intervals, shown below, for the
lj(t) are much shorter at t = 45 than at t = 25 or t = 65.
t = 25

95% confidence limits for lj (25) are —0.721, —0.149
for 12(25) are 0.00162,0.00625
t = 45

95% confidence limits for lj(45) are -0.274, —0.0429
for 12(45) are 0.00113, 0.00306
t = 65

95% confidence limits for lj(65) are —0.309, 0.0735
for 12(65) are -0.00128,0.00179
(We have used confidence limits of the form
±
1.96%/var lj as a large-sample approximation).The difference
in precision noted above in estimation of the lj(t) is to be
expected in that the mean age of the patients providing the
data is 49.58 and relatively few of the patients have ages
close to 25 or 65.
Figures 1—4 illustrate the graphical optput from
DISCRIM. Figure 1 shows the ^curves of Q^D'.t) against
the standardised discriminant D'(t), for t = 25(5)55, 65.
The curve for t = 60 is omitted because it is practically the

same as the curve for t = 65. These curves illustrate that
discrimination becomes less reliable as age increases.
^ Fjpres 2, 3 and 4 show the curves of Qj (£)',t) and
Pl(D,t) for t = 25, 45 and 65 respectively. As mentioned
earlier, the probability Q^fi'.t) is less than £i(b',t) for
D'(t) > 0 (approximately) and greater for D(t) < 0
(approximately), indicating an increase in uncertainty as a
result of sampling variability. Also, it might be noted that
the probability curve for t = 45 lies closer to its limiting
curve than is the case for t = 25 or t = 65. This again
reflects a scarcity of data in the region of t = 25 and of t =
65.
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Numerical Classification
Of Sequences
By M. B. Dale,1 P. MacNaughton-Smith,2 W. T. Williams3 and G. N. Lance4
The problem of classifying sequential data is reviewed, and a new information-statistic
method is described, applicable when the sequences can be treated as homogeneous Markov
processes. The elements actually classified are single-step transition matrices; two numerical
models are available, one of which fails jf the matrices contain all-zero rows. The system
can be extended for use in dissimilarity or canonical procedures. A brief specification is
provided of the program TRANSMAT for the Control Data 3600 computer.

1. Introduction
Any computer installation that habitually accepts
work in numerical classification will eventually
encounter the problem of classifying sequential data;
that is, data in which the entry for a particular
attribute relating to any one individual is not a single
observation but a set of observations sequentially
ordered in time or space. There may be several sets
of such sequences, not necessarily all of the same
length; and the sequences may be accompanied in a
data-matrix by single-valued observations of any type.
In our experience the majority of problems involve
temporal ordering; examples recently submitted to us
have involved monthly live-weights of cattle in paddocks under different treatments; presence or absence
of plant species in quadrats set out in cleared rain-forest
and observed at intervals over some years; chemical
constituents of silage analysed at irregularly-spaced
intervals under a variety of conditions; and annual
rainfall at a number of stations over a 67-year period.
Spatial examples are less common, but have included
amino-acid sequences in proteins, analysis of leafshapes, and language classification based on pairwise
letter frequencies.
The “linked” procedure of Lance and Williams
ordered sequences arising in soil survey, where the
sequences represent observations of a particular
quantity at successive depths down the soil profile. Dr.
D. W. Goodall has suggested to us that such a system
can be classified if the sequential observations are inde
pendent; if there are n elements on which y properties
have been recorded on t occasions or levels, the system
is regarded as of n elements defined by si attributes.
The “linked” procedure of Lance and Williams
(1967a) is formally equivalent to this if the data are
complete, and is best regarded as the missing-data
analogue of the Goodall procedure. The method implies
that the levels or occasions are in some form of one-toone correspondence; since this is not necessarily true
of soil profiles, Rayner (1966) has suggested a method
in which the similarity between two elements is
expressed as the mean similarity of most-like levels.

If all the observations are continuous variables, an
attractive alternative solution is to fit some mathe
matical expression — usually a polynomial — to the
sequences, and to use the parameters of the expression
as classificatory attributes. This method has been used
by Merriam and Sneath (1966) for the comparison of
contour maps; and, although we know of no currently
published example, it has certainly been suggested (A.
M. Moore, personal communication) for use with soil
profiles.
In fact, we need to distinguish between different
types of sequence. The system may, for example, be
manifestly cyclic; for such a system some form of
Fourier analysis is usually appropriate, and adequate
computational facilities already exist. When it is noncyclic the difficulty immediately arises of ascribing a
precise meaning to the term “independent”, already
introduced in the previous paragraphs. It cannot in the
present context mean “statistically independent”, i.e.
uncorrelated; the techniques of numerical classification
involve finding subsets within which attributes are
uncorrelated, and if all attributes are ab initio uncor, related the classification will have no purpose. The
intended meaning is rather that there is no known
necessary reason why the value of the attribute at any
point in the sequence should be affected by the value
or values immediately preceding it in the sequence;
1.e., that so far as the user knows the items of the
sequence could be taken in any order without loss, or
spurious gain, of information. There will obviously be
cases where such a hypothesis is manifestly implausible,
as with cattle live-weights. This js the commonest type
of case in our experience, and1 we are not aware of
any classificatory solution in the literature; in this
communication we therefore outline such a solution,
and shall use the Shannon-Weiner information statistics
which are increasingly widely used in numerical
classification.
2. Transition matrices
A possible model for the case in which successive
observations are not independent is that the observa-

1 Division of Plant Industry, CSIRO, Canberra.
2Centre of Criminology, University of Toronto, Canada.
Tropical Pastures, CSIRO, Brisbane. ’<Division of .Computing Research, CSIRO, Canberra.
Research, CSIRO, Canberra. Manuscript received November, 1969.
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tions are varying around a deterministic trend, such as
a growth-curve or seasonal change. It might then be
appropriate to fit, e.g., a polynomial, but this will
obviously be unprofitable if the sequence is short. A
more flexible model is obtained by assuming that
the sequence possesses the characteristic Markov
property that the future probability behaviour of
the process under study is uniquely determined once
the state of the system at the present stage is
given (see, e.g., Bailey, 1964). It is then the
transitions between states, rather than the states them
selves, which carry the important information, and the
first necessity is to set up a matrix of the observed
transitions. Consider a sequence for a single property,
whose value at any point in the sequence is specified
by one of a number of symbols representing the states
of the system. As an example, using the first three
letters of the alphabet, a sequence might read:
B:A:A:A:C:B:A:C:C:A:B:B:C:C:C:B:B:A
Such a sequence may be represented, with some loss
of information, by a matrix of transition frequencies,
such that the i, /th element of the matrix denotes the
frequency with which the jth state succeeds the /th
state. We adopt the convention that the state which
defines the column succeeds the state which defines
the row, commonly referred to as “from rows to
columns”; for the above example the matrix will then
be:
Posterior state
C row total
A
B
2
5
Prior
A
2
1
1
6
state
B
3
2
3
6
C
1
2
Column
6
17
total
6
5

,
)
I
1
,
,

(Note that the row- and column-total vectors will be
identical if the sequence begins and ends in the same
state.) The use of such a matrix, restricted to Singlestep transitions, implies that the system under study
is a homogeneous Markov process of the first order;
the assumption of homogeneity is in practice inescap- .
able, but there is no theoretical difficulty in the study
of higher-order transitions. In such a case "if is
immaterial whether the transition matrix is regarded as
multi-dimensional, or yyhetHer it is treated as twodimensional with rows or columns or both defined by
doublet or triplet states. However, if there are m
single states, there will be, in the zz-step matrix, m"+1
entries; so that (except perhaps for the not uncommon
case when m = 2) computational considerations are
likely to limit the system in practice to single-step
transitions.
It is relevant to note that if the Markov property
holds exactly, the only information lost is that relating
to the time-origin or initial phase; for example, the
vectors (A:B:C:B:A) and (C:B:A:B:C) yield identical
transition-matrices. If the initial phase is of interest—
and in classificatory work it may well be — this loss
can be avoided by including an additional “start” row,
so that the complete matrix has dimensions (rn + 1)
X m.
10

In practical problems there may be no a priori
definition of states, the sequence being composed of
symbols from an infinite set such as real numbers.
In such cases — when, for example, the symbols
represent counts, weights, percentages or the like—
it is first necessary to define a set of states based on
these values. For this purpose we use the standard
techniques of numerical taxonomy. We assume a set
of n elements (which may be animals, separate experi
ments, quadrats, or any other observational units)
specified by measurements of s quantities, these mea
surements having been recorded for the /th of the n
elements on U successive occasions. It is not necessary
that U shall be the same for all n elements, nor that
observations always be made simultaneously on all
elements, though for convenience in experimentation
both these restrictions will commonly apply. We now
regard this as a set of St] (which, if all U are the same
and = t, will simply be nt) elements defined by s
attributes, which are to be classified into a small num
ber of groups, which will then represent states. For
example, let us designate one of these groups as A.
It will be defined by the enumeration of those of the
Sti elements which it happens to contain; and each of
these elements will represent one of the original n
elements at a particular time. That element is then
said to be in state A at that time, so that each of the
original elements is now associated with a single
sequence of states.
It is important that the classification should have
high information-content, which is equivalent to requir
ing that the group-sizes shall not be unduly disparate;
it is therefore necessary to use a powerful clustering
system, of the general type designated by Lance and
Williams (1967b) as “space-dilating”; and since the
number of states to be defined must be determined
heuristically, a hierarchical system is to be* preferred.
In some cases %U may be very large, which will further
restrict the choice of classificatory method; the effects
of using sub-optimal techniques, jorjof simplifying the
primary data by, e.g., dichotomization require investi
gation. In principle, however, any fcgt of sequential data
can be transformed in this manner into a set of sym
bolic sequences, and the transition matrices defined
accordingly.*
3. Classification of transition matrices
We suppose an m X m single-step transition matrix
whpse general entry, fu, represents the number of times
that the /th state follows the zth state; n is a row total,
and g is the grand total. In the absence of any specified
null hypothesis, the maximum-likelihood estimate of
the probability that, given the zth prior state, the /th

fa

state will follow will be ~ the information content
(H) for a single transition from the zth prior state will
(Shannon and Weaver, 1963) be given by
2 [Lin 1±
H
)=1 n
rt
so that the information content of all transitions from
the zth prior state will be given by nH. Adding over
The Australian Computer Journal, Vol. 2, No. 1, February, 1970
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all prior states and rearranging, we arrive at an
information content for the complete matrix (which
we shall call L) such that
h

=

m

m

i=J

j=l

2 (fill! >•; -

,

2 fijln fij)

(1)

An exact analogue of this measure is that used by
Macnaughton-Smith (1965) for multiple predictive
analysis, the prior states there being represented by
treatments and the posterior states by outcomes. Such
a statistic can be used as the basis for a conventional
classificatory procedure. Consider the transition mat
rices associated with two individual elements A and B,
and let their information contents by L, Is; let the
two matrices be added element by element to produce
a composite transition matrix with information content
Ic (where C denotes the “composite” individual A +
B). We may then define an information gain Al such
that

will at least not produce results which may be mis
leading. However, in such a case a stage in the hierarchy
will eventually be reached at which all further fusions
are prohibited, and the process terminates with the
classification uncompleted.
This difficulty can be immediately overcome if we
are prepared to incorporate in addition that informa
tion content associated with the partition of the grand
total into the row totals; if we call this Is we then have
m
Ig = g In g - 'Z riln ii

(3)

We therefore define an alternative information content
for the transition matrix, I2, such that I2 == Ix + Is;
from (1) and (3) we now have
m m

Is =glng - 2 S fain fu
j=ij=i

(4)

Information gains are computed for all pairs of ele
ments and, as usual in agglomerative classificatory
procedures, we fuse first that pair for which Al is
minimum. The process is completely general, and
applies equally whether the entities being fused are
individuals or groups. If all transitions were completely
disjoint, then in the random case 2Al would be sub
stantially distributed as x2 with m(m — 1) degrees of
freedom; but since we deliberately pick out min Al,
the resulting x2> even with null data, will be a con
servative, not a random, estimate, and could not validly
be used as a test of the significance of the fusion. Nor
are all the degrees of freedom independent; for, since
all the transitions arise from a single sequence, the
matrix column totals are almost completely determined
by the row totals, with an uncertainty of ±1 at most. ♦
When the totals are large this uncertainty is negligible,
so that there are (m — 1) additional linear constraints
on the fu values. The number of independent degrees
of freedom is therefore approximately (m — l)2.
Although in principle this procedure will allow us
to classify transition matrices, in practice it commonly
encounters a serious difficulty. Unless the system is
very homogeneous, some individuals are likely not to
pass through all states; the transition matrix for such
an individual will then have one or more all-zero
rows. In such a row the prior-posterior transition proba
bilities are not zero; they are simply undefined. In
consequence, the addition of a zero-row to a non-zero
row in another matrix produces no contribution to the
information gain, and in extreme cases this can result
in two matrices without a single common transition
apppearing identical. In any programme which employs
this model this difficulty can be overcome by prohibiting
any interelement fusion which involves a zero/nonzero row fusion. This is equivalent to stating that such
a situation yields infinite discrimination-information;
and although this is a highly abitrary proceeding, it

The terms involving the row totals vanish identically,
and expression (4) is that which would be obtained
by regarding the matrix as a single nominal (“multi
state”) attribute with m~ states. Matrices can now be
fused without restriction, and the information gains are
associated with (m2 — 1) degrees of freedom for
disjoint transitions; though, again, the constraints on the
original column totals reduce this to approximately
m(m — 1). The obvious computer strategy is thus to
make (4) the normal type of analysis, reserving expres
sion (1) as an option for use if there is some special
reason for not incorporating Is. The theoretical objec
tion to its incorporation is that I2 over-estimates the
information in the matrix, since it includes the informa
tion associated with the state-occupation frequencies
twice; these are already implied by the set of ratios
fu/ri. However, our experience to date suggests that
results obtained with lx or I2 differ only slightly up to
the point at which the L model fails. An alternative
escape from the L-failure problem is to relax the
restrictions on zero/non-zero row fusions, and to per
mit two matrices to fuse if they possess any non-zero/
non-zero pair of rows; if the (m + 1) X m matrices
of Section 2 — including the “start” rows — are used,
fusion will then always be possible. Preliminary trials
of this model have not been promising, but further
investigation is needed.
Although in the foregoing \ye have tacitly assumed
that, for a given individual, only a single sequence of
observations is at issue, this is not a necessary restric
tion; given an agglomerative information-statistic pro
gramme (such as the programme MULTBET outlined
in Lance and Williams, 1967c), information gains from
several sequences, and indeed from non-sequential
attributes, may all be accumulated for a single fusion.
However, the large number of degrees of freedom
contributed by a sequential attribute is likely to result
in the contributions from single-state attributes being
effectively overridden. This is simply an extreme
example of the difficulties encountered with multis|ate
attributes with many states. This problem requires
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further investigation and, in the current absence of any
satisfactory solution, we do not at present recommend
the inclusion of sequential facilities in standard classi
ficatory programs.
4. The prior hypothesis: dissimilarity and canonical
procedures
We now assume that there exists, for the set of
transition matrices under study, a null hypothesis in
the form of a matrix of conditional probabilities that,
given state Si, state Sj will follow; no ambiguity will
result if we here replace the normal notation of P(Sj|Si)
by pji. It can then be shown (Kullback, Kupperman
and Ku, 1962; Kullback, 1968) that the “maximum
discrimination information statistic” expressing the
divergence, or information change, between the
observed sample and the model (here notated as SI) is
given by
5I

=

2

(2 fijlnftj

j=l i=l

-

I'iln n

- 2

fijln Pyj

(5)

;'_i

(If for any transition the null hypothesis specifies that
pu = 0, we take fulnpu = 0, and lose a degree of
freedom from the system.) It will be observed that
the first two terms of this expression together constitute
—Ii (expression (1)) in the notation of this paper.
We can now examine more rigorously the nature of
the information gain, Al, calculated in expression (2).
It is easy to show, from expression (5), that the calcula
tion of Al is equivalent to setting up the null hypothesis
that the pu are equal to the observed relative fre
quencies fij/n in the pooled individuals or groups, A
and B, under examination; Al is simply the sum of
the 81 values expressing the divergence of A and B
from the null hypothesis based on their pooled estimate.
We should here record that two of us (W.T.W. and
M.B.D.), in a first attempt to use this type of method
to elucidate a problem in forest ecology (Williams
et al., 1969), mistakenly used 81 in place of I,; the pu
values used were based on the pooled entire popula
tion. It is, however, easily shown from expressions (2)
and (5) that if information-gains are then calculated on
fusion, the term in pu Vanishes identically. The metho|f
used in that paper is therefore not unsound, but includes
the redundant step of calculating the pu values.
Nevertheless, the calculation' of 81 can be made the
basis of potentially valuable extensions of the system.
There havejbeen, for example, many attempts to devise
an algorithm which will generate a satisfactory divisive
polythetic classification, and among these attempts . the
concept of dissimilarity has been invoked by at least
three independent sets of workers: the “dissimilarity
analysis” of Macnaughton-Smith et al. (1964), the
“deviant index” of Goodall (1966) and the “peculiarity
index” of Hall (1965). The procedure always involves
'^identifying the individual which, within the model in
Wise, is most unlike the remainder of the population; this
Individual is then used as the nucleus for building up the
“most outlying” cluster of individuals. Such methods
( have not yet been fully explored, but have at least shown
1 promise. It is obvious that expression (5) can be used
.•12

to set up such a system for transition matrices. An
individual is removed from the population; the transition
frequencies of the remainder of the population are
pooled and expressed as a fraction of their consolidated
row totals; these fractions become the pi j values for use
in expression (5). The individual for which 81 is maxi
mum is the first to be excluded; if the number of degrees
of freedom is not constant, 281 can be tested as a x2The system can also be extended to canonical situa
tions, in which the null hypothesis is set from outside
the system under study. As an example, consider a
time-sequence of crop yields, with which is associated
a number of other sequences (not necessarily in oneto-one correspondence) of environmental parameters.
These can all be converted to transition matrices by
the methods outlined above, and the environmental
matrices converted, as in the previous paragraph, to
matrices of null hypotheses. Computation of 81 values
between the yield matrix and the null-hypothesis mat
rices will provide a simple and elegant method of
assessing the relative importance of the environmental
parameters concerned.
5. Computational considerations
Three aspects require attention. These are, first,
the occasions on which this type of programme should
be used; secondly, the method of storing data within
the computer; and, thirdly, the options that should be
provided in an automatic transition-matrix classificatory
programme.
The answer to the first problem is not always selfevident. We assume that each individual is associated
with a sequence of t entries from among m states. If
the sequential observations are independent, this can
be treated as t independent m— state multistates; if
not, it defines an m X m transition matrix. In the
sequentially dependent case, there is more relevant
information in the transitions than in the individual
states; and it has been our experience that in such a
case the transition-matrix approach provides the more
useful answer. -.Nevertheless, the exigence of the in
dividual states is not without meaning, so that a
classification of an independent-mi|ltistate basis may
be inferior but is usually capable of interpretation.
However, if the items of the sequence are independent
the Markov mpdel fails and the transitions are virtually
without meariing; we have some evidence that the
transition-matrix approach may then produce an
unsatisfactory classification.
In doubtful cases it is therefore advisable to assume
independence as a first approach, or to carry out
classifications on both models.
The data-storage problem arises because cases are
occasionally encountered — amino-acid sequences in
proteins was one in our own experience — when the
transition-matrices are of very high order but contain
very few non-zero entries; storage capacity then rapidly
becomes inadequate even on a large installation. In
such a case it is possible to overcome the difficulty by
storing only non-zero entries and providing a tag-andsearch procedure for processing these. This procedure,
however, increases computing-time to such an extent
The Australian Computer Journal, Vol. 2, No. 1, February, 1970

Numerical Classification of Sequences

that we do not consider it desirable for a standard
program; if the demand is sufficient, it would be
better met by designing a programme solely intended
for this purpose.
Our recommendations as to program options must
of necessity be tentative until wider experience has
been gained. It is already clear that the program
should be able to accept either the transition-matrices
or the sequences on which these are to be based; in the
latter case the matrices are calculated within the pro
gram, and users normally ask that they shall be
printed out for inspection. It is also clear that both the
I, and I2 options described in this paper must be pro
vided. It is by no means clear that, at this stage, the
SI options need be included. The dissimilarity option
is of little use without the entire clustering procedure
that accompanies it; and the canonical option may be
best met at this stage by ad hoc programs aimed
at the problem in hand. This is the attitude we have
so far adopted in designing the classificatory pro
gram TRANSMAT for the Control Data 3600 com
puter at Canberra; a brief specification on this pro
gram follows.
6. Specification of program TRANSMAT
The program in its present form is designed to
handle only one sequence per element, and assumes
that the /th state in the sequence for one element is
homologous with the /th state of the sequence for other
elements.
The first card read in is a “control” card which
specifies five integral parameters punched in FOR
TRAN Format (5(14,2X)). These in order are as
follows:—
(i) n, the number of individual elements to be classi
fied.
(ii) m, the number of single states, and hence the
order of the transition matrices.
(iii) = 0 if the I2 option (Section 3) is required.
= 1 if the T option is required.
(iv) = 0 if the matrix of inter-individual information
gains is not to be printed and punched;
= 1 if the information-gain matrix is to be printed
and punched in Format (7(F9.5,1H,)).
(v) = 0 if the data consist of a set of m X m transi
tion matrices.
= an integer L, where L is the sequence-length
when the data consist of the set of sequences
from which transition matrices are to be
generated.
The second card is a “title card”, which may con
tain any identifying information; the characters on
his card are printed at the beginning of the results.
If the data are sequences (i.e., for parameter (v)
L =7^ 0) these then follow; they are to be punched in
Format (4012) and the sequence for each element
must begin on a new card. If L = 0 so that the data
are already-constructed transition matrices, these are to
be punched by rows in Format (1814) and each row
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and each element must begin on a new card.
The results take the following form:—
(1) Title card information.
(2) Transition matrices; these are printed out in all
cases.
(3) For the I2 option (parameter (iii) = 0) there then
follow n — 1 rows of printing of the form:
i
j
k
Al
I2
This implies that elements (or groups) i and j have
fused to form the group henceforth designated k, that
Al is the information gain associated with the fusion,
and I2 is the information content as defined in expres
sion (4) of section 3.
If the Ii option, as defined in expression (1) of sec
tion 3, has been requested (parameter (iii) = 1), the
output takes the same form, except that T replaces I2
until no further combinations are possible. At this
stage “dissociated system” is printed, and the classificaion is repeated ab initio using he I2 option.
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Picture Digitisation Via
A Modified X-Y Plotter
By I. D. G. Macleod II.
*
Pictures may be digitised via a modified X-Y plotter which is interfaced to a computer
by means of ADC’s and DAC’s. The picture to be scanned is placed on the bed of the plot
ter, whose normal pen assembly is replaced by a specially built scanning head. A simple
scanner constructed in this manner had a gray-scale resolution of at least 64 levels, a spatial
resolution of .OlOin. over an area of lOin. by 15in., and a maximum sampling rate of 200
points per second.

I. Introduction:
As a result of automatic photo-interpretation and
digital picture processing experiments being carried
out in the Department of Engineering Physics at the
Australian National University, a method for digitising
half-tone photographs was required. At least 32 re
peatable gray-scale values and a spatial resolution of
.OlOin. were necessary for adequate representation of
the input pictures, which could range in size up to
2iin. square. The expense of obtaining and interfacing
a standard picture scanning system to the ANU’s IBM
360/50 computer could not be justified in view of the
rather limited usage anticipated.
It was decided to construct a simple picture scanner
and interface it to the computer through existing ana
logue to digital converters (ADC’s) and digital to ana
logue converters (DAC’s). Several approaches, includ
ing a drum-type scanner (Jessup and Wallace, 1968)
and a CRT-based scanner (Ledley et al., 1965) were
considered. The solution finally adopted (because of
its simplicity, versatility, and low cost) was to place
the pictures to be scanned on the bed of an existing
analogue X-Y recorder, whose pen assembly was re
placed by a specially constructed scanning head.'
II. The Scanning Head and Circuits:
The scanning head consists of a 21-in. long piece of
1-in. diameter thin-walled tubing, mounted on the*pfen
carriage perpendicular to the plotter’s bed, with a
convex lens inserted in the bdftorn and two photo fieldeffect transistors (photo-FET’s) mounted at the top.
The tubingjis lined with black felt tb minimize internal
reflections; The general configuration is illustrated in
Fig. 1, the scanning head being connected to the rest
of the circuit by a flexible shielded cable.
The picture being scanned is illuminated by two
small light bulbs positioned at the base of the scanning
head. A sampled area of .OlOin. diameter on the pic
ture was chosen as being consistent with the X-Y re
corder’s repeatability specification of 0.1% for both
the lOin. X-axis and 15in. Y-axis. The lens projects
light reflected from the picture through a sampling
window onto photo-FET P3 and generates a photo

current which produces a signal voltage at Pi’s source
terminal. P2 is mounted in a similar thermal environ
ment to Pi but is kept in darkness. By suitable adjust
ment of R3, the temperature dependent drifts of the
dark currents in P2 and Pi cancel in the differential sig
nal voltage Vd. This voltage is amplified and applied
to one of the ADC inputs. A variable frequency pulse
generator PG may be used to pulse the ADC START
input, thus initiating sampling and subsequent con
version in the ADC.

in.

Method of Operation:
The scanner is quite versatile, but the best method
for acquiring digitised samples of the picture being
scanned depends on the particular application. A TVtype scan is currently employed in acquiring a matrix
of digitised picture points for later off-line processing.
Each scan line is acquired by sweeping the scanning
head at a constant velocity in the X direction, and using
the pulse generator to control the sampling rate. The
Y-axis position is decremented for each successive
scan line.
IV. Performance:
, Experience, with the scanner and the results of tests
carried out with a stamkrd grayfec|le suggest tljat at
least 64 repeatable gray levels and reasonable linearity
are obtained. As far as could be determined, the re
sponse time of the system to a sudden black-white tran
sition was of the order of one millisecond, this figure
probably regfilting from the RC time constant of re
sistor R] and stray capacitances. A faster response
could be obtained by reducing the value of Ri, but to
maintain the other performance specifications, the
illumination intensity might have to be increased. With
.OlOin. diameter sampled areas taken at .OlOin. inter
vals at a rate of 200 samples/second, a sample in
dependence of better than 90% was estimated.
The maximum internal sweep rate of the recorder
is 2in./second, which gives a maximum sampling rate
for non-overlapping .OlOin. dia. sampled areas of 200
points/second. With allowance for carriage return after
each scan, the average sampling rate is limited to
about 150 points/second.

* Department of Engineering Physics, Research School of Physical Sciences, The Australian National University, Canberra, A.C.T.,
2600. Manuscript received August, 1969.
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Figure 1—Schematic diagram of scanning circuits.

V. Discussion:
Jessup and Wallace have recently reported an in
genious modification to an inexpensive facsimile sten
cil cutter which enables its use as a graphic input device
to Basser Computing Department’s KDF9 computer
(Jessup and Wallace, 1968). A comparison with the
present scanner is called for. The Basser scanner is a
drum type and can handle pictures up to 9in. x 12in.
which are wrapped around the drum and scanned in a
helical manner. A spatial resolution of ,005in., two
gray levels, and a scanning rate of 10,000 points/
second for a full size picture are reported. Modifica
tions to Jessup and Wallace’s scanner have been made
at the CSIRO Division of Computing Research in
Canberra, where four gray levels are obtained, and
also at the University of Adelaide’s Computing Centre,
where 16 gray levels are obtained. The ANU scanner
can handle pictures up to lOin. x 15in., has a spatial
resolution of .OlOin., at least 64 repeatable gray levels,
and a maximum scanning rate of 200 points/second.
The characteristics of the two scanners indicate rather
different applications, the ANU scanner being slower,
but offering greater gray-scale resolution and much
more versatility with regard to the choice of a scanning
technique. In the application for which the ANU scan
ner was designed, fidelity and resolution of gray-scale
value were of rather more importance than scanning
speed. When operated in a time-shared mode on the
360/50 computer, only 6 seconds of central processor
time was used during the 12 minutes necessary to scan
a 2Tin. square picture on a .OlOin. grid.
As a result of successful use in the experiments be
The Australian Computer Journal, Vol. 2, No. 1, February, 1970

ing carried out in the Department of Engineering Phy
sics, the scanner is also being used for digitising photo
graphs of interference fringes obtained during experi
ments with the high-velocity shock tube in the ANU’s
Department of Physics, School of General Studies. The
reflectance values obtained are used to compute fringe
locations and displacements, manual acquisition of re
flectance values via a microdensitometer being avoided
by use of the scanner. Another application, which is
currently being investigated is the use of the scanner
as an on-line curve follower. It is anticipated that
graphs and other curves could be digitised both rapidly
and accurately in this manner. When not in use as a
scanner, the X-Y recorder can be used as a computer
controlled plotter.
If care was taken to minimize the weight of the
scanning head, a digital incremental plotter could be
used instead of an analogue X-Y recorder. In this case,
somewhat higher sampling rates could probably be
achieved, and analogue output would not be required.
By constructing a small amount of special purpose
hardware, and using facilities which are available in
many computing installations, an inexpensive yet ver
satile picture scanner can be assembled.
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An Algorithm For
In-Situ Permutation
By I. D. G. Macleod II.
*
In-situ transposition of a vector-stored matrix is an example of the permutation of a set
of elements. Any such permutation is composed of a unique set of disjoint cycles, and is most
efficiently performed by tracing around cyclic paths and moving elements to their new
positions. This paper discusses the problem of choosing “leader” elements for previously
untraced cycles. It is shown that while it is usually not possible to say, without an exhaustive
search, that an element has not already been moved, it is comparatively easy to identify, and
hence reject as leaders, most of those which have. This reduction in the number of exhaustive
searches required, together with the ease of recognising cycles of length 1 and length 2, leads
to an effective practical algorithm which is described in detail.

I. Introduction
The operation of rearranging N distinct objects
amongst themselves is called a permutation of degree N
[Ledermann, 1953]. Certain computations require the
permutation of array elements, the new position of any
element being determined by its old position, rather than
by its value. Matrix transposition, and unscrambling of
spectral values in the fast Fourier transform, are ex
amples of such computations. When a given element
is shifted from its old to its new position, the value of
any element already in the new position must be saved.
This requirement may be avoided by shifting elements
from their old positions in the original array to positions
in an auxiliary array corresponding to the new positions
in the original. On completion of this process, the values
in the auxiliary array may, if required, be copied
back into the original array. With large arrays,
storage for an auxiliary array may not be avail
able and in-situ permutation becomes desirable.
The problem of in-situ permutation of array elements
is, however, “so poorly understood that even the inplace transpose of a non-square matrix is impossible
to do anywhere near efficiently today” [Gentleman,
1969]. The algorithm described below is believed to
be the most efficient-,, yet devised, but its efficiency
varies from reasonable to poor, depending on certfin
characteristics of the desired permutation. The problem
of devising an algorithm which is reasonably efficient
for all permutations remains to be solved.
II. Permutation via Cycle-Tracing
Any permutation is composed of a unique set of, dis
joint cycles of one or more elements [Ledermann,
1953], It is assumed that there are NA elements in the
set to be permuted, and that these elements occupy con
tiguous positions in a storage vector A, elements be
ing referenced by 1-origin indices on A (i.e. indices
ranging from 1 to NA). Each element has two distinct
attributes—its position and its value. In practice it is
the element values which are permuted.
In-situ transposition of a vector-stored matrix satis

fies our definition of a permutation, and the following
discussion will use this process as an example. Fig. 1
shows the rearrangement of elements required when an
8x2 matrix, stored in row-major order in a vector A
(of NA=16 elements), is transposed in-situ. Also
shown are the cycles which compose this permutation;
each element has to be moved to the position originally
occupied by its anti-clockwise cyclic neighbour. Thus,
for the second cycle of Fig. 1, we could in turn enter
at element 2 and save its value, replace element 2 by
element 5, element 5 by element 3, element 3 by ele
ment 9, and element 9 by the saved value of element 2.
By tracing out all cycles in this manner, the desired per
mutation is achieved with the use of only one position
of auxiliary storage. Note that no action is necessary
for cycles of length 1 (i.e., only one element).
Any selected element has two cyclic neighbours. In
cycles of length 1 and length 2, these neighbours will
not be distinct. We refer to the clockwise and anti
clockwise cyclic neighbours as the “predecessor” and
“successor” elements and say that they are in the “last”
and “next” positions relative to the selected element,
respectively. Given the harm of thej dqsired permutation,
it will usually be possible to specify procedures for
computing the indices of both cy'ejic neighbours as a
function of the index of the selected element; these
procedures will thus define the permutation to be executed.
a
For an in-situ MxN matrix transposition, it can be
shown that if K is the index of the selected element,
thep
NEXT (K)=[(K—1)XN modulo (MxN—1)] +1
and
LAST (K)=[(K—1)XM modulo (MXN-1)] +1
For the 8x2 matrix example, the successor element
for element 4 is
NEXT (4)=[(4—1)X2 modulo (8x2—1)] +1
=element 7.
and the predecessor element is m
LAST (4) =[(4—1)X8 modulo (8X2—1)] +1
=element 10.

* Department of Engineering Physics, Research School of Physical Sciences, The Australian National University, Canberra, A.C.T
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There are several possible approaches to executing
permutations by means of cycle-tracing. One approach
is to completely specify the cycles of length 2 or
greater which compose the desired permutation, and to
use this specification in executing the permutation.
This approach minimizes execution time (if the time
necessary to determine the complete specification is
not taken into account), but the specification requires
approximately NA storage elements.
A second approach is to supply the means for trac
ing around cycles (i.e., the procedures for computing
NEXT and/or LAST), and a table of representative or
“leader” elements, one for each cycle of length 2 or
greater. Pall and Seiden describe the use of this
approach for in-situ transposition [Pall and Seiden,
I960]. The size of the leader table is usually not pre
dictable and could require up to NA/2 elements (if all
cycles were of length 2).
A third approach is to determine leaders during the
execution of the desired permutation. This approach is
logically complete and minimizes storage requirements,
but it is slower than either of the above approaches.
The problem of determining leaders in a reasonably
efficient manner has not yet been satisfactorily solved;
much more time may be spent in searching for leaders
than in moving elements to their new positions. The
algorithm PERMUTE, described in section III below,
follows this third approach and employs a technique
for determining leaders which is believed to be the
most efficient yet devised.
It is not necessary to trace out each cycle in one
step. Boothroyd employs a technique of exchanging
pairs of elements lying on the same cycle, in an algo
rithm for in-situ transposition which does not rely upon
leaders being found [Boothroyd, 1967]. Both Boothroyd’s and Pall and Seiden’s algorithms could readily
be modified to accommodate more general permuta
tions than in-situ transposition.
III. The Algorithm PERMUTE
In this algorithm, the element with the smallest
vector index in each cycle is designated the leader
element. The input vector is stepped through one ele
ment at a time, with cycles being traced and elements
moved to their new positions as leader elements are
encountered.
Several advantages accrue from the chosen definition
of leader elements. Firstly, this is a simple and unam
biguous definition. Secondly, if either the predecessor
or successor element has a smaller vector index than
the selected “candidate” element, it cannot be a leader.
It is intuitively expected, and has been experimentally
verified, that approximately three-quarters of all candi
date elements will be rejected as leaders by this simple
initial test. To pass the initial test a candidate need
not be a genuine leader, and an exhaustive test may be
required. No further testing is required, however, in
either of the following special cases:—
(1) The current cycle is of length 2 or length 1, as in
dicated by the successor and predecessor indices
being equal.
(2) No cycles of length greater than 2 have previous
ly been traced.
The Australian Computer Journal, Vol. 2, No. 1, February, 1970

There are other less easily detectable special cases
which may be worthwhile checking for, but these are
beyond the scope of the present discussion.
The exhaustive test consists of tracing around the
current cycle (without moving elements) until (i) the
cycle “breaks” with an element being encountered
whose index is smaller than the candidate’s, thus prov
ing that the candidate is not a leader, or (ii) the cycle
closes without such an element being encountered, thus
proving that the candidate is a leader. In this latter
case, the current cycle can be retraced, this time mov
ing elements to their new positions. By adopting the
above approach, any elements shown to be leaders will
lie on cycles which have not previously been traced,
whereas elements shown not to be leaders will have
already been moved to their new positions.
It is not uncommon for a permutation to be com
posed of a relatively small number of long cycles, such
that the permutation will actually have been completed
after only a few of the elements have been examined as
possible leaders. For the example of Fig. 1, the per
mutation will have been completed after the eighth
element has been processed, because the only remain
ing cycle is of length 1. Except in the case of there
being more than one cycle of length 1 remaining, it is
possible to detect such “premature” completions of
processing by keeping a tally of elements moved to
their new positions, and comparing this at the end of
each step with the number of elements in the permu
tation.
The algorithm PERMUTE is given as an ALGOL
procedure in the appendix; its operation may be sum
marized as follows:
(1) Set TALLY: = 0, CAND: = 0, TRIVIAL: =•
true.
(2) CAND: = CAND + 1; where CAND is the index
of the next candidate element to be tested as a
possible leader.
(3) SUC: = NEXT (CAND); where SUC is the index
of CAND’s successor.
If SUC < CAND, CAND is not a leader; go to
step 2.
(4) PRE: = LAST (CAND); where PRE is the index
of CAND’s predecessor.
If PRE < CAND, CAND is not a leader; go to
step 2.
(5) CAND has passed the initial test. If PRE = SUC
we have a short cycle and CAND is definitely a
leader; go to step 6.
IF PRE A SUC we have a longer cycle, but if only
trivial cycles have previously been traced (i.e.,
TRIVIAL is true) CAND must be a leader; go
to step 7. If TRIVIAL is false, an exhaustive
search is required; go to step 8.
(6) IF SUC A CAND, there are two elements in the
cycle; exchange these, increment TALLY by 2 and
go to step 9. Otherwise, SUC=CAND=PRE and
we have only one element in the cycle; increment
TALLY by 1 and go to step 9.
(7) Set TRIVIAL: = false and trace out the current
cycle, moving elements to their new positions and
incrementing TALLY; go to step 9.
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(8) Trace around the current cycle without moving
elements. If the cycle breaks, go to step 2. Other
wise, retrace the cycle after it closes, this time
moving elements to their new positions and incre
menting TALLY.
(9) If TALLY < NA—1 go back to step 2 and con
tinue, otherwise no further processing is required.
Note that if TALLY=NA—1, there is one cycle
of length 1 remaining, but no action is required
for this.
IV. Discussion
PERMUTE is a quite general algorithm and for this
reason it will usually be possible to modify it to obtain
improved efficiency for a restricted class of permu
tations. With in-situ transposition, for example, im
proved efficiency may be obtained in the following
ways:—
(i) The procedures NEXT and LAST can be coded
in-line, thus saving the overhead associated with
invocation of separate procedures.
(ii) NEXT (1)=1, and NEXT (M x N)= MxN, for
all M and N. The first and last elements of A
therefore lie on cycles of length 1 and do not
have to be moved. As a consequence, the pro
cessing can commence at the second elements with
TALLY set to 1, and cease when TALLY
32 NA—2.
(iii) The indices of the successor and predecessor ele
ments for element K—1 can be used to simplify
the computation of the corresponding indices for
element K [Boothroyd, 1967].
Timing tests for in-situ matrix transposition were
carried out using (i) PERMUTE (modified as above),
(ii) Boothroyd’s TRANSPOSE, and (iii) a routine
TABLE which employed the second approach outlined
in section II above and required a table of leaders. An
extended version of PERMUTE stored the indices of
elements found to be leaders in this table, prior to the
execution of TABLE. All tests were performed using
FORTRAN IV on the ANU’s IBM 360/50. Of the
approximately 40 matrix transpositions timed, PER
MUTE was relatively most efficient for a 90 x 122
matrix and least efficient for a 163 x 139 matrix. Tiie
90 x 122 matrix took PERMUTE TRANSPOSE, and
TABLE 1.9, 11.9, and 1.8 seconds respectively. The
corresponding times for the 163 x 139 matrix were
20.3, 19.9/and 3.7 seconds.
PERMUTE is most efficient for transpositions which
are composed of a small number of relatively long
cycles, and which complete after only a few elements
have been examined as possible leaders. PERMUTE
is least efficient for transpositions which do not com
plete until most elements have been examined as pos
sible leaders, and which contain a large number of
“false” leaders (which pass the initial test and are rejected during the exhaustive test).
Several possible extensions to PERMUTE have been
attempted, with the aim of making its rather variable
efficiency more uniform, but except in special cases,
no marked improvements have been obtained. The
main cause of inefficiency is the time wasted in ex
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haustive testing of candidates which ultimately fail.
In summary, PERMUTE is not a final answer for the
problem of in-situ permutation, but it is sometimes
much faster than comparable algorithms.
ORIGINAL MATRIX TRANSPOSED MATRIX
(8 x 2)_
(2x8)
a
c
e
g
i
k
m
o

acegikmo
b d f h j 1 n p

b
d
f
h
j
1
n
p

MAPPING INTO STORAGE VECTOR
(ROW-MAJOR ORDER)
Vector index (1-origin)
1 23 45 6 7 8 9 10 11 12 13 14 15 16
Element value (i) Original
abcdefghij k 1 m n o p
(ii) Transposed
acegikmobdfhjl np
CYCLES COMPOSING THE TRANSPOSITION

Figure 1: Matrix Transposition Example.
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Appendix
procedure PERMUTE (A, NA);
value NA; integer NA; array A;
begin in teger SUC, PRE, CAND, CRRNT, LIMIT,
TALLY;
real SAVE;
*’
boolean TRIVIAL;
STEP1:
TALLY: = CAND: =0: TRIVIAL: =true;
LIMIT: —NA—1;
STEP2:
CAND: —CAND+1;
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STEP3:

SUC: =NEXT(CAND);
if SUC < CAND then go to STEP2;

STEP4:

PRE: =LAST(CAND);
if PRE < CAND then go to STEP2;

STEP5:

if PRE^SUC then go to if TRIVIAL
then STEP7 else STEP8;

STEP6:

if SUC^CAND
then begin
SAVE: =A[CANI
A[CAND]:=A[SUC];
A[SUC]: =SAVE;
TALLY: =TALLY+2;
go to STEP9
end
else begin
TALLY: —TALLY+l;
go to STEP9
end;

STEP7:
STEP8:
TRACE:

TRIVIAL: =false; go to RETRACE;
CRRNT: =SUC;
CRRNT: =NEXT(CRRNT);
if CRRNT=then go to RETRACE;
if CRRNT > CAND then go to TRACE
else go to STEP2;
RETRACE: SAVE:=A[CAND];
CRRNT: =CAN;
MOVE:
A[CRRNT]:=A [SUC];
TALLY: =TALLY+1
CRRNT: =SUC;
SUC: =NEXT(SUC);
if SUC^PRE then go to MOVE;
A[CRRNT]: =A[PRE];
A [PRE]: =SAVE;
TALLY: =TALLY+2;
if TALLY<LIMIT then go to STEP2
STEP9:
end OF PERMUTATION VIA CYCLE TRACING;

*
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Exactly Reversible
Plotter Paths
By J. Boothroyd * and P. A. Hamilton t

“Mark my footsteps, good my page,
Tread thou in them boldly.”
—or how to cause a digital plotter to retrace exactly the path of incremental steps made in
moving from one point to another when the movement is made in the opposite direction.

The limitations of incremental digital plotters are
sufficiently well known for most readers to be aware
that a “straight line” drawn from the origin (0,0) to
some arbitrary point (a,b), where a,b are expressed as
integer values in incremental step units, must be ap
proximated by a suitably chosen sequence of diagonal
and axial pen movements. An elegant algorithm for
choosing a sequence which yields a best approximation
to the straight line has been described by Bresenham
(Bresenham, 1965). Such an approximation is not,
however, unique and in those cases where two equally
good solutions exist, the Bresenham algorithm may
choose one of these in moving from the origin to (a,b)
and the other in moving back from (a,b) to the origin.
When the pen is down it is desirable that it should
exactly follow the path drawn when the direction is
reversed, and this note describes a trivial change to the
algorithm to ensure that this occurs in all cases.

It is customary to divide the cartesian grid of the
plot into octants numbered as shown in Figure 1. By
choosing the appropriate incremental directions for the
diagonal (diag) and axial movements (axis) of the pen,
a line in any octant may be drawn using the Bresen
ham algorithm described below, for the first octant,
for which 0 < b < a. We suppose the existence of a
procedure step (s) which causes the pen to move one
one step in the direction denoted by s.
procedure move (a,b); value a,b; integer a,b;
begin integer i, del;
comment include here statements to determine
the octant, set the values of diag and axis and
change the values of a,b, to satisfy 0 < b ^ a;
del:= —a;
for i:= 1 step 1 until a do
begin del: =del + (if del < 0 tben 2*b else
2*(b—a));
step (if del < 0 then axis else diag)
end
end;
This algorithm (the notation is essentially that used
in [1]) generates a sequence of values for del whose
signs determine whether a diagonal or axial movement
is made. Taking a=T0|*b=2 the) sequence and corre
sponding incremental mpvements, (a=axial, d=9iagonal) are:—
\
—6, —2, +2,
aad

—14,
a

—10, —6, —2, +2,
aaad

—14,
a

—10
a

It shouldjbe noted that the sequence of signs (the
values are immaterial) is symmetric about the centre
so that in this instance the sequence of pen movements
generated in the forward direction is precisely that re
quired to make the pen retrace its path exactly in the
reverse direction.
Now consider the case a=10, b=l, for which the
sign and direction sequences are:
—8, —6, —4, —2, +0, —18, —16, —14, —12, —10
a
a
a
ad
a
a
a
a'a

Figure 1

We note that, in this case, the sequence of signs is
asymmetric about the centre, pour axial movements
precede the diagonal step and five follow it. This is
an instance of a non-unique solution since, considering
the reverse path, five axial movements before the

* Hydro-University Computing Centre, University of Tasmania.1 f Physics Department, University of Tasmania.
Manuscript received September, 1969.
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Figure 2

diagonal step are equally good. The balance in favour
of the order (4 axial, diagonal, 5 axial) is however,
only lightly held by the zero element. Disturbing this
by a small amount negative would tip the balance and
yield (5 axial, diagonal, 4 axial). This can be accom
plished by arbitrarily denoting reverse directions as all
those directed away from the origin to the left (west
ward) and in these cases applying a unit negative bias
to the initial value of the sequence.
Thus for a=10, b=l the generated sequence for
reverse directions would be
—9,
a

—7, —5, —3, —1, +1, —17, —15,
a
a . a
a
d
a
a

—13,
a

—11
a

yielding the required five axial movements before the
diagonal step, whereas for the first example the
sequence of signs remains unchanged though the values
are altered.
—7, —3,
1, —15, —11, —7, —3,
1, —15,
aada
a
aada

—11
a

This observation affords the possibility of improving
those cases where the original algorithm fails to retrace
its own steps without detriment to those cases where it
succeeds in doing so.
The modified algorithm thus becomes:
procedure move (a,b); value a,b; integer a,b;

begin integer i, del; boolean bias;
bias:= if a < 0 then true else false;
comment which may be incorporated in the state
ments which determine the octant etc;
del:= —a; if bias then del:= del —1;
comment the rest is unchanged.
end;
To illustrate the performance of the original and
modified algorithms we have conducted two tests in
which the pen was left down while each line was drawn
in both directions. The incremental diagonal and axial
♦ movements have been artificially scaled up by ten to
magnify the dog-leg effect of straight line approximation
(simulation enthusiasts might note this as an instance of
the use of a device to simulate itself) and the loops in
Figure 2, absent in Figure 3, clearly indicate those
cases where the original algorithm fails to retrace its
own steps.
The blank square in the centre of each diagram is
deliberate to avoid the confusing Clapham Junction
effect of many criss-crossing lines.
Reference:
(1) Bresenham, J. E., IBM Systems Journal, Vol. 4, 1 (1965),
25.

Book Review
David E. Boddy, Engineering Design Computation Manual.
Holt, Rinehart & Winston (Aust.) Pty. Ltd., Artarmon, N.S.W.
pp.viii + 86, price $3.85.
This book contains a series of elementary computational
examples which are intended to provide some practical back
ground to an introductory course in engineering design. The
examples, which can usually be completed in reasonable time
with the aid of a slide rule or hand calculator, are generally
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well selected and cover a wide range of civil, electrical and
mechanical engineering problems. The presentation is clear
and accurate, and a concise account of the relevant theory is
given where possible. The book serves its stated purpose very
adequately, and could equally well be used in connection with
an introductory course in computer programming for engineer
ing students.
*
J. A. WEBSTER
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Evaluating
Programmer Workload
By Barry J. Jackson *

This paper discusses an approach to the problem of allocating programmers to pro
grammes, so as to evenly and efficiently spread the workload and estimate how long it will
take to write a given number of programmes.

have duties aside from programming, i.e. administrative
work, job set-up, etc. In these cases the team leader
must make a quantified estimate of what percentage
of his time is spent on programming. Admittedly this
is only an estimate, but in the majority of cases this
can be done quite easily. (See Fig. 1).
Secondly, the team leader must know the relative
experience and skill of each programmer. Once again
this is the opinion of the team leader but it would
seem that he has to make this judgement anyway, and
so ranking is only the next logical step. As an example,
the programming staff may be classified on a scale of,
say, 1 to 5 in ascending order of experience and skill.
It may be that programmer salary level is a better
guide to his classification than a particular super
visor’s opinion — particularly if a programmer is a
new member of his team. Classification as a class 2
on this scale does not mean that he is twice as efficient
as a class 1, it means only that his experience and
skill rate as category 2 on a scale of 5. In installations
with a small number of programmers there may be
no need to classify by grades, but merely to- rank pro
grammers according to experience and skill. (See
Fig. 3).
„ The third information a team jleqder must have, is
the number of whole programs to4be written in the
future time period being/ considered, e.g. one month.
He must then break these prografns down into pro
grams, or segments of programs, which should be
written by a single programmer. In most cases an
individual ■.jfi'ogram will best be handled by one
T

NOTE: ALL DATA USED IS PURELY HYPOTHETICAL.

Fig. 1: Programming Team Analysis.

* Teaching Fellow in Accounting, Monash University, Melbourne. Manuscript received September, 1969.
Management Information Officer, Kimpton Minifie and McLennan, Melbourne.
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The Aim:
To anyone with experience of E.D.P. establishments,
it is apparent that there is a desperate need for re
search into techniques which can be used by E.D.P.
supervisors and management to control systems design,
programming and systems implementation.
This paper outlines an approach to controlling cer
tain aspects of the programming task in a commercial
E.D.P. installation. One of the major aims of E.D.P.
supervisors is to allocate the most experienced pro
grammers to the most complex programs, while en
suring that all programming personnel have a full
workload and that no one programmer, or group of
programmers, is overloaded in comparison to other
programmers or groups of programmers. It is a
common complaint that while the experienced pro
gramming staff have too much work to do, the junior
programmers have not enough to keep them occupied.
However, while attempting to allocate the most ex
perienced programmers to the most complex — i.e.
difficult to write — programs and distribute the work
load evenly, it must still be remembered that the
programs must be written in the fastest time possible,
while still maintaining the programming standards
of the installation.
The term “programmer” is used in this paper to
mean the person who receives the program specifica- ^
tions from the systems analyst and then analyses (he
logic, draws the program flowcharts and does«Jhe
coding, debugging and testing of the program. Fre
quently, a programmer —f%s defined — may be
involved in problem Analysis and system analysis;
for the purposes of this paper this is defined as nonprogramming work.
What Information must the Supervisor have?
.. ^
To be able to achieve these stated aims, the super
visor of a programming team must have certain infor
mation available to him. In practically every case this
information is available, but rarely is an attempt made
to quantify it and record it.
Firstly, the team leader must know how many pro
grammers he has in his team and how much of each
man’s time will be spent on programming work. In
many establishments there are some personnel who

Present

position:
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Programme
Number

Programme
Complexity
Classification

Estimated Base
Man-Hours to
Write

1
2
1
3
2
2
2
4
2
2
3
5
4
5
3
4
4
3
5
3

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Total Estimated Base
Man-Hours

10
30
30
10
30
10
40
20
40
30
30
20
20
50
40
30
40
40
50
20
590

Fig. 2: Programme Group Analysis.

programmer, but there are programs — usually very
large ■—- which it may be desirable to segment. Each
segment is then treated as a separate programmable
unit.
The team leader’s next task is to grade each program
or programmable unit as to programming complexity,
on a scale — in much the same fashion as was done
with programmer experience and skill. Thus he may
rank all programs on a complexity scale of 1 to 5.
Once again, this does not mean that complexity 5
program is 5 times as complex as a program with
complexity 1. It means only that complexity 5
programs are the most complex programs and com
plexity 1 programs are the least complex. (See Fig. 2).
The next task which the team leader must perform
— undoubtedly in conjunction with the systems de
signer — is to estimate how long it will take to write
each separate program (or programmable unit). This
estimate will be in man-hours and will probably be to
the nearest 5 or 10 man-hours. This job is extremely
difficult for, as yet, there does not appear to be any
satisfactory way of making these estimates. However
this should not prevent the estimate from being made,
as estimates are being made continually: of the date
systems testing will be started; program testing will
finish; parallel-running will commence, etc., and these
estimates are far more difficult than the one that has
to be made here. In fact,whether consciously or sub
consciously, team leaders and svstems analysts are
making these type of estimates in their everyday work.
Forcing these estimates to be made consciously and
recorded, will probably cause the estimator to be far
more thoughtful and rigourous.
In obtaining these time estimates in a manufactur
ing situation, the method to be used and the quality
to be achieved would have to be specified and the
The Australian Computer Journal, Vol. 2, No. 1, February, 1970

work content measured by work study or a predeter
mined motion time system. In this paper, programmer
time standards are not being discussed — only esti
mates of how long it will take to write each particular
program. These estimates cannot be used as a means
of measuring programmer performance as they are
more in the form of budget estimates than standards
and have little regard for the quality of the product
to be produced. Also these estimates are not the
result of thorough study but merely subjective time
estimates made by a programming team leader, hence
any deviations of actual time from budgeted time are
not necessarily the result of poor programmer perform
ance.
It has already been said that programmers vary
according to experience and skill of programming,
hence when estimates are made of how long it will
take to write a program some level of experience and
skill is assumed. It is probably most practical to as
sume a programmer of the highest classification of
experience and skill, i.e. a grade 5 programmer on
the programmer scale. The man-hour estimates for
each program are then in base man-hours for a grade
5 programmer. This fact must be kept in mind because
later in the analysis these estimates must be adjusted
to the specific grade of programmer being dealt with.
(This term “base man-hours” will be used to indicate
man-hours of work assuming the work is being done
by the most experienced and skilled programmer or
grade of programmer).
How to adjust time estimates?
It has just been said that time estimates for writing
of programs should be based on the most experienced
and skilled grade of programmer, and thus these
lou
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Fig. 3: Programmer Experience-Skill/Output Relationship.
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Programmer
A.
B.
C.
D.
E.
F.
*

each programmer has been ranked according to out
put of instructions per day and given a time-efficiency
as a percentage of the best programmer’s perform
ance. This is only practical with small numbers of
personnel as discussed above. (See Fig. 3).
In installations with large numbers of programmers
who are classified by grade, each programmer in the
same grade will be given the same time-efficiency
rating.
Figure 4 shows the translation of the results of Fig.
3 into percentages of time-efficiency for each pro
grammer. In organisations with many programmers,
averages can be calculated for each grade of pro
grammer, so that all programmers classified as the
same grade would be given the same percentage of
time-efficiency.
Hence, if it is estimated that it will take the grade
5 programmer 40 hours to write a specific program
which has a grade 3 complexity classification, then
it should take the grade 3 programmer 8.7 per cent
longer to write (from Fig. 4); as the grade 3 program
mer has a time-efficiency percentage of 92 per cent.
A Simple Solution?
The information needed to analyse the problem has
now been collected, i.e. the number of programmers
in the team; the proportion of their time they will
spend on programming; the classification of all pre

% of Base Time
Estimates*
60
66
83
92
96
100

ANTIL
BARRY
COX
DENNIS
EVANS
FOX

These Percentages are based on the hypothetical data in Fig. 3.

Fig. 4: Programmer Output Analysis

estimates will have to be adjusted if the program is
to be written by a programmer of a lower grade.
This can be done by a simple study of the pro
grammers in the installation involved. However, if a
general case is to be developed, a large number of
programmers of each grade must be tested. There is
an urgent need for general studies to investigate the
relationship between years of programming experi
ence, programming ability, standards of documenta
tion and programmer output (in terms of instructions
per day with an adjustment for the complexity of the
program). In any specific installation it is still possible
to develop an approximate relationship between grade
of programmer and programming output — in fact,
this should be done before programmers are graded
as to experience and skill. In the example shown,
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fFrom Fig. 6.
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top left hand corner and allocating the simplest pro
grams to the lowest grade programmers, the best
allocation of work can be assured, to satisfy our three
major aims. Firstly, the most experienced and skilled
programmers write the most complex programs; sec
ondly, each programmer is given his share of the
programming workload and any one program does
not have to be worked on by more than one program
mer at any one time; and thirdly, all the work should
be completed at about the same time, so that pro
grammers are not being kept idle and the system
as a whole is ready to be tested at the estimated
completion date.
Obviously, there will be a number of solutions to
the allocation problem within the framework of the
matrix, and the final allocation decided upon will
depend on the team leader’s opinions of this personnel
and the programs to be written. If the team leader
feels, that within the base times calculated, it is not
possible to obtain a satisfactory allocation of pro
grams to programmers (i.e. that some low grade pro
grammers will be writing programs that are too com
plex for them), then he can simply extend the base
times for the high grade programmers. This will mean
that the whole project will take longer to complete;
that the senior personnel are doing more than their
share of the work and that junior programmers will
have to be given other work to do towards the end
of the project.
However, the beauty of the approach lies in the
quantification of all the information available to the
team leader so that he is able to make decisions as to
programmer workload and work allocation.

grammers by grade of experience and skill; the num
ber of programs to be written, classified by com
plexity; the estimated man-hours it will take to write
each program (in grade 5 programmer man-hours);
and finally, the relationship between each grade of
programmer and their programming output.
If the major aim is to allocate the most experienced
personnel to the most complex programs, whilst en
suring an even work distribution, the problem is not
difficult to solve.
First draw up a matrix, as in Fig. 5, with all the
programming team down the left hand side, the various
complexity grades along the top and the number of
programs in each complexity grade along the bottom.
Then calculate the estimated man-hours it will take to
write the programs in each complexity grade. This
total can also be included along the bottom of the
matrix, with the individual man-hours totals for each
program (See Fig. 5).
By adding the total base man-hours in each com
plexity grade the result is a total estimated base man
hours to write all the programs.
The next task is to calculate the base man-hours
each programmer will work in a week. This is done
by multiplying the actual hours worked each week
by each programmer, by their percentage efficiency.
(See Fig. 6). By doing this for each programmer it is
possible to calculate the total base man-hours worked
per week for the team. By dividing this weekly total
in base hours, into the total base hours for the whole
project, the result is the minimum number of weeks
in which all the programs can be written.
Then, to calculate the base hours each programmer
can work in the number of weeks to finish the project,
each programmer’s base hours per week is multiplied
by the number of weeks to do the work. These base
hours can be put on the right hand side of the matrix,
and are the work allocation for each man. (The total
of these will, of course, total the estimated base man
hours to write all the programs).
The actual allocation of programs to programmers
can now be done on the matrix. By starting in the

Programmer

Actual Hours
Worked per
Week

% Time
Efficiency

In Conclusion
This paper has made an attempt to outline an ap
proach to programmer workload allocation based on
basic management principles. The approach requires
• a genuine attempt by the E.D.P. management, to
quantify and record all the estimates which they have
to make — implicitly or explicitly — in the normal
running of a programming section.

Base Hours
Worked per
Week

No. of
Weeks*

Total Base Hours
to finish
Project

Total Base
Hours after
Rounding

A. ANTIL

20

60

12

3.3

39.6 i

40

B. BARRY

40

66

27

3.3

89.1

90

C. COX

40

83

34

3.3

112.2

110

D. DENNIS

40

92

37

3.3

122.1

120

E. EVANS

40

96

39

3.3

128.7

130

30
210

100

30
179

3.3

99.0
590.7

100
590

F. FOX
TOTALS

T0TAL

ESTIMATED BASE MAN-HOURS IN ALL PROGRAMS

TOTAL ESTIMATED BASE MAN-HOURS FOR ALL PROGRAMMERS
PER WEEK
! From Fig. 2.

= 590t
=

=

3.3 weeks

179
t

Fig. 6: Programmer Base Workload Calculation.
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Programming costs are too large a proportion of
total E.D.P. costs and total corporate costs, to be
uncontrolled and not estimated.
.. as program production units, the majority of
E.D.P. departments can be classed as pre-industrial
revolution. Compared with any up-to-date factory,
training is inadequate, methods are ill-defined, and
excessive allowance is made for presumed difficul
ties of temperament. These are harsh words, but
this is a critical and costly area in computer opera
tions and basic management principles can be
applied.” (P. R. Masters, 1968).
The approach outlined in this paper hints at a
system of standard costing for programming, where
standard times are set to write programs of a standard
quality, and variations from these standards are used
to control programmers. The widespread use of such

techniques is not far off, however much research needs
to be done first. This paper merely attempts to outline
an approach to workload allocation which requires
estimates of programmer time to be made, it is not
suggested that these estimates are satisfactory for con
trolling programmers, but they should be accurate
enough to make this approach to workload allocation
valid.
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An Economical Method
Of Plotting Contours
By J. A. B. Palmer *

A method is described for generating a contour map from a surface specified by a
rectangular array of heights. The operation is defined as a transformation of the data, and
the basic approach to the problem, that of aiming for computational speed with economy
of peripheral output, is outlined. The relation of a contour line to the array of heights is
defined. The construction of an intermediate data structure defining the map, and its use
for fast searching, are dcs< ribed. Details are given of the tables and indexing system, and
it is shown how they are used for line generation. Finally an example is shown of the
method in use.

1. INTRODUCTION
A surface that is everywhere single valued, piecewise continuous and is not in general, analytic, is con
veniently stored as a two dimensional array of real
numbers representing Z coordinates with X and Y
cordinates implied by the position in the array.
Graphic output of the surface (by a plotter, not a
CRT display) in the form of a contour map involves
transformation of the data into strings of (X, Y) co
ordinate pairs (referred to as elements), with the Z
coordinate implicit: implied say, by an integer specify
ing the contour index in an array of contour heights.
This is a convenient form for production of the chain
encoded form of output (FREEMAN, 1961) in which
a line is represented by a string of vectors of the type
shown in Fig. 1. The chain encoded string may be
used directly for output by a digital incremental plot
ter.
Representation

Real

Integer

(implied)

A

array

Z

X, Y

B

string

X, Y

Z

The procedure described is a method of transform
ing data from form A to form B.
The storage required for form B can be smaller or
larger than that for form A. However, the output of B
in chain-encoded form suitable for output on a digital
plotter necessitates a further set of strings (referred to
as up-strings) for transference of the pen from the
conclusion of one contour line (referred to as a down
string) to the start of another down-string (Fig. 2). Upstrings are of two elements only. The total geometri
cal length represented by alternate up and downstrings is in part dependent upon the choice of order
and starting points of down-strings, and much plotting
time can be saved by their careful selection.
Division of Computing Research, CSIRO, Canberra.

2. DESIGN PRINCIPLES
The method of string generation has been designed
with the following guiding principles:
a. Economical Generation
i. When a down-string is started, it is continued until
it terminates by closure or on meeting the edge of the
map, (F to G in Fig. 2).
ii. At a termination, an up-string is generated to the
nearest point of the nearest down-string to be gene
rated, and the down-string generation is started, (G to
H in Fig. 2).
In order that the economy thus achieved in peri
pheral use should not be at the expense of computation
time, the method requires considerable scratch stor
age, as will be seen. To enable plotting of large arrays
which may need to be segmented on account of core
size restrictions, a further requirement is:
b. Continuity
Adjoining arrays must produce adjoining maps with
out discontinuity.
Lastly, in order that the result should not be altered
by concatenation with further arrays, or by changes in
orientation, there must be:
c. Consistency
A given array must produce consistent maps.
3. FORMATION OF DOWN-STRINGS
When it is plotted, a down-string will consist of con
tinuous straight line segments, each segment being de
fined by a pair of adjacent (X, Y) elements in the
string. The basic unit over which each segment of a
down-string is formed is the square formed by ad
jacent heights in the Z array. The string will con
tain two elements over the square, representing a
straight line intersecting two sides of the square at
points found by linear interpolation.
The surface represented by the square is not in
general a plane, and if it is a saddle, there can be foqr

Manuscript received September, 1969, in revised form October, 1969.
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Fig. 1: The 8 vectors used in the chainencoded representation of a line. A typical
length is .01 in. for the orthogonais.

Fig. 2: Plotting a contour map. Down-strings are shown as continuous lines
and up-strings as broken lines. An economical order of plotting is
ABCBDEDFGHI.

intersection points. In such a case the contour is direct
ed toward the higher adjacent corner, so as to traverse
along the valley (Fig. 3).
The possible difficulty of a line intersecting the
corner of a square has been avoided by taking the
height interval on a square side as open at the lower
end and closed at the upper end.
These methods satisfy the consistency criterion.
The saddle dilemma has been overcome by GOTTAFAVA and LE MOLI (1969) by taking the left (or
right) hand direction throughout, but this method,
although simpler, could possibly be inconsistent. In
the more elaborate process of McINTYRE et. al.
(1968), each square is divided into 4 triangles by its

Fig. 3: Resolution of ambiguity. Contour lines AB, PQ cross a
square with heights Z where there are four points of intersection
with a contour plane. A is joined to B rather than P so as to
traverse the side of the valley. Similarly P is joined to Q.
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diagonals, but this considerably increases the com
putation, and for a sufficiently fine mesh the differ
ence in the result is not discernible.
4. DATA STRUCTURE
An ancilliary array of side words is formed prior to
string generation to facilitate the following three opera
tions.
a. At the stage when a down-string has been con
structed to the threshold of a square, selection of the
next element involves a search of the remaining three
sides;
b. When a down-string has traversed a side it is
necessary to leave an indication;
c. At the conclusion of a down-string it is necessary
to search for the start of a new down-string, that is, to
generate an up-string.
In addition to the (say) M by N array of Z heights,
hn array of twice this ‘‘size is held for representation of
the sides. (The numberof sidesus in fact (M—1)N +
M(N—1), but M by 2N is used^to simplify indexing).
This side word array is of bit patterns. The array of Z
heights is scanned initially and compared with an array
of contouj( heights to determine which contours in
tersect each side. A side word is formed by inserting
bits in positions corresponding to the position of the
contour in its array (Fig. 4). The array is indexed so.
that the index of the side word is simply related to that
of the Z heights forming the ends of the side it repre
sents.
The number of contour heights in the array is
limited by the word size, but this restriction is not
significant, since a second pass with a further set of
contour heights will continue the contouring consistent
ly.
A
5. SEARCH FOR START OF STRING
To start down-string generation, a primary search of
the side word array is made for non zero words, rather
than for individual bits.
The Australian Computer Journal, Vol. 2, No. 1, February, 1970
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The procedure is now
a. Make a secondary search over the remaining three
sides of the square.
b. Form the next element of the down-string.
c. Update the position parameters.
This procedure is repeated for each square until the
down-string terminates, and is implemented as follows:
A target parameter K is used for selecting side words
for the secondary search where

0 0 1 1 1 1 1 1 0 0 0 0 o"]

BITS 6 TO 11 ARE SET IN THE
REPRESENTATIVE SIDE WORD

Fig. 4: Side word formation. Bits are set corresponding to the
index, in the contour array, of the intersecting contours.

Once a non zero word has been found its lowest bit
is selected. The primary search is thus in two stages,
first for a non zero word from the large array of side
words, then for a non zero bit in the small “array” of
bits in one word. The speed of the method is realised
by this form of data structure, since in most high level
languages a search for a non zero word is much faster
than a search for a non zero bit.
The bit having been selected, an index is set for a
current mask in an array of masks, each of one bit.
This index is then also that of the current contour.
The start of the down-string having been found on a
square side the next element is found by a secondary
search from three side words representing the remain
ing square sides,,masked by the current mask (Fig. 5).

Fig. 5: Secondary search. A down-string has been generated
from A as far as B. Now a search is made over sides 1, 2 and
3 for a side word containing the appropriate bit for continuing
the downstring.

6. DOWN-STRING GENERATION
Tile position and direction of the end of a downstrings being generated is specified by three position
parameters
I, J Index of present square
L orientation (value from 1 to 4)
This serves to specify that the last element of the
string is at the threshold of the square to be traversed.
An example is shown in Fig. 6. Successive values of the
position parameters during generation of the down
string from A to B are
the Australian Computer Journal, Vol. 2, No. 1, February, 1970

■SQUARE (9,5)

SQUARE (8,4)

Fig. 6: Position parameters specifying a down-string during
generation from A to B (see text).
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Fig. 7—Values of the target parameter K during down-string
generation from A to E.

K=1 right side
K=2 opposite side
K=3 left side
The terms right, left and opposite relate to the
present position of the down-string and are indepen
dent of its orientation as may be seen in Fig. 7, which
shows generation of a down-string from A to E. At
A, K=l, right, is selected; at B and also at C, K=3,
left; and at D, K=2, opposite. The values of K assign
ed to the square sides depend only on the side from
which the square is entered.
For the search and updating, five short tables are
used: ISIDE, JSIDE, INEW, JNEW each of f; four
words, and LINK, of seven words.
The indexes of the side words representing the three
sides of 'the square are related to the target parameter
K, by having indexes
I + ISIE>E(LINK(L + K)), J+JSIDE(LINK(L+K))).
where K=l, 2 or 3 for right, opposite and left, as
above.
- ^
The target K having been selected by masking the
side words with the current mask, the next element in
the down string is formed by interpolating with the
current contour between the Z heights of the target
side.
Finally the position parameters are updated by
I <- I + INEW(LINK(L + K))
J <- JNEW(LINK(L + K)
L <- LINK(LINK(L + K) + 2)
Thus the search threads its way through successive
squares until it terminates. The advantage of this pro30

Fig. 8—Example. In this contour map the up-strings, repre
senting movement of the pen while raised, are shown by a
heavy line. The down/up distance ration is 19:1.

cess is that independence of orientation is achieved by
means of the table LINK, used in conjunction with the
associated tables. LINK has the values (1,2,3,4,1,2,3),
and simply defines a cycle.
The bit in the side word is removed when a down
string has crossed the side, and the down-string termi
nates when a secondary search finds no representative
bits in the three target sides of the square, or at an
edge.
At a termination, a new start is found by a primary
search. This is made5*through 'successively ejqmnding
squares round the terrhination, since all points on the
, sides of a square are equidistant from its centre in
chain encoded space.
7. IMPLEMENTATION
This method implemented as a user subroutine in
Fortran has been available for users of the CSIRO
computing network and has found wide acceptance.
It has been used in a system for generating maps from
large arrays (PALMER, 1969) and in a modified form
for finding the boundaries of areas in a pattern recog
nition exercise.
Labelling of contours can be achieved by deferring
the chain-encoding until the generation of a down
string is completed, then making a gap at some suitable
point, say half way along, in ‘which to encode a num
ber.
A simple but effective stereo pair may easily be
generated by simultaneously generating two strings
with left and right offsets in the X direction, propor
tional to the contour height.
The Australian Computer Journal, Vol. 2, No. 1, February, 1970
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8. EXAMPLE
A map is shown with the up-strings shown by heavy
lines, (Fig. 8). The ratio of down to up-string length is
approximately 19:1 in this case. Computation time on
the Control Data 360° was less than 10 sec.
The plotter used has an increment of .Olin., and
the map (5.5in. by 5.5in. as plotted) was generated
from a 45 by 45 array, which gives a smoothness ade
quate for this type of plotter. For the chain encoding
an algorithm by BRESENHAM (1965), implemented
by HUDSON (1964) was used.
9. CONCLUSIONS
The method has achieved worthwhile economy in
peripheral use without incurring excessive computation
time.
It was suggested that the square method of primary
search might profitably be dispensed with in a com
puter system where the plotting is done off line. This
was tried and was found indeed to be the case when
the map was sparse, but in a dense map, the com
putation in chain encoding the additional up-string
length made the square search superior. If, however,
the strings are held merely as (X,Y) elements with
out being chain encoded, the geometrical length of the

The Australian Computer Journal, Vol. 2, No. 1, February, 1970

up-strings is not relevant, and computation time is
saved by not using the square search.
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Education For Commercial A.D.P. Staff
In Australia
II. The Solution In — House Training
By M. R. G. Fiedler*
Part 1 of this paper, published in the November, 1969 issue of The Australian Com
puter Journal, attempted a critical assessment of existing facilities for commercial A.D.Peducation in Australia and found these facilities wanting on two main scores;
(a) there is an insufficient supply of trained staff forthcoming from existing training in
stitutions to meet present and projected future requirements, and
(b) such graduates, diplomatcs, etc., produced are not yet ready to enter the practical work
situation.
In this issue, a highly developed scheme of in-house training is commended to all users,
to be adopted primarily as a means of bridging the gap between the supply of and demand
for adequately trained staff. Certain suggestions for the implementation of an in-house
training scheme are given, together with a consideration of the advantages and disadvantages
of such a scheme, while some actual schemes operating successfully in Australia are de
scribed.

5. “IN-HOUSE” TRAINING
5.1 A Necessity for Every User
The solution which I want to offer to solve the
present education hiatus is based on two premises—
(a) that the existing training institutions cannot ade
quately meet the demands for trained A.D.P. staff,
for several years at least, and probably not until
towards the end of the next decade, and
(b) that our prime need in Australia is not just an
increase in the number of programmers, analysts
and operators being produced, but an increase in
the quality and practical expertise of these people.
Machine house training, tertiary education and
the growing proliferation of other courses all go
so far, but they will never produce the practical
person ready for production work which the in
dustry so sorely needs today—and will look for
increasingly in the future.
To my mind, the ultimate answer to the education
problem is a highly developed scheme of in-house
training for every user. This is recommended for a
small installation just starting into the A.D.P. field as
well as for the experienced and established “oldtimers”. This is not to say that other forms of training
are rendered redundant or superfluous. In the present
climate, they will continue to exist and to thrive. How
ever, until such time as outside training institutions
can adequately provide sufficient graduates, diplomates,
etc., for the industry, a complete scheme of in-house
training providing, inter alia, full formal courses in
programming, systems design and computer operating
is primarily seen as the means of bridging the gap (at
present of fairly significant size) between the demand
and inadequate supply of trained A.D.P. staff. To
bring about this situation, every user should endeavour
to take over and provide as much formal A.D.P. train;

ing as possible, even at some initial sacrifice, and to
integrate this with the other part of in-house training,
viz., training in the organisation’s policies, methods and
procedures and systems, programming and operating
standards (where they exist—and where such standards
do not exist, the situation should be remedied as soon
as possible).
Where businesses and other organisations recruit
trained A.D.P. graduates and diplomates of tertiary in
stitutions, in-house training in the organisation’s poli
cies, procedures and standards, etc., is the best means
of rounding off the learning process, assisting with
speedier assimilation into the organisation and enabling
recruits to start on production assignments earlier than
otherwise. Again, at such time in the future as tertiary
a:nd other institutions can produce sufficient formally
trained graduates, etc., to meet the demands of the
industry, in-house training in the organisation’s internal
standards, etc., will still be required to introduce and
blend new recruits into the practical situation.
To be successful, in-house training must be backed
up to hilt by top management, who must recognise the
key role of training and r ,ake vigorous efforts to ensure
that the training program will not only be launched suc
cessfully but will be continued as a major part of the
data processing effort.
5.2 Appointment and Roles of an A.D.P. Education
Officer and Other Training Staff
As a start, this system requires the appointment of
an A.D.P. Education Officer for the organisation. In
a large organisation, this may well be a full-time ap
pointment with one or two assistants; in a small or
ganisation one person may successfully combine his
education duties with other installation activities. He
should be directly responsible to the Data Processing
Manager—at least in respect of his education duties".

* Australian Mutual Provident Society, Sydney Cove, N.S.W.
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The education function is so vital that it cannot be
allowed to be submerged in the hurly-burly of normal
day to day activities, which are only reported on at
intervals.
The A.D.P. Education Officer should ideally have
had at least two or three years’ experience on program
ming and systems analysis, and preferably have under
gone an instructor’s course. Even in a small organi
sation which is just embarking upon computers, one
of the most promising staff—even if one of the busiest
__should be assigned this task. Of necessity, he must
obtain his initial training from outside his firm—maybe
from a machine house or maybe the Australian Com
puter Users Association might provide a panel to train
such prospective trainers. I commend this as a very
useful service function which the Users Association
might make for the industry.
It is not easy to find the right people for A.D.P.
training work. An unusual blend of skills and tempera
ments are required. As an ideal the training staff must,
at least as a group, be expert in all the programming
languages employed and taught (in the case of A.M.P.
—two or three programming languages will be used
for the IBM 360); they must be thoroughly conversant
with the principles of systems analysis and design; and
possess a sound grasp of the organisation’s systems and
programming standards, the operating system under
which the computer is run and computer operations. In
addition, they must be familiar with the organisation,
its policies, objectives and reasons for using A.D.P.;
and be able to teach at least some of the specialist
topics in the syllabus. The knowledge and skills of the
A.D.P. Education Officer and his staff must be thor
oughly based on genuine practical “on-the-job experi
ence”, both to be relevant and to avoid being merely
theoretical.
In addition, the trainers must have all the human
and verbal skills of a good teacher in the class room
and in counselling, and they must be prepared to use
their skills in training others rather than the ihore
glamourised and rewarding work of implementing new
systems.
It is realised that very few organisations will be able
to find—let alone spare—people with all of these skills
at a moment’s notice. However, these qualifications
should be regarded as goals towards which an A.D.P.
Education Officer and his team should steadily aim.
It is better to begin in a modest way and work towards
the attainment of these goals than to abandon in-house
training as being impractical.
5.3 A.D.P. Training Staff—Additional Considerations
To be successful, an in-house training scheme will
require to have a wide range of graded pre-prepared
problems with suggested solutions. Ready “hands-on”
computer time should be available. It is emphasised
therefore that much of the work of the Education
Officer and his assistants will be tedius—writing lecture
notes, marking assignments, counselling and making
suggestions to students, etc.
1 here is a very real risk also that those concerned
with A.D.P. training will become so immersed with the
daily pressing problems of presenting and administer
The Australian Computer Journal, Vol. 2, No. 1, February, 1970

ing courses that they will lose touch with some of the
real problems of A.D.P. which they are trying to train
people to solve. If any of you have delivered the same
series of lectures or talks two or three times, you know
how easy it is for the presentation to become stale un
less the content has been injected with fresh original
thinking. To forestall this danger, it should be insisted
upon that every member of the training group should
write some programs of his own (apart from training
exercises) to keep in touch with the machine, and in
addition have some interest in the A.D.P. field outside
of training.
The Education Officer and his staff should also set
up a library and a technical information service to all
A.D.P. staff. A librarian might undertake the mainten
ance of the library although the Education Officer, pos
sibly in collaboration with the A.D.P. Manager, would
be responsible for ordering appropriate material and
specifying circulation lists.
The question is sometimes asked—should not the
A.D.P. training group be part of the training section of
the company which is normally responsible for induc
tion training and junior officer and middle management
courses on a company wide basis? To my mind, the
answer is “No”. The members of the A.D.P. Training
Staff are primarily practical analysts and programmers
—and only secondly training officers. The A.D.P. Edu
cation Officer and his staff must keep close to the com
puter and its users.
At the same time a close link should be forged with
the Company wide training section to ensure that
modern training techniques, new visual aids and good
new ideas are employed wherever possible.
5.4 Two Major Users’ Experience with In-House
Training
As mentioned earlier, in-house training has been
used quite successfully by Government departments
and instrumentalities for some years, e.g., the Common
wealth Public Service Board, the Bureau of Census
and Statistics, the Defence Department, C.S.I.R.O., the
New South Wales A.D.P. Service Bureau, etc. In the
private sector, Qantas, B.H.P. and some other organi
sations have also found this method quite successful.
The experience of two of these major users where inhouse training has been used successfully for some
time is interesting and outlined below.
(a) THE COMMONWEALTH PUBLIC SERVICE BOARD.

In-house training has been conducted by the Board
on behalf of a number of (Commonwealth depart
ments since 1960 and has followed five main
streams—
(i) Systems Courses
About 20 full-time courses of three months’
duration in systems analysis and design have
been conducted by the Board between 1960
and 1968. Initially the courses were oriented
towards the conduct of feasibility studies but
over the years the content and emphasis has
swung towards systems design. The courses
have consisted of an introduction to pro
gramming, some practical operating experience
with a computer and associated equipment, the
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basic theory of systems analysis and design,
practice in the use of the techniques of analysis
and design, and discussion of the problems that
arise in implementation.
(ii) Appreciation Courses
The aim of these courses has been to provide
senior management staff with a broad under
standing of the potential of A.D.P., the nature
of a computer-based information system, the
impact it will have on an organisation, likely
problems and control measures. These courses
have been up to one week in duration.
(iii) Programmer-in-Training Courses
Personnel from inside and outside the Public
Service, often graduates or diplomates, are
promoted, transferred or appointed to under
take what is described as a comprehensive
twelve months training course, approximately
half of which comprises formal instruction and
half on-the-job training. Trainees who success
fully complete this course are advanced as As
sistant Programmers which classification carries
a significantly higher salary. About 20 such
courses have been conducted since 1963, and
these courses are recognised by the Common
wealth as the normal way of entry into the
programming/systems analysis structure.
(iv) Programming Assistants
These people assist in the less complex tasks
associated with systems analysis and program
ming. Training has consisted of short introduc
tory formal courses followed by on-the-job
training.
(v) Computer Operators
Operator training in the Commonwealth Pub
lic Service is of nine months’ duration, includ
ing nine-twelve weeks of classroom training
and involving several examinations. Graduation
involves an automatic salary rise.
I understand that as a general rule, the only machine
house training which the Commonwealth uses is that
which normally flows from contractual conditions
involved in the purchase of computers, for example,
initial training in the programming language! as
sociated with the equipment.
(b) QANTAS

-

f"'

Qantas is operatirig a 2i ygar in-house training
schenje for its programming staff. In 1968, all those
being trained were university graduates. During their
first year, the trainees work under very close^ super
vision, although this is relaxed somewhat during the
second year. Training commences with courses in
data processing fundamentals, Fortran/R.P.G.,
punch card utilities and 1130 Assembler language.
This knowledge is then consolidated through the use
of specially prepared exercises and, importantly,
actual production assignments.
360 computer training is not given until the trainees
have had some 10 months’ experience. Courses on
360 introductory programming, machine features,
basic Assembler and software training is given, fol
lowed by COBOL training. This is consolidated by
34

three to four months of production programming in
COBOL, after which PL/I training and several
months’ further production work follows.
Some twenty-two months after appointment, trainees
undergo a Systems Analysis course—this time at a
machine house, after which they are assigned to
various programming departments.
General induction courses and overall company-wide
policy training is given at intervals over this training
period.
Two major reviews of programmers’ performances
are made during training—the first after three to four
months in the area and the second review after 18
months. If performance is satisfactory, salary incre
ments are given. After 27 months’ training and onthe-job experience, programmers finally graduate
with a further significant salary increase.
Training of computer operators at Qantas is in-house
and extends over a six months’ period, being an ad
mixture of formal courses and hands-on experience.
Data preparation people are trained on the machines
for the most part.
5.5 In-House Training—A.M.P.’s Plan
We at A.M.P. have been particularly exercised with
the subject of in-house training in recent months. At
times in the last few years, we have conducted internal
programming courses and at least one systems analyst
course. At other times we have used a mix of machine
house and internal courses. Whenever machine house
training of programmer trainees has been used, we have
followed this up with in-house courses to consolidate
their newly acquired knowledge. We have followed
this up with training in our installation’s programming
standards, and, on occasions, discussion groups, lectures
and seminars have been held. We now feel the time is
ripe to implement a complete in-house training scheme
and consideration is being given to the appointment of
a full-time A.D.P. Education Officer.
Several meetings have been held in the last few
months, and we have, devised an in-house training pro
gram for analysts and programmers, including systems
programmers.
/
*
In-house training for computer operators and data
preparation operators has been in vogue for some time.
We have not had to face directly the problem of A.D.P.
manager training as our manager has grown up with
the installation over the last 10 years.
In setting out the training program, I should point
put that we recognise four levels of skill classifications
for programmers and analysts, and that the planned inhouse training program is graded according to these
levels. Details of the A.M.P.’s proposed in-house train
ing scheme for programmers and analysts are set out in
an Appendix. The training programs which have been
successfully used for computer operator and data pre
paration staff are also included in the Appendix to this
paper.
l» ■
5.6 Advantages of In-House Training
(1) The obvious advantages are:
(a) Training can be scheduled to meet the organisa
tion’s requirements rather than having to fit in
with machine house time-tables.
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(b) Only training material suitable to the installation’s
needs be given. Training will be user oriented.
(c) Greater time and emphasis can be placed on diffi
cult and more complex topics or on topics of
particular importance to the user.
(d) More attention can be given to the needs of the
inexperienced beginner or of the slower learner.
(2) Through the provision of sets of graded practical
exercises, with suggested solutions, students can
gradually develop their confidence.
(3) Perhaps more importantly, good in-house training
will promote loyalty and help to maintain morale
within an organisation. This in turn will help
reduce job mobility within the industry—so ex
pensive for the users in terms of training and re
training—and should help to stabilise salary levels
within the industry. It is significant that losses of
A.D.P. staff from the Commonwealth Public Ser
vice and Qantas are much lower than from most
other organisations in the industry.
(4) In-house training will result in a soundly trained
individual who has well developed practical skills
superimposed upon a sound theoretical base.
(5) The opportunity is provided for closer supervision
of work and greater motivation of the individual.
(6) The opportunity may be given for a forum on un
resolved or contentious issues. If properly con
trolled more efficiency and understanding should
result.
(7) Not dealt with in the above discussions is the mat
ter of training for non-A.D.P. staff within the or
ganisation. In-house training provides the means
of developing a series of courses, initially for
senior management and later for middle and lower
management. Effective dialogue must be initiated
and maintained between the specialist and the user
if the installation is to succeed, and in-house train
ing can greatly assist in this.
(8) A major argument for in-house training is that it
is the most likely long-term measure of improving
the profitability of the computer effort. In the
latest McKinsey and Co. study of computer
systems management in 36 major American and
European companies, the statement is made
“From a profit standpoint, our findings indicate
computer efforts in all but a few exceptional com
panies are in real, if often unacknowledged
trouble.” The telling blows for this state of affairs
fall upon A.D.P. management and staff. The
Australian experience is no doubt very similar.
The solution, suggests the report, lies in teamwork.
“Where top management provides leadership and
operating managers actively and enthusiastically
co-operate with professional computer staff, major
economic achievements can result.” As well as
developing the necessary skills of these individuals,
properly conducted in-house training will foster a
climate of co-operative teamwork so essential for
a profitable computer effort.
5.7 What are the Disadvantages of In-House Training?
They are relatively few if the Education Officer is a
capable, well-trained and respected trainer.
The Australian Computer Journal, Vol. 2, No. 1, February, 1970

(1) If the Education Officer is weak or poorly trained
or lacking in teaching methods, then the benefits
outlined above will not be realised, and it is bet
ter to replace him.
(2) One disadvantage of in-house training is the ten
dency to insularity which may develop among the
A.D.P. staff—but this can be offset:—
(a) by an active Education Officer who himself
keeps up-to-date with industry and training
developments and
(b) by exposing selected senior staff to occasional
outside courses and outside assignments.
(3) Where only one or two staff require to be trained,
say in a programming language, it is contended
that it may be more economical for training to be
conducted at a machine house. This is conceded
only in part. With the extension of programmed
instruction methods of training, it is quite feasible
and likely that much basic data processing and
programming languages training may be conduct
ed “in-house” in the future—in small groups if
necessary. Follow-up in-house training must also
be given in the organisation’s standards and
systems and to enable the subject matter taught to
be applied to the practical situation.
5.8 Bearing in mind that many users are unlikely to
adopt these proposals without some tangible or official
“encouragement” I propose that some form of Gov
ernment assistance should be given to all organisations
which implement suitable in-house training schemes
for their computer staffs. Such schemes would have to
satisfy certain minimum prescribed standards.
Various forms of assistance could be made avail
able. For example, the Commonwealth Government
might make straight out grants or subsidies to employ
ers with approved in-house training schemes. Alter
natively the Government might subsidise the setting up
of a National Computer Centre, along English lines,
which will promote the education and development of
computer managers, systems analysts, programmers and
operators.
It is considered, however, that sufficient incentive
could be granted through the present Income Taxation
structure. Accordingly, it is suggested that the Com
monwealth Government introduce a tax-incentive
scheme which will effectively reduce the taxation
liability of user organisations which provide approved
in-house training facilities in computer skills for its
employees. This could take the form of an investment
allowance in respect of all such capital and running
education costs. This investment allowance would be
an additional concession to the present provisions
whereby all salaries and training costs are allowable de
ductions from assessable income.
Such government assistance need only be of a tem
porary nature, until such time as tertiary and other
institutions are able to produce sufficient formally
trained graduates, diplomates, etc., to fully meet the
demand of the A.D.P. industry.
6. SUMMARY OF CONCLUSIONS
6.1. The rapid growth in the numbers of computers in
use has been accompanied by an enormous expansion
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in the employment of A.D.P. personnel. The pace of
growth is likely to continue in the next decade and ac
centuates the need for adequate advance preparation
for the training of A.D.P. personnel, particularly for
systems and programming work.
6.2 In the past, most training of commercial A.D.P.
staff in the private sector has been conducted by the
machine houses. Universities and technical colleges
have entered the training field and will play an in
creasingly important role in the future. At best, how
ever, both machine house and tertiary institution train
ing will provide a sound theoretical and formal base,
but do not adequately prepare trainees for production
work. Training in the nature of the employer’s business
and its policies, the systems and programming stand
ards of the installation and a study of the employer’s
systems are all necessary before the recruit is in a
position to relate what he has learnt to his new en
vironment. Machine house and tertiary institution
training are not considered to be the ultimate answer
for the present education malaise in the industry.
6.3 Training of commercial A.D.P. staff in the Com
monwealth Public Service has been “in-house” for
many years and has proved highly satisfactory. Simi
lar claims of satisfaction are made by the few large
organisations in the private sector which have used inhouse training.
6.4 The uneconomic poaching and job-hopping and
rapid escalation of pay scales in the industry has been
largely caused by too few organisations being willing
to recruit and train staff themselves.
6.5 In-house training should be adopted in some form
by every user. In-house training may substitute for—
or complement (as the case may be)—the existing train
ing facilities. Its adoption throughout the computer
industry would bring many attendant benefits and
advantages for both the user and the industry, and
would do much to overcome the costly economic waste
so prevalent in the A.D.P. world today. A complete
in-house training scheme is seen as the means of bridg
ing the present gap between the demand and insuffi
cient supply of trained A.D.P. staff.
6.6 To encourage organisations in the private sector
to adopt these proposals, I suggest that some form of
Government assistance be given to all users which im
plement approved in-house training schemes. - It is
suggested that this assistance take the form of tax in
centives and an investment allowance in respect of all
such training costs is proposed.
APPENDIX
A.M.P. SOCIETY’S PROPOSED IN-HOUSE
TRAINING SCHEME
The in-house training program envisaged by the
A.M.P. Society is:—
A. PROGRAMMER TRAINING
I. Up to Junior Programmer Status
(i.e., first 18 months of service)
(1) General introduction to the nature and purpose of
programming; tour of the installation; general
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familiarisation with physical operation of unit re
cord and computer equipment—one week.
(2) General introduction to storage and input media,
and computer hardware and its functions—one
week.
(3) Introductory course on programming—one week.
(4) Concept of block diagramming and general pro
gramming techniques, including structures—one
week.
(5) COBOL courses and class room problems—three
weeks.
(6) An Operating System Interface course—one week.
(7) Programming logic and further programming tech
niques including internal standards—one week.
(8) Practical exercise with emphasis on quality, docu
mentation and adherence to internal standards—
one week.
(9) Application programming—starting with relative
ly simple assignments with successive ones build
ing up in complexity.
It is envisaged that 10 weeks of training will be
necessary before the trainee commences applications
programming. After some experience in writing appli
cations programs in COBOL, a one week course in
aspects of an Assembler language will be given to
broaden his programming knowledge—not to produce
a fully fledged Assembler programmer.
II. Training from Junior Programmer to Programmer
Status
(i.e., from 18 months to 21 years service)
Training is expected to be more informal at this
level.
(1) It is envisaged that this will take the form of some
refresher courses.
(2) Three or four weeks actual operating experience
on both unit record and computer equipment.
(3) Periodic meetings to be held for the interchange
of new techniques, etc.
(4) The allocation to each Junior Programmer of a
case study quite different to his normal work,
which is aimed at broadening his conceptual
approach.
III Training from Programmer to Leading Programmer
Classification
(i.e., from 2i to 4 years service)
A further one or two case studies will be allocated
and a discussion group convened in which existing
program/programs will be examined and criticised.
Supervisory and management training will be given with
a view to preparing the programmer for supervisory
work—although it is recognised that some program
mers are individualists and better suited for non-supervisory specialist roles.
IV Training after Reaching Leading Programmer
Classification
(i.e., from 4 years service onwards)
Two weeks’ training on systems analysis is planned
to increase the Leading Programmer’s appreciation of
the work of the systems analysts, and to enable them
to co-operate more effectively with the systems analysts.
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V Training of Systems Programmers
It is envisaged that systems programmers will nor
mally be drawn from the ranks of the applications pro
grammers who have had at least two years’ experience
in the area.
Their training will include:—
(1) Assembler language training—three weeks.
(2) Assembler language problems—two weeks.
(3) Training in programming standards—one week.
(4) Training relating to the operating system—several
weeks, as necessary.
(5) Training in writing Assembler utility programs—
several weeks.
(6) Some experience in assisting with the operation
of the computer—several months.
B. ANALYST TRAINING
VI Training of Trainee Systems Analysts up to Junior
Analyst Level
(i.e., up to 18 months of service as an analyst)
Broadly, we are catering for entry to systems work
from two main sources:—
(1) Trainees who have just entered the A.D.P. area,
and
(2) Trainees who have graduated from the ranks of
applications or systems programmers.
In the case of trainees from outside the A.D.P. area,
it is necessary that they first undertake the normal
training program specified for trainee programmers,
including the writing of at least one program. On the
other hand, trainees without recent non-A.D.P. clerical
experience, will be seconded to two or three depart
ments with the joint view of conditioning their think
ing along user department lines, including exposure to
the ideal of policyholder service; and to make them
aware of source documents, instructions, circulars, job
specifications, etc., which may be used during systems
investigation.
Further training for both classes of trainee analysts
will then include—
(a) Elementary training in systems analysis and de
sign, including analysis of existing system, inter
viewing, charting techniques, definition of essen
tial requirements, system design, forms design,
audit and control and documentation.
(b) Case study—two weeks.
(c) Graded assignments of a progressively more chal
lenging nature—to be carried out under super
vision.
VII Training from Junior Analyst to Analyst Status
(i.e., from 18 months to 2-1- years service).
Training envisaged here will be an extension of topics
dealt with at the Trainee Analyst stage. They will
include:
(1) Further training in defining objectives.
(2) Costing and evaluation of a new system.
(3) Net-work planning and project control techniques.
(4) Decision making theories.
(5) File design and data processing methods.
(6) Specification of Analyst test data.
(7) Report writing.
(8) Continued emphasis on human relations.
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Vm Training from Analyst to Leading Analyst
Level
(i.e., from 2i to 4 years service)
(1) Attendance at an in-house Senior Officers’ Train
ing Course—where management and leadership
skills would be emphasised and the analyst would
spend a week with conferees from other areas of
the office.
(2) Attendance at an Operating System course.
(3) Training in some machine operations functions,
handling of input and output, etc.
(4) Attendance at an “outside” course on systems
analysis, etc., as conducted by one of the Man
agement Consultant firms—the aim being to ex
pose the analyst to wider influences than are avail
able within his organisation. The need to over
come “inbreeding” or insularity within the analyst’s
own organisation is a difficult task which becomes
more necessary as his experience develops.
IX Training After Reaching Leading Analyst Status
(possibly 4 to 6 years)
Further training would be on-the-job and new
techniques, etc., would be disseminated as they arose.
Case studies are not proposed, in view of the variety of
assignments which an analyst normally receives. One
way of broadening the leading analyst’s conception of
his job would be to have him accompany an executive
officer on an inspection of user departments, after the
system has been in operation for a few months, to
evaluate its performance, suggest amendments, and if
they are not already done, to specify more fully the
clerical or “model procedures”.
C. OPERATOR TRAINING
X Computer Operator Training
The Society has used in-house training for its com
puter operators for a number of years.
f Training is given along two basic lines—
(1) Basic Insurance Training—Includes aims of the
Society—its structure and organisation; the place
and importance of operations within the organi
sation; elementary insurance principles and tech
nical terms; brief descriptions of the mechanised
systems including a study of the flow charts—two
weeks.
(2) Machine and data processing familiarisation, in
cluding computer handling training. This has in
cluded—
7
(a) Elements of the computer, including a de
tailed explanation of the configuration and
the operation of all devices.
(b) Input-output media and media handling—
punched cards, paper tapes, magnetic tapes
including multi-reel files, printer output, con
sole output.
(c) Console operation and messages.
(d) Inspection and use of data preparation
machines.
(e) Handling of peripheral machines—sorters
and collators with practice decks; also burst- *
ers.
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(f) Functions of the operating system and utili
ties.
(g) Cleaning of tape units.
(h) Tape headers, tape grading—tape library
procedures.
(i) Tests, assemblies and compilations.
(j) Operating procedures, scheduling, logging,
use of standard control forms.
(k) Safety and emergency procedures.
(l) Introduction to and use of instruction
manuals.
This training has taken about three to four weeks.
This phase of training is concluded with two weeks
of actual “hands-on” computer operating under the
supervision of the senior operator.
Possibly, operators might also benefit from ele
mentary training in programming.
XI Data Preparation Operators
This training has been carried out as follows:
(1) Machine and data processing familiarisation. This
has included—
(a) Instruction in preparation and use of data

media—punched cards, paper tape and mag
netic tapes.
(b) Instruction in functions and use of data pre
paration devices—punches, verifiers, etc.
(c) Training where necessary in the use of the
alpha-numeric keyboard.
Practice exercises are given to develop accuracy and
speed. A senior female supervisor is personally re
sponsible for trainees.
(2) Instruction in the theory and practice of controls.
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Branch Notes
NEW SOUTH WALES
Monthly Meetings
Branch meetings held during the last quarter of 1969
featured Professor Murray Allen on “Recent Develop
ments in Computer Architecture”, Mr. Bob Donnelly
on “Information Retrieval” and Mr. Jim Aikin on
“Systems Implementation on an International Basis”.
Annual Feature Speaker
The Postmaster-General, Hon. Alan S. Hulme, M.P.,
He spoke to
was the feature speaker for 1969.
approximately 450 members and other interested
people on the role of the Post Office in communications
and its effect on EDP in' Australia. This was the ,4th
Annual Feature Meeting to be conducted by the N.’SlW.
branch.
A

Sets of conference papers, including summaries of
workshop sessions, are available at $6 a set.

Annual Residential Conference
The branch conducted its three-day residential con
ference at Terrigal again this year and a record num
ber of 163 delegates—100 more than last year—heard
seven papers and took part in a number of workshop
sessions.

CANBERRA
. ■*, A
Meetings Held in Late 1969
October—Automated Information Retrieval—Messrs.
D. M. Millar and R. J. Thomas, E.D.P. Division,
Department of Defence, Canberra.
November—Some Aspects of the Apollo Programme
—Mr. T. Reid, Station Director, Honeysuckle
Creek Tracking Station.
December—Developments in Computer Architecture
—Prof. M. W. Allen, Department of Electronic
Computation, University of New South Wales.
(Continued on Page 40)

An Increase Jin Branch Subscriptions
*|f
Following la discussion at the November meeting,
members of the N.S.W. branch agreed to increase sub
scriptions. From January 1, 1970, fees are $10 for
Fellows and Members, $8 for Affiliates and $3 for
Students.
3$

'

Terrigal ’70
The Residential Conference in 1970 will also be held
in Terrigal on August 28, 29 and 30, 1970.
Future Meetings
The programming sub-committee is' compiling the
program for 1970 and at time of press, the meetings
for Febrhary and March only had been finalised; In
February, Mr. Peter Murton, President of the ACS,
will speak on “Management Information and Systems”
while the March meeting • /ill be the annual general
meeting of the N.S.W. branch. In addition, Chairman
Bob Rutledge will give the Chairman’s address.
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SHORT COMMUNICATIONS

A Simple Graphic I/O Device
By C. S. Wallace * and A. M. Jessup f
1. General Description
A previous communication (Jessup & Wallace,
1968) described a cheap graphic input for a KDF9
computer, based on a Gestetner model ES390 “Gestefax” office facsimile stencil cutter.
An improved version of the Gestefax input has now
been developed in the Basser Computing Department,
University of Sydney, under contract to the CS1RO
Division of Computing Research. The earlier unit
relied on special and unusual interface features avail
able on the Sydney University KDF9. However, the
new version is a self-contained self-powered unit inter
facing directly to the I/O busses of a PDP8 computer,
and requires no non-standard features. It recognises
four grey levels rather than two levels (black or white),
and can be used for output as well as, for input.
The Gestefax comprises a photocell and optics
which mechanically scan a picture up to foolscap size,
an amplifier which produced a 20 Kcs sine wave signal
of amplitude proportional to the darkness of the pic
ture element being scanned, and a cutting stylus which
scans a special stencil in register with the picture scan.
A full foolscap scan takes eight minutes.
The Gestefax is modified only by the addition of a
strobe disc which generates about 2400 strobe pulses
for each line of the TV-like scan, and a relay which
enables the amplifier to be driven either by the scan
ning photocell or by a computer-generated signal. All
other circuits are contained in a rack-mounted unit
having receptacles for the PDP8 I/O busses.
2. Input
The signal sampling rate is approximately 200
samples per linear inch, or about 12,000 samples per
second. Thus, the rectification method used to recover
the amplitude of the wave must respond to modula
tion frequencies of up to about 6 Kcs while rejecting
ripple harmonics of the 20 Kcs carrier, which, for
simple full-wave rectification, would be as low as
40 Kcs.
Sensing the peak amplitude within each picture
element would eliminate the ripple problem, but has
the effect that thin black lines on a white ground will
be resolved more readily than thin white lines on a
dark ground.
Instead, the 20 Kcs signal is phase-split in all-pass
filters (Hammond, 1968) to obtain a signal in quadra
ture to the original signal. Four-phase rectification

gives a signal having no ripple frequencies below
80 Kcs, and ripple amplitude about 14% of the DC
component. A two-stage RC filter with corner fre
quencies of 25 Kcs attenuates the ripple to an insig
nificant level, without seriously affecting the highest
modulation frequencies.
The rectified and filtered signal is digitised in an AD
converter, to yield a two-digit encoding of the grey
level. The boundaries between the four grey levels
are individually adjustable by front-panel controls. It
is thus possible to choose a non-linear digital grey
scale to enhance the recovery of detail from material
having a poor or markedly non-linear contrast. A
three or four digit grey scale could easily have been
used, but some modifications to the Gestefax pre
amplifier would be needed to give a long-term stability
consistent with the higher accuracy of measurement.
Input spatial resolution remains as for the earlier
version, viz. approximately 200 elements per linear
inch in each direction over a 12” x 8” field.
The two-digit samples are assembledi into 12-bit
words and input via the I/O bus of the PDP8 under
interrupt control. As double buffer registers are pro
vided, the PDP8 has one word time, or 480 micro
seconds, to respond to a word interrupt by reading in
the data word.
Interrupts are also generated at the end of each line
’ scan and on the completion of a full picture scan. The
PDP8 may read a status word from the device, which
indicates its operating mode and interrupt condition
(data word finished, line finished, or picture finished).
3. Output
The same interrupt signals, strobe pulses, and buffer
registers may be used for output to the stencil cutter,
which employs a two-bit D-A converter, oscillator and
modulator to drive the Gestefax amplifier. However,
the response of the stencil to the butting arc is so non
linear that four grey levels cannot be distinguished
in copies duplicated from the stencil. A more satis
factory control of output grey level can be achieved by
making the computer generate patterns of light and
dark elements to achieve the effect of half-tone block
printing.
The resolution achievable in copies printed from the
stencil is limited by the imperfections of the duplicat
ing process to about 100 lines/inch. The dimensional
and geometric fidelity of output is essentially perfect,
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in that the position of each element is determined to
an accuracy smaller than the dimensions of an element.
As an output device, the Gestefax can most usefully
be compared with the familiar digital incremental
plotter, but is complementary rather than competitive.
The plotter is well suited to the generation of lowdensity output, where only a small fraction of the field
is to be inked. The Gestefax by contrast is well
adapted to the production of dense pictures rich in
detail, such as might be produced by programs which
deal with all parts of the visual field in a homogeneous

BRANCH NOTES
(Continued from Page 38)
QUEENSLAND
It is perhaps appropriate in the first issue of the
Journal for 1970 to review Branch activities during
1969 and reflect on progress of the Society in this State.
(i) Membership in 1969 saw a record growth (up
58% on the 1968 figure) and it is hoped that a
high rate of inflow can be maintained in 1970.
(ii) The Branch introduced its first Professional De
velopment Seminar which was well supported and
proved to be a very successful method of pro
viding in depth training for Computing personnel.
(iii) The foundations were laid for the first Branch
Conference to be held during a week-end in May,
1970.
(iv) Monthly meetings were consistently well attended
and an average of between 50 and 60 members
were present each evening.
(v) The Branch, in conjunction with the Australian
Society of Accountants, has arranged a series of
monthly lectures on “Accounting with Computers”
to be given to members of the A.S.A. Speakers
will be provided by the Queensland Branch of the
A.C.S. and the tentative program of nine even
ing sessions has received very favourable comment
from the A.S.A.
WESTERN AUSTRALIA
Meetings Held in Late 1969
4/9/69: “Trends in Computing at C.S.I.R.O.” by
Dr. Godfrey N. Lance of C.S.I.R.O., Can
berra.
2/10/69: Mr. Dennis Moore spoke on several sub
jects related to his sabattical leave in U.S.A.
On two dates in November, members
visited the Observatory of which an inspec
tion was arranged and the work of a
German group of astronomers at the
Observatory was discussed.
6/12/69: Annual Dinner of Society.
Seminar
During the • year the Branch held its first one-day
Seminar on the Theme “Management Sciences With
Computers”.
Four speakers, two from interstate,
addressed those present. A computer demonstration
of some of the principles involved was given. The
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fashion, applying such processes as spatial differentia
tion, two-dimensional Fourier analysis, and contour
plotting. The Gestefax would also have advantages
for the output of pages of characters in varied or
unusual formats, such as mathematical formulae, or
Chinese characters.
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Seminar was attended by over 100 members and non
members.
Membership
As at December 31, 1969, the membership of the
Branch was 179 which represents a 30% increase over
the previous year.
Meetings for 1970
The first meeting is to be held on Thursday, Febru
ary 5, 1970, and monthly meetings will be held on the
first Thursday in each month until December.
VICTORIA
This has been a successful year for the Victorian
Branch of the Australian Computer Society. It was
marked by a “change in pace” in the lecture program,
the introduction of a Financial New Year’s Eve Cock
tail Party, and a Christmas Barbecue.
The branch was again fortunate in being able to se
cure capable speakers to fill the lecture program. In
contrast to the previous two years, there was only one
lecture per month this year, these lectures taking place
in the Clunies Ross Foundation. Dinner and drinks
were available before the meeting and many members
participated in these pre-meeting gatherings.
The Financial New Year’s Eve Cocktail Party proved '
very popular with members. - It is rumoured that we
may also be celebrating the Chinese New Year in 1970,
but that is not substantiated (the year of the NANO
2nd). ,
The Christmas function was a barbeque at Healesville. The high point of the day was an arboreal exer
cise by the Branch Honorary Treasurer to rescue an
erring boomerang. The low point of the day was the
late arrival of the, beverages.
In 1969 the Scientific Computation was active as
was the newly formed Operations group. The Com
munications group displayed their usual level of ac
tivity, and the Careers and Education (Training) sub
committee appeared to be displaying much industry.
It is expected that further special interest groups will
be formed in 1970, possibly a “Sophisticated Soft
ware” group, and a “Social Implications” group.
1970 promises to be brimful of interest, with in
dividual members becoming more involved in the
activities of the Society and the Branch. Perhaps we
shall even have a contested election for the Branch
Executive Committee.
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The Society continues to undergo rapid growth and
development. In the last issue, it was reported that
personal membership at 30th June, 1969, was 3201. By
September 30, membership had grown to 3,460 per
sonal members in all grades, and 91 Corresponding In
stitutions. This represents an increase of 28% in the
first nine months of 1969. By contrast, the number of
personal members when the Society was formed, on
January 1, 1966, was less than 1,500.
Council met for the third time in 1969 in November.
A full three days were required to attend to the growing
activities of the Society. Major items on the Agenda
were the amendment of the Constitution and By-laws,
planning of Australian Computer Conferences, the first
election of Fellows, the Overseas Visitors Program,
review of Journal arrangements, and a variety of ad
ministrative matters.
As mentioned in the last issue, Council has completed
a review of the Society’s Constitution and By-Laws.
Four distinct sets of amendments were approved by
Council, and have now been placed before the mem
bership. The closing date for ballots is February 7,
1970, and the result will be known shortly after this
date.
Council also determined new qualifications standards
for membership. These, unless objected to by the
branches, will have the effect that applicants for the
grade of Member from January, 1971 will require
three, instead of two, years of relevant experience, and
that five years will be required as from January, 1972.
The grade of Associate (a Corporate grade conferring
voting rights) will be available from the beginning of
1972 for those with at least two years of appropriate
experience.
One of the By-law changes currently before the
membership for approval provides for the adoption of a
Code of Ethics by the Society. If the amendment is
confirmed, Council will in May, 1970, consider a pro
posed code of Ethics for possible adoption, based sub
stantially on the “Guidelines to Professional Conduct
in Information Processing”, accepted in principle about
a year ago. These, in turn, are based on the Guidelines
of the Association for Computing Machinery.
Council devoted considerable time to the planning
of Australian Computer Conferences. The interim
report of the Fourth Conference in Adelaide in August
was discussed at length, as a basis for the planning of
the Fifth Australian Computer Conference to be held in
Brisbane in late May, 1972. The views of all members
and of all who attended the Adelaide Conference are
being solicited through a questionnaire to be sent out
shortly. By the time this issue is published, all dele
gates at the Fourth Conference should have received
Volume 2 of the Proceedings, containing keynote
addresses and a record of discussion sessions. Consider
able interest has been expressed in the videotape re
cordings made in Adelaide. The tapes for several of
the outstanding papers are held by the Society, and are
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available to interested organisations for replay, subject
to certain conditions, one of these being that no charge
is made. However, it would appear that technical
problems limit the equipment suitable for the replay of
the videotapes. Any enquiries should be directed to the
Honorary Secretary.
Council has confirmed the choice of the University of
Queensland campus at St. Lucia, Brisbane as the venue
of the Fifth Australian Computer Conference in May,
1972. This has many advantages over alternative loca
tions in the Brisbane area.
However, it will be necessary to limit registrations
to 1,500 delegates, and preference will be given to
A.C.S. members. An Organising Committee compris
ing distinguished local and interstate citizens is in the
process of formation. This Committee will be respon
sible directly to Council for the Conference, and will be
supported by an Executive Committee to handle de
tailed arrangements. In the meantime, an Interim Com
mittee, comprising the Chairman of the Queensland
Branch (Mr. A. W. Goldsworth), the Immediate Past
Chairman (Mr. R. E. Kelly), and the Vice-Chairman
(Mr. A. W. Coulter), has developed preliminary plans.
It has further been decided that the Sixth Australian
Computer Conference will be in Sydney in May, 1974.
Possible venues for the Seventh Conference are under
consideration.
The first election of Fellows of the Australian Com
puter Society was made in November. The full list of
54 names appears elsewhere in this issue. Future elec
tions will be held each year in November, and nomi
nations may be forwarded now for the next election.
The attention of Fellows and of potential nominees is
drawn to the fact that nominations may be endorsed not
only by Branch Executive Committees, but also by
dr the Vice-President.
four or more Fellows, the President, a past President
Arrangements for the first visits under the A.C.S.
Overseas Visitors’ Programme are now well advanced,
and were discussed at length by Council. Those who
have accepted invitations under the Program include
Professor Robert S. Barton (University of Utah) for
June, 1970, Professor John W. Carr III (University of
Pennsylvania) for August, 1970, Professor David C.
Evans (University of Utah), for November, 1970, Pro
fessor James L. McKenney (Harvard University), for
March, 1971, Professor Bernard A. Galler (University
of Michigan) for July, 1971 and Professor Maurice V.
Wilkes, F.R.S. (University of Cambridge) for late 1971.
The manager of the Program (Mr. R. W. Rutledge) is
currently negotiating with these computer scientists and
with the branches detailed itineraries and the schedules
of seminars to be held. Further details of dates, times,
topics, venues and registration fees will be advised
through the branches and in the press when confirmed.
The Manager of the Overseas Visitors’ Programme is
also assuming responsibility for disseminating informa
tion about other visitors to Australia from overseas. One
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visitor to Australia early in 1970 will be Dr. Grace
Hopper, who is being sponsored by Univac, and is
expected to speak to several branches in eastern
Australia.
This Journal has now been published for over two
years, and it is three years since an agreement was
entered into with our printers. A new agreement has
been negotiated with Australian Trade Publications
Pty. Ltd. for the printing of the Journal; this involves
no increase in the cost to the Society of each copy
printed. The Editorial Committee is confident that the
standards of the Journal will be maintained with quar
terly publication, but will continue to welcome papers
of high quality, especially those relevant to commercial
applications of computers. The first award of the
ANCCAC Medal and Prize, for the best paper publish
ed in Volume 1, will be announced in May, 1970.
Council has accepted with regret the resignation of
Mr. J. M. Smith as Convener of the Data Transmission
Committee, and has appointed Mr. I. G. Nicholls in his
place. This Committee has been charged with a num
ber of important tasks, and it is also hoped that fruitful
discussions will take place between the Committee and
the Australian Post Office.
Several projects of the Careers and Education com
mittee will be of interest. The brochure on Careers
with Computers has been well received and has been
distributed widely amongst school leavers. Copies are
available free of charge from the branches; however,
commercial organisations which desire bulk quantities
are requested to contribute to the printing costs. Re
printing of the brochure in revised form is expected
later this year.
By the time this issue is published, copies of the
Society’s booklet, Computer Courses in Australia 1970,
should be available from the honorary secretary on pre
payment of thirty cents per copy. This contains summary
details of all known substantial courses in computing,
sources of further information, and general information
on careers and education in the computer field. Con
cessional rates for quantity orders are available on
application.
The Proceedings of the Seminar on “The Role of the
Computer in the Secondary School”, held in Adelaide,
South Australia, from, August 15-17, 1969, have now
been published by the Society. The Proceedings: include
both the papers presented and an edited record of the
discussion sessions, on the following topics—
Computers, education and society;
Computers in the secondary curriculum—aims and con
text.
Various Australian experiments in introducing com
puting into the secondary curriculum.
Computers in educational administration.
Computers and timetabling.
ComputerJ<assisted instruction.
The entire proceedings, including the record of dis
cussion sessions, contents, etc., amount to iv + 246
pp, quarto. The proceedings are printed by offset and
are “Perfect” bound. The price for prepaid orders is
$A5 per copy, including postage. Remittances should
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be in Australian currency and made payable to “Aus
tralian Computer Society Incorporated.” Orders which
are not prepaid may be refused; otherwise they will be
subject to a surcharge of $A1 per copy for invoicing
costs, and postage must be paid by the organisation
placing the order. No trade discounts will be given.
Orders should be sent to:
The Honorary Secretary,
Australian Computer Society Incorporated,
P.O. Box 63,
Watson, A.C.T. 2602.
Council received from the Careers and Education
Committee a valuable report on proposals for Profes
sional Development Seminars, and has asked the Com
mittee to prepare plans for one experimental Seminar.
The Society is increasingly involved in various forms
of international co-operation. It submitted its views to
IFIP on ways of implementing a resolution of the
United Nations General Assembly on international co
operation and assistance in the computer field, and is
currently considering possible forms of technical assist
ance to computer workers in neighbouring developing
countries. It receives many requests from overseas for
advice on employment in the computer field in Aus
tralia and has prepared a document to answer the
most commonly asked questions.
Attention is drawn to the work of the IFIP Admini
strative Data Processing Group (IAG), of which the
Society is the Australian national member. IAG pub
lishes a quarterly Journal and the bi-monthly Com
munications, and contributions suitable for either of
these publications would be welcomed by the Honorary
Secretary. Concessional subscriptions are also available
through the Society to these publications and to the
bibliographic publication, New Literature on Auto
mation. Enquiries should be directed to the Branches.
The New South Wales Branch Executive Committee
has undertaken to prepare a document on the problems
and opportunities arising from the social implications
of computers.- This will be circulated to the jBranches
for discussion and will be presented/to Council at its
meeting in May, 1970.
\
A study of the overall organisational structure of
the Society has begun. Council has established a com
mittee and a working group to investigate the possibility
and desirability of centralising the organisation and
finances of the society. With the growth of the Society’s
membership, the expansion of the range of its activities,
and the acceptance of new responsibilities (such as in
ternational representation, national Conferences, and
the Overseas Visitors’ Program), both the Council and
the Branches have been experiencing severe strains on
their available administrative resources. The employ
ment of part-time assistance has provided some relief
but this relief could prove to be short lived. At the
same time the continuance of a federal, decentralised
structure gives rise to various difficulties in practice.
The Committee will, therefore, investigate a number of
related problems, including a wide range of admini
strative arrangements, the present division of respon
sibility between Branches and Council, and the emThe Australian Computer Journal, Vol. 2, No. 1, February, 1970
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ployment of full time paid staff. It is thought by some
that a greater degree of centralisation in the admini
stration of the Society could lead to overall cost savings,
as well as to greater efficiency and less onerous de
mands upon honorary office-bearers. Clearly, the re
view which has been initiated will require careful con
sideration of many factors and will heavily depend upon
the advice of the Branches but could have important
consequences for the future.
At the same time, Council has reconstituted the
Finance Committee, and charged it with the prepara
tion of a detailed phased budget for 1970, and a tri
ennial budget for 1970-72. The budget will provide for
reserves, and for a Special Activities Fund. Council’s
annual income will be approximately $15,000 from
capitation fees if the increases are approved, in addition
to income from special activities and amounts received
from casual sales of publications and from interest.
Greater attention is, therefore, being given to all aspects
of financial management.
A number of suggestions received from members and
Branches are under consideration at present, as well as
various administrative matters. Amongst these is the
design of a suitable logograph and standard letterhead
for the Society.
Council meets again in Sydney on May 18 and 19,
1970.
AUSTRALIAN COMPUTER SOCIETY
FIRST LIST OF FELLOWS
The By-Laws of the Society, as amended in 1968,
provide for the election of a limited number of persons
as Fellows of the Society.
The rules state that “A Fellow shall be a person who
has made distinguished contributions to the knowledge
or application in any field of computer science and

technology or has given outstanding service in further
ing the Objects of the Society”, and that “The election
of a Corporate member as a Fellow shall be regarded
by the Society as recognition of high professional stand
ing and achievement in the computer field.”
The Council of the Australian Computer Society, at
its November 1969 meeting, elected the following 54
persons as Fellows: (F.A.C.S.):
Allen, M. W.
Arnott, W. R.
Bennett, J. M.
Blatt, J. M.
Boothroyd, J.
Browne, O. M. V.
Burley, E. S.
Burton, S.
Claringbold, P. J.
Coulter, A. W.
Cowled, E. H.
Gerrand, L. G.
Gibbs, E. H.
Goldsworthy, A. W.
Gyngell, P. W. E.
Hall, F. L.
Hirst, F.
Johnston, T. A.
Kelly, R. E.
Kovarik, M.
Lance, G. N.
Lockhart, C. R.
Macaulay, I. J.
MacGregor, P. K.
Macourt, D. J. C.
Marr, J. E.
Marshall, J. M.

Murton, P. M.
Nicholls, I. G.
Norman, A. E.
Norsa, M. A.
Osborne, M. R.
Ovenstone, J. A.
Overhue, D. L.
Pearcey, T.
Penny, J. P.
Pilz, W. K.
Pope, K. S.
Potter, C. J.
Potts, R. B.
Pridmore, H. D.
Richardson, D. J.
Rout, M. H.
Rutledge, R. W.
Shaw, J.
Smith, A.
Smith, B. W.
Synnott, D. B.
Taylor, A. A.
Turton, R. J.
White, M. W.
Whitfield, R.
Wilson, O. L.
Wormald, E. G.

Books Received For Review
Smith, B. W.: Computer Courses in Australia, 1969.
Price, W. T.: Elements of Basic FORTRAN IV Programming.
Rummer, D. I.: Introduction to Analog Computer Program
ming.

Dodd, K. N.: Teach Yourself Data Processing.
Flores, I.: Computer Sorting.

Australian Computer Society, Incorporated: The Role of
the Computer in the Secondary School.

Bradley, J. H.: Programmer’s Guide to the IBM System/360.
Anderson, J., Durston, B. H., and Poole, M. E.: Efficient
Reading — A Practical Guide,

j
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IFIP Congress 71 — Call For Papers
The Fifth Congress of the International Federation
for Information Processing will be held in the Sports
Palace Tivoli, Ljubljana, Yugoslavia, on Monday
through Saturday, August 23-28, 1971, at the invi
tation of the Yugoslav Federal Committee for Informa
tion Processing.
The main objectives of the Congress are to foster
information exchange on accomplishments and prob
lems and to stimulate research in the activities encom
passed by IFIP. In keeping with the practice establish
ed for IFIP Congresses the program will have two kinds
of presentations:
• Invited papers, consisting of one hour surveys of
broad fields and half-hour discussions of recent ad
vances in topics of special interest.
• Submitted papers, making up the largest part of the
program, reporting on original work or new results in
information processing.
As an aid in dealing with submissions, the Program
Committee has set up seven major areas. For each area
a list of topics is given. Contributions for the submitted
part of the program on any of the topics listed, or on
related topics falling within the range of interest of
IFIP, are solicited. Papers should be strongly related to
the design or use of computers.
LIST OF CATEGORIES FOR
CLASSIFICATION OF PAPERS
1. Numerical Mathematics
Approximation and Interpolation.
Numerical Methods in Algebra.
Numerical Methods in Analysis.
Numerical Optimization Methods.
Numerical Methods in Combinatorics.
Stability of Computation and Improperly Posed
Problems.
2. Mathematical Foundations of Information Processing
Theory of Algorithms and Automata.
Computational Complexity.
Formal Languages.
Computational Linguistics.
T.
Mathematical Approaches to Design of Machines,
Systems, and Languages.
'
A
Theoretical Treatments of Information Retrieval,
Pattern Recognition, Artificial Intelligence.
3. Computer Software
Programming Systems.
Programming Languages.
Interactive Systems.
Operating Systems.
Program—Program Interfaces.
Data Management.
Software Maintenance and Reliability.
4. Computer Hardware and Systems
New Concepts in Systems Architecture.
Computer Networks and Communications.
Storage Organization and Technology.
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Display and I/O Technology.
Large-Scale Integration Technology.
Hybrid Systems.
5. Systems for Management and Administration.
Concepts, Techniques and Models.
Methods and Languages for Modelling.
Experiences from the Cybernetic Approach.
Forecasting and Integrated Budgeting Procedures.
Information Processing in Public Utilities.
The Economy of Computer Investments.
Applications of Information Systems.
Specialized Business Functions.
6. Technological Applications.
Industrial Process Control.
Automation of Scientific Experiments.
Computer-Aided Design.
Information Retrieval.
Computer-Aided Editing and Type Setting.
Computer-Aided Instruction.
7. Sciences and Humanities
Models and Applications for:
Natural Sciences.
Medical and Health Sciences.
Social Sciences.
Humanities.
Arts.
All the submitted papers will be refereed. Each con
tributor should arrange for necessary company or se
curity clearances bebore submitting his paper. Authors
should forward seven copies of a 100-word abstract in
English, along with four draft copies of the full text of
the paper. The text should not exceed 3000 words, and
should be typewritten, double-spaced, on one side of the
sheet. The first page must carry the following informa
tion:
Title of the paper;
Name, country, affiliation and mailing address of the
author(s); *
'
T
j 3. ■
Area of the paper according to the above classification
of the IFIP Congress topics (only one should be
given);
Language of oral presentation (English, French, Rus
sian, or Spanish); |
A statement of originality, e.g., a clear indication of the
newness of the results or of the approach, and an
assurance (hat the paper or no version close to it is
being offered elsewhere for publication.
" A full set of illustrations, properly keyed to the text,
must be included with every copy, but the figures need
not be in a finished form, suitable for reproduction.
Submissions should be directed not later than No
vember 30, 1970, to one of the following addresses,
whichever is most convenient:
Academician V. M. Glushkov,
l», ■
Chairman,
IFIP Congress 71 Program Committee,
Institute of Cybernetics,
Ukrainian Academy of Sciences,
Kiev—28, U.S.S.R.
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Professor C. C. Gotlieb,
Vice-Chairman,
IFIP Congress 71 Program Committee,
Institute of Computer Science,
University of Toronto,
Toronto, Canada.
Professor H. Zemanek,
Vice-Chairman,
IFIP Congress, 71 Program Committee,
IBM Laboratory Vienna,
Parkring 10,
A-1010 Wien 1, Austria.
Authors will be notified of acceptance or rejection,
and of recommended modifications by mid-March,
1971. The final copy of accepted papers, ready for pub
lication, will be due by May 1, 1971.
The IFIP Exhibition 71, housed on Ljubljana Fair
Grounds, 800 meters from the centre of the town, will

contain an international display of computers, peri
pheral equipment, and related devices. It is also
planned to have a display of computer graphic and a
performance of computer music during the Congress
week.
The program and Exhibition of IFIP Congress 71 will
offer a unique opportunity to acquire an up-to-theminute view of computer products, design and appli
cations.
PROGRAM COMMITTEE
V. M. Glushkov ........................................... Chairman
F. Genuys ..............................................................Advisor
C. C. Gotlieb ..................................
Vice-Chairman
H. Zemanek.............................................. Vice-Chairman
J. H. Wilkinson, E. A. Feigenbaum, K. Samelson,
W. Buchholz, Th.H. Nielsen, A. D. Smirnov,
Bl. Sendov.

Book Review
Jean E. Sammet Programming Languages: History and Funda
mentals, Prentice-Hall Inc., Englewood Cliffs, New Jersey,
U.S.A. pp. xxx + 785.
The greater part of this book is devoted to a detailed de
scription of some 120 higher level programming languages.
However, this part is prefixed by three chapters which aim to
give an overall view of the language field, and which provide
the framework needed to systematise the detailed descriptions
that follow.
The first of the preliminary three chapters introduces basic
concepts and terminology; it discusses the advantages and
disadvantages of higher level languages as compared with
assembly language, and suggests factors relevant in choosing
a language. The second chapter is concerned with functional
characteristics of languages. Topics discussed are the purpose
and evaluation of a language, its definition and standardisation,
as well as problems of conversion and compatibility between
languages. The third chapter deals with technical characteris
tics. Its scope could be indicated briefly by saying that it
discusses, in general terms, all those aspects of a language
which belong in its reference manual—things such as forma
tion of identifiers, types of arithmetic and so on.
The writing of these first three chapters is already quite an
ambitious project. They cover 127 pages and could very well
have been developed into a book in their own right. The
author does not attempt to explain all the concepts used from
first principles, but rather, assuming that the reader already
has a general knowledge of the subject, tries to help him put
his ideas into some sort of order. Since there is still no
adequate theory of programming languages it is not possible
to produce a truly integrated treatment. The best one can
hope to do is to classify aspects of the subject in various ways
and give a descriptive treatment. This is what the author does.
On the whole she does it well.
There are a number of minor defects in these preliminary
chapters, and at least two of these should be mentioned here.
Firstly, there is the use of the term “programming language”,
which the author takes in a narrow sense, excluding assembly
languages on the one hand, and systems like report generators
and decision table languages on the other. This is convenient,
of course, since the book is concerned with “programming
languages” in this narrow sense, but it does violence both
to the English language, and to established usage. A pro
gramming language is a language for programming; if one
wishes to indicate a restricted class of programming languages,
either an adjective should be added, or a different term used.
In chapter II the author gives examples of the notations
used in COBOL and ALGOL to formalize syntax. Having
done this quite adequately, she goes on to compare them
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by translating each example into the other formalism. Both
translations are incorrect, and the rendering of the COBOL
example into Backus-Naur Form is so clumsy as to be almost
unintelligible—apart from making the syntax ambiguous.
BNF is open to improvement, but it is certainly not com
pletely helpless, as the examples suggest.
Chapters IV to IX are devoted to descriptions of particular
languages. With a few exceptions, they are all languages,
which originated in the U.S. The titles of the chapters are:
IV
languages for numerical scientific problems,
V
languages for business data processing problems,
VI
string and list processing languages,
VII formal algebraic manipulation languages,
VIII multipurpose languages, and
IX
specialised languages.
As an example one may cite PL/I which receives forty-three
pages. Of these, three are devoted to history, five to functional
characteristics, thirty-three to technical characteristics, one to
a discussion of the contributions which PL/I has made to tech
nology and one to a sample program. At the end of the
chapter, there are forty-one references listed for PL/I. SIMSCRIPT is described in a page and a half, with a table of
commands and phrases included, as well as a sample pro
gram; it has four references listed. The author has been at
pains to maintain accuracy in these chapters, and, as far as I
can judge, she has succeeded. In most cases she submitted the
relevant parts of the manuscript to an expert in the language—
often to members of the group who designed or implemented
it in the first place.
The remaining two chapters are devoted to significant un
implemented concepts, and future long-range developments.
A book as long and detailed as this one is bound to present
a problem in information retrieval to the user. The author’s
approach is business-like. The list of contents, which lays out
the plan of the book fully and clearly, is supplemented by two
indices—a subject index and a name and system index. In
addition to the description in the text, each language is listed
with a very brief description, in a language summary. Also,
the bibliography (which contains some 800 items) can be
entered by way of an index of authors.
When choosing text books one seeks to protect the student’s
investment by selecting books which do not contain much re
dundant material, and which will not soon go out of date. By
these standards, this book is not suitable as a text. Almost
half the languages described are either obsolete or little used,
and many more will go into disuse in the next few years. But
there is also much in the book which will retain its value; it
can be recommended as a reference work to both the student
of programming and the professional.
•
J. G. SANDERSON.
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Notes on Submission of Papers
Communications. Papers submitted for publication
should be sent to The Editor, The Australian Com
puter Journal, P.O. Box 150, Kingston, A.C.T. 2604,
Australia. All papers submitted will be subject to con
sideration by an Editorial Committee in consultation
with referees authoritative in their particular fields.
Authors will be notified as soon as possible whether
the paper has been accepted for publication, of the date
of the journal when it will probably appear, and of any
modifications suggested by the referees.
Submissions should include the name and address
of the person to whom the proof is to be sent, the name
and address of the author’s organisation or laboratory,
and the author’s title and full name. Honours and de
grees may be included for editorial reference but these
will not be published. Contributors who reside outside
Australia should, wherever practicable, nominate a rep
resentative in Australia to whom their proofs may be
sent for correction.
Eligibility of Papers. Papers submitted must be in
English and they may be in the categories of review
articles, exploratory articles, research articles or papers
on advances in applications. Papers submitted should
be certified by the authors as original and that they
have not been previously published or are not being
considered for publication in any other publication. If
accepted for publication in The Australian Computer
Journal a paper may not be published elsewhere in the
same form, in English or any other language, without
the consent of the Editor. Submission of a paper will
be held to imply that it has been cleared for publication
from military or commercial security standpoints, and
no responsibility will be accepted by the Editor or the
Australian Computer Society for any consequences,
arising from the failure by an author to obtain such a
clearance.
,
A
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Form of Papers. A high standard of preparation is
expected of papers submitted for publication and those
not deemed satisfactory will be returned to the authors
for revision.
Papers should be in double-spaced typing on one
side only of sheets of uniform size with wide margins.
A progressive count of each hundred words of the
paper should be shown in the left-hand margin. A top
copy and one carbon copy of the paper should be sub
mitted. The title of the paper should be as short as
possible |nd should be set out clearly at the head of the
first sheet. Each succeeding sheet should show a
shortened version of the title suitable for a running
title on ,each page of the published work. The sheets
of the 'paper should be consecutively numbered in
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arabic numerals and firmly stapled together in the top
left-hand corner. Each paper must be accompanied by
a summary of about one hundred words which will be
printed immediately below the title at the beginning of
the paper. The first sheet of the paper should show the
exact form of the author’s name required for printing
under the heading (last name, and given name or
initials only) and the name and address of his organi
sation suitable for inclusion as a footnote.
Sub-headings. Sub-headings and paragraphs of
papers should be clearly indicated. The hierarchy and
required indentation of sub-headings and the sub
structures of paragraphs must be presented unam
biguously.
Footnotes. Footnotes should be rarely used and brief.
They should be typed immediately below the line to
which they refer and the sheet should be ruled in ink
or type for its full width immediately above and below
the footnotes.
Tables. Each table should be numbered consecutively
and should have a general but brief self-explanatory
heading typed at the top. Column headings should be
clearly shown, explicit and brief to facilitate type-set
ting. Tables should be carefully laid out to fit a twocolumn format which offers a printing area of 3} ins.
x 9 ins in each column. Exceptionally, tables may
occupy the full printing width of 7 ins.
Tables should not normally be dncluded jn the text
but should be typed on separate sheets. More than one
table jnay be included in a single' sheet, but tables
should not .be split between sheets. Their approximate
position in the text should be indicated in the margin
of the text.
J
Figures. Diagrams and flow-charts must be well
drawn in indian ink and clearly lettered on stiff white
paper or Bristol board. Directional arrows must be
clearly indicated. The diagram should be approximate
ly'twice the size of the finished block. The size limits for
finished blocks are as indicated for tables. Each dia
gram should be on a separate sheet, packed flat and
have the author’s name and figure number on the back.
Where photographs are submitted, glossy prints are re
quired, clips should not be used and heavy pressure
should be avoided when writing on the back. The
numbering, heading and positioning of figures should
be shown as for tables.
Mathematical Formulae. Mathematical formulae
must be clearly written and avoid symbols or arrangeThe Australian Computer Journal, Vol. 2, No. 1, February, 1970
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ments that are difficult to set up. They should be con
sistent with the printing width available.
Appendices. If papers require the presentation of
extensive mathematical treatments or supporting data
(where quotation of references will not suffice) such
detail should be included in appendices at the end of
the paper. Appendices should be clearly identifed as
such, be consecutively numbered in arabic if the paper
has more than one, and have self-explanatory headings.
Subject matter should be prepared in accordance with
the rules for papers.
References. References should be identified in the
text thus: Curtis and Osborne (1966); (Cohen and
Nguyen-Dinh, 1966). Where the paper cited has more
than two authors, the names of all the authors should
be given when reference is first made, e.g. (Fair, Flowerdew, Munro and Rowley, 1966). Subsequent citations
at the same paper should appear as (Fair et al., 1966).
Where more than one paper by the same authors has
appeared in the one year the reference should be shown
as follows: Lance and Williams (1966a); Lance and
Williams (1966b); Lance and Williams (1966a, b);
(Lance and Williams, 1966a, 1967).
At the end of the paper, references should be given
in alphabetical odrer according to the names of the first
authors of the publications quoted, names and prefixes
being entered under the prefix. The references should
include the authors’ initials, year of publication, title of
paper, the name of the journal, volume and first page
number. References to books and monographs should
include year of publication, the title and edition, first
page number of the section referenced, place of publi
cation and the name of the publisher. Examples:—
Bingham, J. A. C. (1967): “An Improvement to Iterative

Methods of Polynomial Factorization”, Comm. Assoc.
Comp. Mach., Vol. 10, p. 57.
Brooks, F. P., Ir., and Iverson, K. E. (1963): Automatic
Data Processing, p. 155. John Wiley and Sons, Inc., New
York, London.
Paine, R. M. (1966): “Preparation for Optical Character
Recognition”, The Computer Journal, Vol. 9, p. 221.
Richards, R. K. (1955): Arithmetic Operations in Digital
Computers, 10th Print, 1965, p. 314. D. Van Nostrand
Company Inc., New York.

It is the responsibility of contributors to check the
accuracy of references in their papers before submis
sion.
The official abbreviations to be used are those of
Mathematical Reviews and in particular the Journal is
referred to as Austral. Comput. J.
proofs. The authors are responsible for seeing that
their type-scripts are in form for publication. Proofs
are sent to the authors or their nominated representa
tives to ensure that the papers have been correctly
set up in type and not for the addition of new material
or amendment of texts. Excessive alternatives may have
to be disallowed or the cost charged against the author.
The symbols used to indicate any corrections should be
those laid down in the “Style Manual” published by the
Commonwealth Government Printer, Canberra, pp
76-79.
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Reprints. Fifty reprints will be supplied free of cost.
A price list and order form will be provided by the
printer, with the proofs, for notification of any addi
tional reprints required.
Correspondence. All correspondence submitted for
publication should be addressed to the Editor. Letters
must be typed, well presented, dated and clearly indi
cate the reference to which discussion is directed. They
must be signed and show the correspondent’s name and
address in typescript. Tables and mathematical for
mulae included should comply with the rules for papers.
Articles may be submitted dealing with the following
or related subjects:—
1. ANALOG COMPUTERS
1.0 General
1.1 Applications
1.2 Design and Construction
1.3 Hybrid Systems
1.4 Programming, Techniques
1.9 Miscellaneous
2. APPLICATIONS—SCIENTIFIC AND
RESEARCH
2.0 General
2.1 Natural Sciences
2.2 Engineering
2.3 Social and Behavioural Sciences
2.4 Medical Sciences.
2.5 Humanities
2.6 Artificial Intelligence
2.7 Use of New Media, e.g., document, graphic,
picture and acoustic media, etc.
2.8 Information Acquisition Storage and Re
trieval
2.9 Real Time Systems
2.10 Man-machine Systems
2.11 Control Systems
2.12 General Symbol Processing Systems and
Techniques
2.13 Operations Research
2.19 Miscellaneous
3. APPLICATIONS—INDUSTRIAL
3.0 Mining and Basic Metal Production
3.1 Complex and Heavy Manufacturing
3.2 Clothing and Textiles
3.3 Food and Drink
3.4 Pharmaceuticals
»
3.5 Printing
3.6 Other Chemicals (including Oil)
3.7 Other Manufacturing
3.8 General Production Line Processing and
Control
3.9 Miscellaneous
4. APPLICATIONS—UTILITIES
4.0 General
4.1 Electricity, Gas and Water, etc.
4.2 Transport
4.3 Communication Systems
4.9 Miscellaneous
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5. APPLICATIONS—COMMERCE AND
ADMINISTRATION
5.0 General
5.1 Finance
5.2 Commerce
5.3 Service Bureau
5.4 Government (Commonwealth, State
Local)
5.5 Hospital Administration
5.9 Miscellaneous

9.4
9.5
9.6
9.9

and

6. COMPUTING MILIEU
6.0 General
6.1 Philosophical and Social Implications
6.2 Professional Aspects
6.3 Legislation Regulations
6.4 Administration of Computing Centres and
Networks
6.5 Management Implications
6.9 Miscellaneous
7. DATA REPORTING AND TRANSMISSION
7.0 General
7.1 Code Systems, Reporting Media
7.2 Programming for Data Transmission
7.3 Design of Reporting and Transmission
Systems, Data Collection
7.4 Reliability, Error Detection and Correction
7.5 Equipment, including Message Switching
7.6 Message Switching Applications
7.7 Organisation and Control of Reporting and
Transmission Systems
7.9 Miscellaneous
8. DESIGN AND CONSTRUCTION
8.0 General
8.1 Logical Design, Switching Theory
8.2 Computer Systems
8.3 Components and Circuits
8.9 Miscellaneous
9. EDUCATION
9.0 General
9.1 Texts, Handbooks
9.2 History, Biographies
9.3 Introductory and Survey Articles

Glossaries
Education
Automation of Teaching
Miscellaneous

10. MATHEMATICS OF COMPUTATION
10.0 General
10.1 Numerical Analysis
10.2 Theory of Computation
10.3 Metatheory
10.4 Combinational and Discrete Mathematics
10.5 Non-numerical Mathematics
10.6 Mathematical Programming
10.7 Mathematical Statistics, Probability
10.8 Information Theory
10.9 Miscellaneous
11. MULTIPROCESSING AND MULTIUSER
SYSTEMS
11.0 General
11.1 Multiuser and Time Sharing Systems Design
11.2 Time Sharing Programming Systems
11.3 Multiprocessor Design
11.4 Multiprocessor Program Systems
11.5 Computer Networks
11.9 Miscellaneous
12. PROGRAMMING
12.0 General
12.1 Processors
12.2 Programming Languages
12.3 Supervisory Systems
12.4 Utility Programs, Techniques
12.5 Program and Data Structures
12.9 Miscellaneous
13. SYSTEMS ANAYLIS AND DESIGN
13.0
13.1
13.2
13.3
13.4

General
The Structure of Information Systems .
Techniques of Analysis
,
File Processing
^
‘
Control Techniques, Standards and Systems
of Efficiency
13.5 Computer Aided Design of Information
Systems
13.9 Miscellaneous
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COMPREHENSIVE
is the only word necessary to describe an organization* that can
solve all problems related to data processing

NEED STAFF?

DELIVERY PROBLEMS?

Call DATASTAFF, the employ
ment service specialising in the
placement of:

Call A-CAR, the competitive radiocontrolled parcel courier service
that provides you with person-toperson pick-up and delivery, and a
computerised accounting system.

Programmers, systems analysts, computer
operators, unit record operators, punched
card operators and all E.D.P.- personnel.
Enquire about our training
punched card operators.

school

for

HEAVY WORKLOAD?

A-CAR is as near as your phone.

Call C.D.P. SERVICES, an independent service
bureau that provides:
Card punching, computer & unit record processing, sorting,
collating, reproducing, commercial and technical systems
design and programming.

x.

DATASTAFF ,v

262972

mu

618292

(4 lines)

IE-v K-illll

(5 lines)

*AT MARK FOYS BUILDING, (5th Floor), 300 CASTLEREAGH STREET,

<^AR

616571
(5 lines)

SYDNEY, N.S.W. 2000

b-

lease
your computer

lamrassB

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.

G^nerai
tjredits
do you still convert
paper tape into cards?
Install Facit PE 1000
read your paper tape
directly
into the computer

Many different types of com
puters are now serviced by
the FACIT PE 1000 tape
reader including the GAMMA
10, GAMMA 30, GAMMA M
40, MARCONI MYRIAD,
SAAB, D 21, CDC 3600,
GE 225, GE 425, IBM 1401,
1440/60, 1130, 1800 and
UN1VAC 1004 for which adapt
ers are availably By using the
THG 401,0 code converter
punched 'tape can be read
directly into data systems with
automatic code conversion.
When you want to convert into
another type of data carrier
you still need a fast tape
reader.

LEASING DIVISION
Melbourne: 277 William St. Phone 60 0241
Sydney: 283 Clarence St. Phone 29 3041
Adelaide: 41 Pirie St. Phone 8 7383
Brisbane: 633 Ann St. Phone 5 3971

GC233

REHABILITATION OF
MAGNETIC TAPES
By
LIPSNER-SMITH ULTRASONIC CLEANING

~ “a .

REMOVES
ALL
LOOSE
OXIDE
•
Send for more

ti

information to:
If you want to know more about
how to read 0—1000 characters per
second into data systems write for
our brochure FACIT PE 1000.

CINETEC FILM EQUIPMENT ™
ELECTRONIC

ASSOCIATES

PTY.

LTD.

63 Mountain Street, Broadway, N.S.W. 2007
Phone: 211 0077

48 Atchison St„ St. Leonards, N.S.W. 2065. 45 7522. (4 lines)
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THE
“TOTAL SERVICE”
COMPUTER BUREAU

COMPUTERS
NEED

A CCCSSORICS
We Specialise in:
COMPUTER ...

® 4 POST BINDERS
• CONTINUOUS STATIONERY
BINDERS
E.D.P____
• GUIDE CARDS
• PORTABLE CARD CABINETS
• MULTI-DRAWER CARD CABINETS
All Accessories Available in Various Colours and
Materials
“Special Sizes” Present No Problems

Cl Clayton Associates
451 ELIZABETH STREET, MELBOURNE, Vic. 3000

TELEPHONE: 30 3192

• Contract programming
• Facilities Management
• Systems development and
processing
• Block time rental
• Package programmes
• Source data conversion

WE SELL ONE THING: RESULTS
COMPUTER TECHNOLOGY &
FACILITIES PTY. LIMITED,
863 Bourke St., Sydney. Tel: 699 1499 and
564 St. Kilda Rd., Melbourne. Tel: 51 2611

IS THIS DIGITAL PLOTTER THE AHSWER TO YOUR PROBLEM?
THE EAI 430

□ Introducing a completely new approach
to digital plotting—the “Hybrid Concept”.
Digital feedback control and interpola
tion techniques for precision and re
liability. Analogue servo loops for the
high speed production of smooth lines at
any angle from the origon—at rates up to
20”/sec.
□ THREE flat bed plotting tables to choose
from 11” x 18”—31” x 36”—54” x 76”—
with “paper roll” facilities to allow plots
of any length to be produced.
□ Advanced application software.
□ For mechanical design, map and con
touring, design and performance analysis.
□ Pen/colour and symbol selector.

For further information of the new 430 please
Ltd., 48 Atchison Street, St. Leonards, N.S.W.

■ite, ’phone or call at EAl-EIectronic Associates Pty.
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Proceedings of Fourth
Australian Computer Conference
Adelaide, 1969
IN 2 VOLUMES

Volume 1,632pp„ is available nowand Volume 2,
approx. 100 pp„ will be released in a few weeks.

This significant work of reference contains the
texts of the papers and discussions presented at
the last Computer Conference held in Adelaide
in August, 1969. The Conference featured
keynote speakers from the U.S.A., U.S.S.R.,
England and Australia. The two volumes of
Proceedings contain the full texts of 102 sub
mitted papers and 10 invited papers, plus the
accounts of panel discussions and reference
indices, and are a comprehensive record of the
major issues of current importance in the field
of computers and associated techniques.
General papers concern the professional organi
sations for computing and information process
ing and technical papers are grouped in three
streams - Commercial, Industrial and Manage
ment Topics; Computer Technology, Hardware
and Software Topics; Scientific, Professional
and Academic Topics.
PRICE: $18.90 per set (including post and packing).
To obtain your copies, complete the coupon below.

CONTROL DATA
AUSTRALIA

PTY LIMITED

CAREER
OPPORTUNITIES
☆ DATA SERVICES
SALES ☆
Immediate requirements exist for several
experienced, successful, technical sales
personnel to support customers in our rapid
ly-expanding network of high-speed remote
terminals connected to the C.D.C. 6600 in
Sydney — THE MOST POWERFUL COM
PUTER SYSTEM IN THE SOUTHERN HEMI
SPHERE.

Positions are now available in:
★ SYDNEY
★ MELBOURNE
v
★ cKnberra

To:

/

The Griffin Press
Marion Road, Netley, South Australia 5037

Please send me/us........ copy/copies of Proceedings
of Fourth Australian Computer Conference
Volumes 1 and 2 at $18.90 per set/fncluding post and
packing, for which cheque, value $..............is enclosed.
Overseas orders add 50c extra.
Name................................................................................
Organisation.....................................................................
Address...........................................................................

1 ............................................................................
1
® ....... .......................................

Postcode......................

Books will be despatched by surface man

XIV

If you are looking for a challenging and
rewarding position involving the sales and
promotion of-^computer times, high speed
remote batch processing terminals, proven
and warranted software packages in fields
including structural, electrical and civil
engineering, mathematical programming,
urban affairs and project control and other
services available through the C.D.C. 6600
SUPER COMPUTER network, apply in
confidence to:
Mr. P. van Beek

y,

C.D.C. DATA SERVICES/AUSTRALIA
221-223 Miller Street, North Sydney, N.S.W. 2060.
Telephone: 929-6522
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PHASE OUT INFORMATION DISPLAY
AND STORAGE PROBLEMS

TYPE 601

TYPE 602

5 inch Storage Display Unit

5 inch Display Unit

* BISTABLE STORAGE
* 1-V FULL-SCALE DEFLECTION FACTOR
FOR VERTICAL AND HORIZONTAL
AMPLIFIERS
* REMOTE PROGRAMMING OF DISPLAY
FUNCTIONS
* ALL SOLID-STATE

* 1-MHz X AND Y BANDWIDTH
* 100mV/cm X AND Y DEFLECTION
FACTORS
* X-Y PHASE DIFFERENCE WITHIN 1° TO
1-MHz
* UNIFORMLY SMALL SPOT SIZE
* DC-COUPLED Z AXIS
* ALL SOLID-STATE

This unit permits stored displays of combined
alphanumeric and graphic information from
digital computers and other data transmission
systems. The Tektronix-developed bistable
Storage CRT used in the Type 601 eliminates
costly memory devices for refreshing the in
formation display. Built-in vertical and hori
zontal amplifiers permit Y versus T plots
up to 100kHz for remote storage.

TYPE 611
11 inch Storage Display Unit

* FLICKER-FREE DISPLAYS
* HIGH RESOLUTION ALPHANUMERIC
GRAPHIC DISPLAY CAPABILITIES
* WRITE-THROUGH ABILITY
* REMOTE PROGRAMMING OF
DISPLAY FUNCTIONS
The Type 611 Storage Display Unit permits
stored displays of combined alphanumeric
and graphic information from digital com
puters and other data transmission sys
tems. The 11 inch Tektronix-developed
bistable Storage CRT used in the 611
eliminates costly memory devices for re
freshing the information display, provides
high information density without flicker
and with excellent resolution. A writethrough feature provides ability to visually
position the writing beam to any point on
the CRT display area without disturbing
previously stored information. Vertical
format display area provides the same
aspect ratio as a type-written page.

A compact, solid-state instrument with excel
lent resolution providing accurate displays of
information from X, Y and Z signal inputs.
Application areas are: phase shifts and fre
quency ratios using Lissajous figures, graphic
and alphanumeric displays from computers,
high-resolution raster displays with intensity
modulation and Y-T plots of amplitude versus
time displays.

We would be pleased to arrange a
demonstration and advise you on your specific needs.

THREE COMPREHENSIVE UNITS
READY TO ENGINEER INTO
YOUR READ-OUT SYSTEM.

TEE KTRON IX
N.S.W.: 80 Waterloo Road, North Ryde 2113. Phone 88 7066
VIC.: Suite 20, 67 Queens Road, Melbourne 3004. Phone 51 1592
S.A.: 128 Gilles Street, Adelaide 5000. Phone 23 2811

*
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