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Your branch office is not <
remote from the head office,
it’s remote from your head
office computer. Which
means that if your branch
office needs hard copy re
ports like payroll or inventory
information, it’s days away.
Conversely, your computer
never has the up-to-theminute data from your branch offices that it
needs to serve you efficiently,
NCR has the solution. The MDS Magnetic
Tape Encoder. It provides two-way electronic
communication with other Magnetic Tape
Encoders. This Data Communicator transmits
information over ordinary telephone lines, or
over a private line between your branches and
head office,

It avoids using costly computer time for com
munications. It gives you complete verification
logic and, for hard copy capability in your
branches, a high-speed printer can be added.
The Data Communicator is freestanding and
can perform normal tape encoding and verifica
tion when it’s not communicating. Its magnetic
tapes are compatible witlr any make of com
puter. Other models provide additional capa-‘
bilities, such as card and paper tape .reading, as
well at data communications.
Learn more about the versatile MDS En
coder family and its exciting new capabilities
in data transmission. Call your NCR man
to-day, or write to
NCR, Box 2626,
G.P.O., Sydney,
2001.

NCR

THE NATTONAL CASH REGISTER CO. m. LTD,.
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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
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Tektronix...
" * 'im

Type 601 :

Type 611 :

Type 602:

5" Storage Display Unit

11" Storage Display Unit

5" Display Unit

• Bistable storage
• 1 -V Full-scale deflection factorfor
vertical and horizontal amplifiers
• Remote programming of display
functions
• All solid-state
This unit permits stored displays of com
bined alphanumeric and graphic informa
tion from digital computers and other data
transmission systems. The Tektronixdeveloped bistable Storage CRT used in
the Type 601 eliminates costly memory
devices for refreshing the information
display. Built-in vertical and horizontal
amplifiers permit versus T plots up to
100kHz for remote storage.

• 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 computers and other data
transmission systems. The 11 inch
Tektronix-developed bistable storage
CRT used in the 611 eliminates costly
memory devices for refreshing the in
formation display, provides high infor
mation density without flicker and with
excellent resolution. A write-through
feature provides ability to visually posi
tion 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 typewritten page.

• 1-MHzX and Y bandwidth
• 10OmV/cm X and Y deflection factors
• X-Y phase difference within 1 ° to
1 -MHz
• Uniformly small spot size
• DC-coupled Zaxis
• All solid-state
A compact, solid-state unit with excellent
resolution providing accurate displays of
information from X, Y and Z signal inputs.
Application areas are: phase shifts and
frequency 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.

Five comprehensive units ready to
engineer into your read-out system
S3076-L
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can solve your display
and storage problems!
THE

4501 WILL

STORED AND DISPLAY
GRAPHICAL INFORMATION
U&ZTE*

from:

CHARACTER GENERATORS

DFA CONVERTERS
CORUE TRACERS
OSCILLOSCOPES
signal

conditioners

MANUALLY CONTROLLED

INPUTS

J
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Type 4501 :

Type T4002:

Scan Converter Unit

Graphic Computer Terminal

• Bright hi-contrast display
• Composite displays
• Size limited only by monitorselection
The Type 4501 Scan Converter Unit converts information
written on its 5-inch storage tube to composite video or
modulated RF for convenient viewing on large-screen
television monitors or receivers. Provision is made to
select an output video signal that conforms with either
525-line, 60-field or 625-line, 50-field television standards.
The display size is limited only by the choice of TV monitor
or receiver. The bright displays achieved are ideal for
individual or group viewing under high-ambient light
conditions. A Tektronix 5-inch rectangular bistable storage
tube is utilized as the memory device and provides resolution
equivalent to 100 by 125 stored line pairs.

The Tektronix Type T4002 Graphic Computer Terminal is a completely
self-contained, desk-top, information display system designed to
facilitate rapid and efficient exchange of information between man
and computer. Complete communication interaction is achieved
through a solid-state, data-entry key-board and visual displays of
high-resolution alphanumerics and graphics. A Tektronix developed,
direct-view storage CRT is used as the display medium. High-density
alphanumerics and complex graphics are presented without flicker
or drift. Resolution achieved is equivalent to 400 x 287 line pairs.
Improved utilisation of the Terminal is provided by the addition of the
optional 4901 Interactive Graphic Unit, which generates a bright, no
parallax, crosshair cursor. The cursor is easily and accurately position
ed with desk-top Joystick, and data points and instructions may be
entered through the T4002 keyboard.

EXHIBITION

The full range of Tektronix Terminal and Display products
will be demonstrated at the Computer Communications
and Display Equipment Exhibition in the U.S. Trade
Centre, 37 Pitt Street, Sydney from June 29 to July 3.
CONTACT YOUR TEKTRONIX FIELD ENGINEER FOR FURTHER INFORMATION AND ADVICE ON YOUR SPECIFIC NEEDS.
Distributed by Tektronix Australia Pty. Limited
N.S.W.: 80 Waterloo Road. Nth. Ryde 2113. Tel. 88 7066
VIC.: 25-27 Alma Road, St. Kilda 3182. Tel. 94 0229
S.A.: 128 Gilles St.. Adelaide 5000. Tel. 23 2811

KTRO N IX PS
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CHARACTER B. J. Ball Ltd.
COMMERCE Spicer-Cowan
CUPACO 27 Cutner Paper Co. Pty. Ltd.
DECIMAL Bowater Paper Co. Ltd.
DIAMOND & SOVEREIGN
Edwards Dunlop & Co. Ltd.
EQUITY Gordon & Gotch (A'asia) Ltd.
LAW, LAW SUPERFINE & LEGAL
Dalton Industries Pty. Ltd.
PARAMOUNT & TULLIS Tullis Hunter & Co. Ltd.
POSTSCRIPT Bowater Paper Co. Ltd.
TUDOR Spicer-Cowan
BURNIE BOND & BURNIE SUPERFINE
All Paper Merchants
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o-one can be quite sure, when choosing a bond
paper, that it will exactly marry their purpose to their
purse (whether it be for printing, typing or writing) unless
they have a wide choice in qualities and prices.
For the perfect match Australia's most popular bond papers
made at Burnie are unbeaten for all-round printability, offset
or letterpress. The surface sizing ensures equal clarity and
definition for typing and writing.
Uniform in quality, matured for stability, bonds made at
Burnie are versatile in use — letterheads, product literature
and catalogues, advertisements, envelopes, business forms
and continuous stationery.
And there is another important guarantee for the user of
Burnie bond papers.
Would Australia's leading paper merchants, with their hardwon reputations for excellence, incorporate their identifying
rubbermark on their bond papers made at Burnie unless they
were sure of the bonds they supply?
*Let's face it. They wouldn't.
When you examine your bond sheet from Burnie make sure.
Look for any one of these distinguishing names and rubbermarks.

N
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ASSOCIATED PULP &
PAPER MILLS LIMITED
Mills at Burnie, Tasmania
and Ballarat, Victoria
Sales offices Melbourne,
Sydney, Brisbane,
Adelaide, Perth

$© 68®
MADE IN AUSTRALIA

Postscript
%'J
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Made in Australia

TtULOS
MADE IN AUSTRALIA

©®M®
MADE IN AUSTRALIA

SUflPSBPOKlS
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Let's
face
it *

Buy Australian made,
specify Burnie and Ballarat Papers
IV
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It can't see.
Install the wrong computer system and
you will be the same. That’s where Nixdorf
Computer have seen the light.
It took just two words. Visible Record.
A Nixdorf Visible Record Computer allows
direct access to all accounting and
bookkeeping areas and the advantage of
instantly available data to aid management

wmwfmiNmw

V

making decisions. The Nixdorf team will
design a Visible Record Computer system
to your specific requirements, then train
your staff in its operation.
Now you see why Nixdorf is Europe's
largest manufacturer and exporter of
Business Computers.
Install a Nixdorf Visible Record Computer.
You won’t be operating in the dark.

NIXDORF
COMPUTER

NIXDORF COMPUTER PTY. LIMITED
SYDNEY
MELBOURNE
BRISBANE
PERTH .................
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Telephone
Telephone
Telephone
Telephone

29-2751
34-8127^
5-2029
21-7976
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Information on

DATEL SERVICE

a service provided by the Australian Post Office for the

TRANSMISSION OF DIGITAL DATA
TELECOMMUNICATIONS FACILITIES

THE DATA MODEM

To enable digital data for computers to be transmitted over
telephone and telegraph lines, the Australian Post Office has
adopted the name “Datel Service” to identify communications
services catering for data transmission.
A "Datel” service is a combination of a particular type of
circuit plus the necessary Modulator/Demodulator (modem)
unit to provide a data transmission facility for a specified
transmission rate.

An integral part of the "Datel Service” system is a component
known as a modem, its function is to convert computer type
signals from the data terminal into a form which can be
transmitted over Post Office telephone lines. The equipment
transmits binary data signals in serial mode. With
asynchronous operation, data signalling rates of up to 1,200
bits per second can be achieved.

Circuits

The Australian Post Office telecommunications system may
be used in a number of ways for data transmission according
to the customer’s particular requirements, such as:—
The Telephone Network

On local and trunk calls at speeds up to 600 binary digits
(bits) per second (on some connections 1,200 bits per
second is attainable).
The Telex Network (Teleprinters)

At the rate of 50 bits per second.
Private Lines (Telephone or Telegraph)

(point to point circuits provided for the customer’s exclusive
use.)
These may be telephone circuits catering for the speed
range 600-1,200 bits per second or telegraph circuits for 50
bits per second operation (75 bits per second on some
routes).
Higher Transmission Rates

— require circuits of wider band-width than the normal
speech line. Speeds up to 48,000 bits per second (240,000
bits per second on some routes) can be achieved.
Input/Output Equipment

The provision of input/output devices, coding and error
control units required to form a complete data transmission
terminal is the responsibility of the user except where
standard Post Office equipment, such as teleprinters, can
be employed.

FURTHER INFORMATION
regarding telecommunications facilities for data transmission
may be obtained by telephoning or writing to:
The Sales Advisory Section,
Telecommunications Division,
G.P.O. (Capital City),
or your local District Telephone Office.

vr

APPLICATION

in the majority of cases, a datel service modem must be
used as the interface between the data terminal and the
telephone system. However, if speeds greater than these
provided by the Post Office modem are required, a different
type of modem, permitted by the Department, may be used.
When transmitting data over very short lines and at slow
speeds, a modem may not be necessary.
OPERATION

By setting up a normal telephone call and when contact has
been established, switching over to the modem and terminal
equipment at the originating end, data can be transmitted
to any similarly equipped terminal. At the lower speed,
transmission of data in both directions can take place
simultaneously, if required. There are no extra charges for
data transmission calls when using the switched network;
customers pay only normal telephone call charges.
DESIGN

The modem, manufactured to C.C.l.T.T. specifications, is
in a pleasing two tone grey metal case and, in switched
telephone network applications, is installed in the
subscriber's premises near the associated telephone and
data terminal, if preferred, however, the modem may be
rack-mounted in a suitable location to meet the subscriber’s
wishes. It is not supplied with a clock.
The Post Office provides a range of standard modems — a
200 bit per second both-way unit and a selection of modems
capable of operation at speeds up to 600 or 1,200 bits per
second.
All new “Datel” service customers are required to use a
standard modem. The use of privately owned modems will
only be permitted where special facilities are required
which cannot be provided by the standard equipment. The
conditions of permission for the use of privately owned
modems stipulate that, as a general rule, maintenance
attention will be undertaken by the supplier. The Australian
Post Office has adopted the foregoing policy in the
light of experience of leading telephone administrations
overseas and the recommendations of the International
Telecommunication Union concerning standards of
performance for modems.

The Australian Computer Journal, Vol. 2, No. 2, May, 1970

If she can
punch youradding
machine she can
punch tape.
(and punch up your computer input)
ne keyboard of the Olympia
add-punch looks like an
idding machine. And it’s as
easy to work, but underneath
that simple exterior lies one of
the most sophisticated
f
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

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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=lii;:ill| Punched card input
has slowed down computers
long enough.

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
27-7451

viii

MELBOURNE
26-3351

CANBERRA
49-7966

ADELAIDE
51-6203

NEWCASTLE
2-5790

BRISBANE
51-5248

HOBART
22-006

PERTH
28-3722

The Australian Computer Journal, Vol, 2, No. 2, May, 1970

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

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

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

VtCil

RCA Limited,
11 Khartoum Rd.,
North Ryde 2113
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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 serve-s customer accounts and your own
X

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 the customer satisfaction
you’re creating.
All because you’re operating in the now.
You can start planning for it today,
a

p* Call UNIVAC today on 27-5128 Sydney or 34-8373 Mel
bourne. Or write to UNIVAC division Sperry Rand Australia
Ltd., 37 Pitt St., Sydney. 2000, or 1st Floor, Kay House,
449 Swanston St., Melbourne. 3000.

UNIVAC

"^SPERW RAND

First in real-time information systems.
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COMPUTER SCIENCES OF
AUSTRALIA PTY. LTD.
is a new organisation formed by the A.M.P. Society and Computer Sciences
Corporation of Los Angeles to provide computer-based time-sharing information
network, professional consulting and education services throughout Australia.
Appointments will be at first in Sydney and Melbourne but later in other major
centres of Australia.
Outstanding opportunities are offered throughout 1970 to qualified professional
and technical personnel in all relevant categories of experience.
The following areas of skill are given as a guide:—

•
•
•
•
•

Communications Engineering
Systems Engineering
Systems Programming
Requirements Analysis, System Design
Applications Programming

Activities involved will include the fields of science, industry, commerce and
government.
In addition we will be employing the following categories for the Time-Sharing
Division operating 1100 series UNIVAC computers.

• Operations Personnel — including managerial and
supervisory positions with a strong technical base.
• Technical Support Personnel
In some of the above categories, it will be necessary for selected high level
personnel to be sent overseas for specific training.
Salaries commensurate with qualifications and proven experience will be
arranged and excellent fringe benefits will be provided.
APPLICATIONS: Confidential. Please apply in writing stating age, training,
qualifications, experience, telephone numbers and any other relevant information
mentioning “Position NR 595” to:—
Executive Selection Division

JOHN P. YOUNG & ASSOCIATES (N.S.W.) PTY. LTD.
Management Consultants,
167 Kent Street, Sydney, N.S.W. 2000
and Newcastle, Brisbane, Melbourne, Adelaide, Perth and New Zealand.
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Now FRIDEN gives you:
Low Price, Systems flexibility
in Magnetic Tape Data Recording.
Some data recording machines are
self-contained. Some are terminal-oriented.
Some even offer limited systems flexibility. Now
the Friden 4300 System offers any configuration in
the same system.
With these new Friden data tape recording units,
you can have precisely the system you need—the
system that best fits your computer input
requirements.
If your system calls for self-contained,
free-standing recorders, the 4301 Magnetic Data
Recorder is your choice.
If you need multiple keyboards with a central
recorder, we offer the 4302 Magnetic Data
Keyboard, plus the 4303 and 4304 Magnetic Data
Central Poolers.
And if you need a combination of self-contained
units and terminals, all four Friden units can be
merged into a unique system.
Apart from systems flexibility and low cost,
Friden's 4300 System offers these advantages:
The alphanumeric characters and programme
codes entered on the keyboard are clearly
displayed. No code deciphering. No need to learn
complicated machine language.
% There are two stored programmes, completely
independent.
sf: Record length can be set for the standard 80
character length or an optional 200 character
length. It can also be variable from 20 to 200
characters.
sfs All operations are logically controlled to guide
the operator through the proper sequence. She
just dials the desired mode of operation and
starts.
You use standard half-inch computer tape. Data
is recorded in either 7 or 9-track computercompatible format.
^ The 4300 System has an optional data
transmission capability.
Interested? Call Friden in your capital city or mail
the coupon below for further information.

SINGER
FRIDEN

V'-6"

DIVISION

f \V®

cX

0>
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Solution of Multigroup Neutron Flux
Linear Equations
By J. P. Pollard*

The Sokolov method of averaging functional corrections is adapted to solution of the multigroup
neutron flux equation for an infinite homogeneous reactor system. Convergence of the usual iterative
methods is improved using direct solution of an associated approximation for the neutron flux.
Calculations undertaken show the method to be quicker than either the Gauss-Seidel iterative method
or the Gauss-Jordan direct method.

1. INTRODUCTION

The neutron flux in an infinite homogeneous reactor
material may be obtained as the solution of an integral
equation. Invoking the energy multigroup approxi
mation for the flux (Pollard, 1967) the problem reduces
to solution of a set of linear equations. As the matrix
of coefficients for the first few equations is lower
triangular, direct solution of the first few equations is
trivial.
We are then led to consider the slightly
reorganized problem
Ax = c,
(1)
where A(N X N) and c(N x 1) are given and x(N x 1) is
the required solution vector. The elements of A satisfy
the following conditions:
u«^0, iyj, i,y=l,2, . . ., N,
(2a)
(2b)
aj} =fj — Z ai}, j = 1,2,.. ., N,
i^j
f, >0,7 = 1, 2,
(2c)
where summation is taken over 1, 2, . . ., N and elements
of c satisfy the condition
ct 2= 0, i = 1, 2, . . ., N.
(2d)
(Here (— au), i y= j is the transfer cross section of
neutrons from one energy group (/) to another (/), /3- is
the neutron absorption cross section for group j, ct- is
the neutron slowing down spectrum and x} is the multi
group flux required to be calculated.) The conditions
(2a), (2b) and (2c) show A to be a monotonic matrix
(Collatz, 1960); therefore A~J exists and
x{ ^ 0, i = 1, 2, . . ., N,
(2e)
from condition (2d).
Splitting A into a readily invertible part A1 and
remainder A2 such that
A = A1 + A2
(3)
the equation to be solved may be written as
Axx = c — A2x.
(4)
The usual (stationary) iterative methods applied to solve
equation (1) start with a trial solution x(0> (perhaps
zero) and employ the iterative scheme
= c — A2x^n"1\ n — 1, 2, . . .,
(5)
until convergence of x(n) is established. For example,
the solution of equation (5) at the nth stage of iteration
for the Gauss-Seidel method is simply

*i(n) = (G —

ZaijXj™
j—i

—

Z atj
.7 = 1+1

x,("-1))/ait.,

i= 1, 2, . . ., N,
(6)
where improper sums are taken as zero. Convergence
of this method is assured from the diagonal dominance
of the matrix A given as conditions (2a), (2b) and (2c)
(Faddeva, 1959).
2. MATHEMATICAL ANALYSIS
We now pursue a modified form of the Sokolov
method (Luchka, 1965 and Pollard, 1968) which is
particularly suitable for solving the multigroup neutron
flux equations. Without inferring that the method is
necessarily suitable for other problems, we may take
equation (1) to be any set of linear equations. The method
then uses a usual iterative method, such as that of GaussSeidel, for solution of a modified form of equation (5)
and uses a direct method, such as that of Gauss-Jordan
(Ralston and Wilf, 1960) for solution of an associated
set of K(s2 N) equations obtained as an approximation
to
§(n) = x(n) _ x(n-i)_

(7)

The modification is to add a term to equation (5) to
give
AlX(n> = c - A2X(n~1> - UKS<m>
(8)
using a subscript K to designate different selections of
the matrix Uk■ Then we have
AXW = c + (A2 - Ux)8(n>, n = 1,2,... (9)
If we take
U0 = 0,

(10)

then we have the usual iterative method, and if we take
Un = A2,
(11)
we obtain equation (1) with
the unknown vector
and we would use the direct method. In general we
require a matrix Uk which in some sense is between the
two extremes given by equations (10) and (11).
2.1 Linear spaces
It is convenient to consider vectors such as x and c
to be elements of an N dimensional linear space $n
with scalar product
N

(x, c) = S Xi C{.

(12)

7=1

*Australian Atomic Energy Commission, Research Establishment, Lucas Heights, Sydney, N.S. W. 2232. Manuscript received December, 1969.
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In this work we are required to choose a set of K linearly
independent vectors of dimension N, if>k> k = 1, 2, . .
K(sS N) as a basis for a K dimensional subspace of
gN, designated SK.
y = Syk

If ye <£+ we may then write
<jjk,

(13)

k=l

where yk, k = 1, 2, . . ., K are the components of y
with respect to the basis <pk and are given as solutions
of the equations
2 (h, M y,c = ('Pi, y), * = i, 2,..k.

k=\

(i4)

If the base vectors are mutually orthogonal, then the
solution would be simply
yk = (>Pk, y)KK
k = l, 2,...,K.
(15)
A suitable choice of base vectors </>*,, k = 1, 2, . .
K for use with Sokolov’s method applied to solving the
multigroup neutron flux equations is discussed in
Section 5.
2.2 Choice of matrix Uk
We make precise the sense in which the matrix Uk
lies between the two extremes given by equations (10)
and (11) by choosing Uk so that the last vector on the
right of equation (9) is orthogonal to the subspace £k,
that is
0Pk, (A, - UK) 8<»>) = 0, * = 1,2,..K. (16)
We thus take
(A[ - U^k = 0, k = 1, 2, . . K,
(17)
since equation (16) is then satisfied for any vector 8<n>,
where T denotes the transpose, and then
Ur—PkA^
(18)
where PK is a (non-orthogonal) projection matrix
(Section 3) such that
Pl'Pk = 4>k, k = \,2,...,K.
(19)
3. PROJECTION MATRICES
A matrix P is a projection matrix if, and only if, it is
idempotent (Halmos, 1958), that is if
P2 = P.
(20)
Obviously P — 1, the unit matrix, is a projection matrix
and there are many others. Of particular interest here
is the projection matrix P’K which projects every vector
xeSN into a vector P 'KX€S‘K. That is for every xed>N we
may write
Ptkx = Sxk 4*k.

(21)

k = 1

In order to simplify Sokolov’s method we take
Pk
t = A?PkA1
(22)
in subsequent analysis and hence P 'K is not an orthogonal
projection (PT
K + pK).
The actual identification of the projection matrix
Pi is unnecessary in the computational procedure as we
will only require the components xk, k = 1, 2, . . ., K.
Nevertheless, it is informative to obtain an explicit
The Australian Computer Journal, Vol. 2, No. 2, May, 1970

expression for P£. From equation (21) it is seen that
we may write
Ptk = VX,
(23)
where V(N X K) is the matrix with columns <pk, ip2, . . .,
i/>K an(i an expressionfor X (K x N) is to be obtained.
From equation (19) we have
PtkV = V,
(24)
then equation (22) gives immediately
XT = A1V(VTA1V)~1,
(25)
provided the inverse matrix (VTA1V)~1 exists, and hence
Pl = V{yrA\V)-x VT Af.
(26)
4. COMPUTATIONAL EQUATIONS
Considering the nth iteration step, the equation to be
solved may be obtained from equation (9) as
8<»> = 80(») - A1~1PkA2 8("),
(27)
where S0<”> = Ak~x (c — Ax(n~x)),
(28)
which is the usual iterative solution in the absence of
the Sokolov approximation for a single iteration. Using
the simplifying selection given by equation (22) we have
Ar1 pk a2 s (*) = Pi ar1 a2s c>,
(29)
and we may seek coefficients b,An'>, k = 1, 2,. . ., K such
that
PlA1-xA28W=ZbkW+k.

(30)

k=l

Now from the way we chose the matrix UK, equation
(16), we must also have
G/q, Ax("> - c) = 0, i = 1, 2, . . ., K,
(31)
from equation (9) and then
0A;> A8("> - A, 80<»>) = 0, i = 1,2,..., K. (32)
Substituting equations (27), (29) and (30) into equation
(32) we obtain the set of equations determining the
coefficients Z>,£(71), k = 1, 2, . . ., K, namely
2 0Pi> A<lik) Z>j>) = (</-,., A2 80 <")), i = 1,2,..., K.
k= \

(33)
Assuming that the matrix composed of elements
(t/if, A<fi^) has an inverse we may write
b.ln) = Zwik yk, A2 80<»)), i = 1, 2,..., K, (34)
fc=i
where wik denotes elements of the inverse matrix.
Considering the need to calculate the coefficients bt >
for each iteration step it is worth while calculating the
matrix once rather than solving equation (33) repeatedly.
The inverse may be readily obtained using the GaussJordan direct method (Ralston and Wilf, 1960).
The last stages for each iteration step are then simply
8(»)=80(«) -/&*(»)
(35)
k=l

and

x(n) =

+8 60.

(36)
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5. SELECTION OF BASE VECTORS
In general no criterion^exists for the unique selection
of base vectors >pk, k — 1, 2,..K. However our choice
may be guided by the following consideration.
Equation (31) shows us that for any ze SK we have
(ATz, x<”>) = (ATz, x), n = 1,2,...
(37)
Hence if we wish to calculate the scalar products
ti = On, x), l = 1, 2, . . L,
(38)
where hh l = 1,2,.. ,, L (A K) are a given set of linearly
independent vectors, we may do so using
U = (hi, *<n>), / = 1, 2, . . ., L
(39)
for any n = 1, 2, . . ., if we choose^ so that the vectors
Zje Sk, l = 1, 2, . . ., L satisfy
AFzx = hb l = 1, 2, . . ., L.
(40)
In general equations (40), the adjoint equations to
equation (1) may be no less difficult to solve than the
original equation. If, however, a simple set of solutions
exists our choice of base vectors should be such that
the decompositions
zi — % hh ’Pk, l = 1> 2, . . ., L
k=1

(41)

are possible, where dlk, l = 1, 2,..., L, k = 1,2,..., K
are any suitable coefficients.
5.1 Neutron balance
Returning to solution of the multigroup flux equations
we find we are led to a natural choice for the vectors
/z;, / = 1, 2, . . ., K. We first introduce a set of K nonuniquely defined integers
0 < /% < m2 < ... < mK_x < mK = N (42)
which are used to describe a vector partition thus: the
kth partition ends on the mkih element of a vector. We
then define 6k as the vector which has all unit elements
within the kth partition and all zero elements outside.
Now we may apply a neutron balance for the kth
partition,
loss from partition = source into partition
(ATdk, x) = (6k> c),
(43)
hence if we take
hk = AWk, '
(44)
the balance is maintained for each iteration step. That
is, we may use x<”), n = 1, 2, ... in place of x in
equation (43). We then have
zk = Bk,k = \,2,...,K
(45)
and we take as base vectors the mutually orthogonal set
+k = ek,k = 1,2, ...,K.
(46)
We have thus reduced the selection of base vectors
to one of selection of K — 1 partition boundaries (so
called collapsed group boundaries in reactor physics
terminology). At present no criterion is available for
selection of these boundaries. Here we are content to
use K partitions of the same size except for the first
which includes any remainder, that is we take
mx = [N/K] + N - K [N/K]
(47)
and
mk = mk_x + [N/K], k = 2, 3, . . ., K,
(48)
where [N/K] denotes truncation of N/K to the nearest
integer not bigger than N/K.
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6. CONVERGENCE
6.1 Analysis of basic equations
Writing x for the solution of equation (1) and defining
(49)
A(,,) = x — x<">,
equation (9) readily gives
(50)
A(n) = S£ A<0), n = 1,2,...,
(51)
where Sfc =
(Ax + Pk A2)~^ (I Pk) A2.
The method will then converge if
(52)
r(SK)< 1,
where r(Sic) is the spectral radius of Sk.
We are unable to show in general that condition (52)
follows for any matrix splitting Ax and A., and for any
projection matrix Pk. Instead we assess convergence,
or not, on the basis of analysis of successive iterations
as the method is applied.
6.2 Analysisjof successive iterations
Convergence of the method as it is being applied
would be established if we could show that
|| A(n) 1/ 11* II ^ *,n ^L,
(53)
where we have used any suitable vector norms and e and
L are the prescribed maximum fractional error in the
solution and a practical limit to the number of iterations
respectively. To apply the test we need an estimate of
|| A(n) II and to do this we need to anticipate iterations
yet to be pursued.
From the definitions given as equations (7) and (49)
we have
3(n) = A(«-1) _ A<”>, n = 1, 2, . . . (54)
and hence
8<«> = SI-1 8h), n = 2, 3, . . .
(55)
In general we cannot proceed without some knowledge
of the number of eigenvalues of Sk with modulus equal
to the spectral radius, r(SA'). Here we assume that only
one pair of conjugate eigenvalues Ax and Ax lie on the
spectral radius. (Later we will include the possibility
of a single real eigenvalue Xx = ± /•(&).) Since Ax
and Ax are conjugate pairs they must both be solutions
of a quadratic equation,
say
A2 — pX + q = 0,
(56)
where p and q are to be determined. As iteration
proceeds and convergence of 8<"> becomes controlled
by the largest modulus eigenvalues, we obtain
S<n> ~ A?-1 dx sx + A^-1 d2 s2, n A M,
(57)
where dx and d2 are constants and sx and v2 are eigenvectors
corresponding to A, and Xx respectively. Hence we have
8<">
+ ?8<"-2> ~ 0, n ^ M + 2, (58)
from equation (57).
Now for a convergent process we have
A<”> = 27 3 <»+*>,

(59)

j=i

and from equation (58) we get
00

E (8(n+3'> - pS^-i+z) + qS<-n-2+A) ~ 0,
J=i

n>M+ 1,

(60)
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therefore we have the estimate
A<n>

P ~g
l — p +q

8

(”)

a — p + q)

S (»-!),

n^M +1. (61)
The approximate terminating condition is then taken as
p —q

l —p+q

8<">

+

q
1 -p +<7

81”-1 > ||

/ll*(B) II
=££. (62)
We are thus led to consider a method for estimating
p and q.
6.3 Calculation of eigenvalues
Following Wilkinson (1954) we may estimate p and q
from taking equality in equation (58) and by selecting
two different indices / and J. We then have
S'") - pb(rl) + q#r2) = 0,
(63)
S'") - pS'"-') + 4S'""2) = 0, n ^ M + 2.
(64)
In this work it was found that p and q are estimated
better by taking
S'"-1) - pS'"-2) + 9S'"-3)
0, n ^ M + 3,
(65)
as the second equation rather than equation (64). This
is because not all elements are equally dominated by the
eigenvalues of largest modulus for a certain stage of
iteration. Defining
rf = S'")/S'"-'),
(66)
y'"-') = 1 - r'"-1)/^"-2),
(67)
then provided the two equations (63) and (65) are not
overdetermining /; and q (as they would if A is a real
single eigenvalue) we have
q = - (/•'") - >•'"-’)) /•'"-1)/y'"-|>
(68)
and
p = r'") + qjr(',nA).
(69)
If |y("-J) | is less than, say, 10“3 we may reasonably
consider the system to be overdetermined with A a real
single eigenvalue and then instead of equation (68) we
take
q = 0.
(70)
Estimates of p and q may be obtained for all iteration
steps n 2: 4 and when estimates from one step to the next
agree to within say a few per cent we accept the estimates.
This procedure serves to fix M in the earlier equations.
6.4 Extrapolation procedure
Rather than simply use the estimate of total error
A'n) (equation (61)) to decide when the iteration
procedure should terminate, we may use the estimate
in the solution process. When our estimates of p and q
are well determined (that is, they do not change
significantly from one iteration to the next) we may
use the extrapolation procedure
x<")* = *("> + A(n),
(71)
at the end of an iteration step, that is after equation (36).
We then continue the iteration using x'">* in place of
x<”).
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7. NEUTRON FLUX EQUATIONS
The matrix A used in multigroup neutron flux
calculations has the properties given as condition (2)
in Section 1. In practice we find that about N2\2 elements
are non-zero and hence the matrix is far from sparse.
In the calculation of the coefficients b^\ k =1,2
n = 1, 2, . . ., (equation (34)) we assumed that the
matrix with elements (tpi} A<pk) was non-singular. We
may readily show this to be so for the neutron flux
equations. Using condition (2) on the dominance of
the diagonal elements of A we have
('Pi, A<pk) ^ 0, i
k,
(72)
and since
then

AT Zh=f> 0
;=i

(73)

Ah) > o
(74)
f=i
and hence
(’Pi, A+{) > - Z (<p{, Ah) > 0.
(75)
i^k
The matrix composed of elements (</<;, Atpk) is thus
monotonic (Collatz, 1960) and the inverse matrix exists.
7.1 Trial calculations
A series of trial calculations of the type encountered
in routine reactor physics work was performed on an
IBM 360/50 using 64 bit arithmetic. The purpose wa1’
to show the possible variation of the spectral radius
of a typical iteration matrix, r(Sic), with the number
of base vectors K and to establish a value of K which
is suitable for normal use.
The Gauss-Seidel method of calculation was used for
determining S£') (equations (6) and (28)) and I, the
index for calculating the eigenvalue A*, was taken so that
|S'2)| A |8p' |, i — 1,2, . . N.
(76)
This selection, which is based on the observation that we
want to estimate the eigenvalue from the largest element
of the iteration vector, was found to work in most cases
studied, even though the largest element appears in
different positions of the vector 8 ("> as iteration proceeds.
Results from one particular problem which converges
ever so slowly using the normal Gauss-Seidel method
(r(S0) = 0.9982) are shown in Figure 1. Here the
calculation used data for an infinite homogeneous
system of D20 at 300 °K with added 1/v absorption
amounting to 0.01 barn/molecule of D^O at a neutron
energy of 0.0253 eV. The data A and c of equation (1)
'
0-2-

It -i-

4

o

6 £
& &
&<b

f4J8
19020
01

l--------- 1-------- 1----------- 1--- 5
01
0-2
0-3
0-4

Figure 1. Variation of Ax(= x + iy) with K
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were obtained from the programme GYMEA (Pollard
and Robinson, 1969). The value of N, the order of the
set of linear equations, was 73.
7.2 Observations on results obtained
Figure 1 shows clearly the marked reduction in spectral
radius r(Sx) as K is increased from K = 0 (corresponding
to the ordinary Gauss-Seidel method). Also the largest
modulus eigenvalue is mostly complex. These obser
vations were also found to be true for the remainder of
the series of calculations undertaken. We are therefore
justified in applying the method to solution of the multi
group neutron flux equations.
A value of K = 10 was found to be adequate for the
type of reactor physics calculations studied. With this
value, and owing to the relatively low accuracy required
of this type of calculation (e = 10-4 used with terminating
condition (62)), convergence was often achieved in 7
iterations. For preparing data plotted in Figure 1 it
was found to be necessary to take extra iteration steps
in order to be able to make a reasonable determination
of the eigenvalue Ax. In practice this means that extra
polation is never achieved, as the method converges
before the iteration vector, 8 <n>, becomes dominantly
controlled by the largest modulus eigenvalues. A time
saving better than a factor of two was achieved using
the recommended value of K compared with direct
solution of equation (1).
8. CONCLUSIONS
The Sokolov method of averaging functional cor
rections applied to solution of the multigroup neutron
flux linear equations is worth while compared with
using the normal Gauss-Seidel method or the direct
Gauss-Jordan method. The fact that the eigenvalue
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of largest modulus of the iteration matrix is often complex
is no deterrent to the use of the method. Application
of the method to more general sets of linear equations
is not immediate however without more detailed under
standing of the variation of the iteration matrix spectral
radius r(Sx) with selection of number, K, and type of
base vectors used for the associated approximation. In
this work, neutron balance fortunately provided a
foundation for the selection adopted.
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The QR Algorithm for Symmetric Tridiagonal
Matrices Using a Semi-implicit Shift of Origin
By J. Boothroyd*

The QR Algorithm is now recognised as the most effective method for computing the eigenvalues
of real general matrices. It is also the most effective method for finding all the eigenvalues and eigenvectors
of symmetric tridiagonal matrices. Development of the method, since its introduction in 1961, has largely
been concerned with improving its speed and attainable precision. The technique of origin shifting is highly
effective in improving the rate of convergence though, for some matrices in which the required shift
is large compared with some of the matrix elements this can result in a severe loss of precision. This
paper describes a method of origin shifting which minimises this loss of accuracy. The results of com
parative tests with other methods are given and an Algol procedure incorporating the method is described
in an appendix.

1. THEORETICAL BACKGROUND

The QR Algorithm [Francis, 1961, 1962, Kublanosskaya, 1961 and Wilkinson, 1965] is founded on the
use of a unitary similarity transformation As+1 = Qr1AsQs
derived from the relations As = QSRS, As+l = RSQS,
where Qs is unitary and Rs is upper triangular. This
transformation preserves the form of an upper-Hessenberg matrix. Since a symmetric tridiagonal matrix is
a special case of an upper-Hessenberg form and as the
transformation preserves symmetry, then if As is
symmetric and tridiagonal, so is As+1.
Moreover, if convergence occurs then As -> Rs, s -> co
and since Ax, is upper triangular and symmetric it must
also be diagonal.
If As has the form:

____

bn—i dn~
bn

1

O

1

(i)

!

b3
d3

i

bs

O

b,

ba

^

dx

and if Qs is the product of a sequence of n — 1 elementary
orthogonal matrices
given by:—

This process is defined by the equations
As — ksI = QSRS
As+1
RSQS A ksI
so that, once again for involutory Qs,
As+1

=

QsAsQs-

(4)

(6)

If the Qs are replaced by the sequence of UP from
(3) the operations required to perform one transformation
of this kind are straightforwardly simple. Early im
plementations of this method [Businger, 1965] separated
the two processes (4) and (5) and this required storage
for the sines and cosines, st and c4 (i = 1, 2, . . . n — 1),
of each of the U(/\ It is possible however to combine
the decomposition and recombination in one algorithm
[Bowdler, et alia, 1968] which, for the notation and
form of As and U(st) given by (1) and (2), may be
described as follows.
step
0q =
1

-1,

= 0, Pl = dx - k,

Wt — — C4_! bi

2 yt = —

Ci_! Pi_!

3 xt = (bi2 + A-2-i>

4
5

bt_x = Si_!

7

di x

*i = 2, ..., n

x4

Cf= Pi-JXi, s{ = bi/xt
6 pt = s{Wi — Ci (di — k)

8 bn
then one transformation As+1 = QSASQS (Qs is now
involutory, Q~l — Qs) is constructed by:—
A,n = (U^-v . . . U™ [/</>) A. (U(/> U™
. . . U(3)
In practical application it is essential to improve the
rate of convergence by the well known technique of
origin shifting. Some well chosen quantity ks is sub
tracted from the diagonal of As, the transformation (3)
is made and the shift is restored.
* University of Tasmania; Manuscript received July, 1969.
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= y{ + S(

snpn, dn

(CfWf

■k))
CuPn i k

+ Si(df

It will be seen that the origin shift k enters into four
of the steps of the iteration and the values computed
in these steps will be more or less in error depending
on the relative amount by which k dominates the relevant
expressions. Bowdler et alia (1968) discuss this effect
on the resolution of the eigenvalues of what they call
heavily graded matrices presented in adverse orientation
which is to say “wrong way up”. For the algorithm
just described such a matrix would be one in which
the values of the elements in the top left hand corner
are relatively small compared with those in the lower
right hand corner. Since the algorithm described in
[Bowdler et alia, 1968] is a QL algorithm working from
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the last row and columns towards the left and upwards
and as the algorithm described earlier is a QR algorithm
working from the top left of the matrix towards the
bottom and to the right, a matrix whose orientation
is favourable for the QL algorithm is unfavourable for
the QR algorithm and vice versa.
In a subsequent paper Martin and Wilkinson (1968)
describe an alternative approach using an implicit
shift of origin. In this paper we describe another solution
which may be obtained by rearranging the steps of the
algorithm so that, wherever possible, terms in k are
separated from the others. This we now describe.
Step 6 may be re-written as:—
Pi = (SiWi — c,di) + c{k =qt + c{k,
where q{ = stWi — c{di, while step 7 becomes
di-1 = yt + Si (CiWi + Sidt) + k( 1 — s*)
and we note that
y{

=

-

Ci-i Pi-i = -

Ci-1 di-1 - c?-1

k.

Making the appropriate substitution and introducing
Zi = —
qt_x the new step 7 is
dt-x = Zi + Si (0^ + Sfdi) + k{s,?_x — sf).
We may replace step 6 by q, — s^Wi — Ctd, and introduce
an extra step pt_x = qt_x + Ci_xk immediately before
step 3. Rearranged in this way the algorithm becomes.
step
0 cx = ■ - 1, Si = 0, qx = dx
1 Wi
Ci—i bi
2A Zi = ' Ci-1 di-1
2B Pi_x — di-1 + ci-lk ,
n
3 Xi = (bi2 +Pt2-i)i
i = 2,
4 bi_x =
Xi
h
5 Ct =Pi-ilXi, Si = bi/Xi
jjWj
Cidi
6 qi
7 di_i = Zi + Si (CfWi + Sidi) +
k(s 2^ - s/)
8 bn
Sndn CnSnk, dn
' Cnqn ~f~ Sn k
and it has been left as an instructive exercise to verify
the changes in step 8.
We note that px_x and qx_x are not required to co
exist and, now that zt has served its explanatory purpose
it may be replaced by yt and the algorithm re-drafted
to make its relation to the original one clearly obvious.
step
0 cx
1
2A

2B
3
4
5
6
7

8

Wi

= —1, sx = 0, px = dx,
= - Ci_!

bi

—
~ ci-l Pi-1
Pi-i = Pi-X + Ci_x k
= (bi2 +Pi2-i)l
Xi
bi-1 = Si-1 X,
yi

= Pi-ilXi,
Pi

— Si VVi

Si = bi\Xi
I'idi

+ Si (dtWi
k (Si x2 - Si2)

di-1 = yi

bn

+

Sidi)

+

= snpn + cnsnk, dn = — cnpn + sn2k

From the above it may be seen that step 6 is free of
any term in k and that the effect of the restoration of
the shift in step 7 is modified by a factor
— ^2).
The only step in which the shift is explicitly applied is
2B. No theoretical justification of this rearrangement

has been attempted but the results of comparative tests
against the performance of the procedures tql2 from
[Bowdler et alia, 1968] and imtql2 from [Martin and
Wilkinson, 1968] show that it is encouragingly effective.
2. PRACTICAL IMPLEMENTATION

The algorithm just derived has been incorporated in
an Algol procedure treigen which yields the eigenvalues
and eigenvectors of a symmetric tridiagonal matrix.
Because the most frequent use of such a procedure is
that of resolving the eigensystem of a tridiagonal matrix
derived by a similarity transformation from a real
symmetric matrix we have associated treigen with another
procedure tridiag, which performs a Householder
transformation of a real symmetric matrix, to obtain
the procedure symqreigen given in the Appendix.
Since any author of an Algol procedure which uses
well tried methods would be unwise to claim complete
originality for even the implementation, some remarks
on the development of symqreigen are appropriate if
only to make acknowledgement to all those whose ideas
have been adapted to produce what is believed to be a
highly efficient procedure.
In its original form, not greatly different, symqreigen
was in operation in October, 1968. At that time the
right transformations in tridiag were accumulated in a
traditional manner for the purpose of deriving the
eigenvectors of the original matrix. The space saving
benefits of the procedure tred2 [Martin et alia, 1968]
were so obviously superior that tridiag was modified to
take advantage of that feature. Treigen has been re
designed also. Originally recursive, since this is a simple,
but not necessary, method of dealing with the decoupling
of the tridiagonal matrix into smaller sub-matrices, its
strategy for handling the decoupled matrices was later
modelled, on T. J. Dekker’s method as used in his
procedure reavalqri described in [Dekker and Hoffmann].
This is an elegantly simple organisation which not
only permits the time-saving advantages of decoupling
but also allows deflation of the matrix as 1 x 1 or 2 x 2
submatrices are isolated in the lower right hand corner
of the matrix.
The original version of tridiag did not use the semiimplicit shift of origin. The existence of procedure tql2
[Bowdler et alia, 1968] became known to the author in
November 1968 and it was comparative tests of treigen
and tql2 in March 1969 which provoked the ideas for a
semi-implicit shift.
It is fortunate that procedure
imtql2 [Martin and Wilkinson, 1968] followed tql2 or the
motivation for seeking an improvement would have
been considerably reduced. Comparision of the Algol
statements of the QR decomposition in treigen and the
algorithm described in section 1 reveal one important
computational difference, apart from minor changes in
notation. In step 3 of the algorithm
3 Xi = (bi2 + Pi2-X)$
there is a danger of underflow if bi and pi:_x are both
small, with the consequent possibility of an error con
dition in the calculation of ct- and s(. This may be
avoided by adopting the method used in tql2 and
imtql2. This affects steps 3, 4 and 5 and the manner in
which the danger of underflow is avoided may be seen
from a study of the details in the Algol program.
It has now become standard practice to use, as the
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origin shift for each QR iteration, the root of smallest
absolute value of the currently lowest 2x2 matrix
unless this choice is not unique in which case the root
of smaller algebraic value is chosen.
The Author’s choice of decoupling criterion will
undoubtedly be contested in some quarters. A sub
diagonal element is deemed to be sufficiently small to
neglect if its value is less than eps times the smaller of
the absolute values of its adjacent diagonal neighbours,
where eps is relative machine precision. It will be
contended that this is an unnecessarily strong condition.
In theory this may be so, but in practice it has been
found to be the most consistently effective criterion
since it first came to the Author’s notice in Parlett’s
1964 Laguerre Algorithm. It has been in extensive use,
not only in symqreigen, but also, since 1966, in LR and
QR programs for general matrices. From comparative
tests against other programs using weaker conditions
there is no evidence to suggest that its use is other than
very effective.
3. TEST RESULTS

The procedure symqreigen given in the appendix has
been thoroughly tested on an Elliott 503 computer.
Separate tests of the procedure treigen have been made
to evaluate its performance in comparison with that of
procedures tql2 and imtql2. For these tests the matrices

X, X, Y, Y, used by Bowdler et alia, (1968), were chosen,
since they demonstrate very effectively the loss of
significance caused by explicit origin shifts on a matrix
presented in non-preferred orientation.
The matrices are defined by:
Matrix X: dx,
= 1, 102, 104, 106, 108, 1010, 1012
b2, ...,bn
10 , 103, 105, 107, 109 , 1011
Matrix Y: As for X with dx = 1.4
Matrix X: As for X with elements reversed
Matrix Y: As for Y with elements reversed.
Matrices X and Y are thus obtained by reflecting
X and Y in their respective secondary diagonals.
The Elliott 503 has a 29 + sign bit mantissa with
round-off such that relative machine precision is 2-28.
The tests reported in [Martin and Wilkinson, 1968] were
performed on a KDF9 for which the mantissa is 39 +
sign bits with machine precision 2^39. The tests with
X, Y, X, Y, are thus considerably more severe on a
503 than on KDF9 and this explains the differences in
the results given below and those quoted in [Bowdler
et alia, 1968] and [Martin and Wilkinson, 1968],
For tql2 and imtql2 the preferred orientations are X
and Y while for treigen these are the non-preferred
orientations. The results below have been arranged to
show the performance of the procedures on matrices in
preferred and non-preferred orientations.

Underlined digits indicate the extent of the corrections needed to yield exact answers.
Preferred Orientations
procedure:
treigen
imtqll
matrix:
X
X
roots:
—9.4634743310+0S
—9.4634743310+08
—9.4634692210+02
—9.4634694110+02
9.9989901710-01
9.9989901310-01
1.0463372110+03
1.0463372410+03
1.0098990410+06
1.00989904lo+06
1.0463377410+09
1.0463377410+09
1.01000001ln+12
1.0100000 lln+12
Preferred Orientations
procedure:
treigen
imtqll
matrix:
Y
Y
roots:
—9.4634742910+08
—9.4634740710+08
—9.4634690010+02
-9.4634688110+02
1.3998586410+°°
1.3998586510+°°
1.0463372610+03
1.0463372610+03
1.0098990410+06
1.0098990410+06
1.0463377310+09
1.04633775lo+09
1.0100000110+12
1.010000011Q+12
Non-preferred Orientations
procedure:
treigen
imtqll
matrix:
X
X
roots:
—9.4634732110+08
-9.4634257910+08
-9.4634714610+02
—9.4638274510+02
9.9989896510~01
9.9988556110~01
1.0463370410+03
1.04630472lo+03
1.0098990910+06
1.0098951810+06
1.0463378210+09
1.04634209lo+09
i.oioooooo10+12
1.01000000lo+12
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tqll
X
-9.4634743310+08
—9.4634692610+02
9.9989901710-01
1.0463372310+03
1.00989904lo+06
1.0463377310+09
1.01000001ln+12
tqll
Y
-9.4634743610+08
—9.4634694810+02
1.3998586310+°°
1.0463372010+03
1.0098990310+06
1.0463377410+09
i.oioooooo10+12
tqll
X
—9.4635112110+08
—1.7969355510+03
o.oooooooo10+°°
o.oooooooo10+°°
1.0095089310+06
1.04633438lo+09
1.01000001lo+12
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Non-preferred Orientations
procedure:
matrix:
roots:

treigen
Y
—9.4634732110+08
—9.4634712010+02
1.3998585710+°°
1,0463370510+07
1.0098990910+06
1.04633782lo+09
i.oioooooo10+12

imtqll
Y
-9.4634257910+08
-9.4638272210+02
1.3998565710+°°
1.04630472lo+03
1.0098951810+06
1.04634209lo+09
i.oioooooo10+12

tqll
Y
—9.4635112110+0S
-1.7969355510+03
0.00000000lo+°°
o.oooooooo10+00
1.0095089310+06
1.0463343810+09
1.0100000110+12

If procedure tql2 is modified to use a semi-implicit shift of origin the results on matrices presented in adverse orientation
improve to the extent that underflow is avoided. If however tql2 is further modified to use the same decoupling
criterion as treigen the performances of these two procedures become more nearly the same.
Results from tqI2 with semi-■implicit shift of origin
X
Y
—9.4634743310+08
—9.4634743310+os
—9.4634693010+02
-9.4634689610+02
9.9989901710—01
1.3998586410+°°
1.0463372210+03
1.0463372610+03
1.0098990410+06
1.0098990410+°6
1.0463377410+09
1.0463377410+09
1.01000000lo+12
i.oioooooo10+12

X
—9.4634732110+08
2.4414062510-°4
i .oooooooo10+°°
9.9999999910+01
1.00989907lo+06
1.0463378310+09
1 ,oioooooo10+12

Y
—9.4634732110+08
2.4414062510-°4
1.4000000110+0°
9.9999999910+01
1.0098990710+06
1.0463378310+09
1.0100000010+12

Results from tql2 with semi-implicit shift of origin and modified decoupling criterion
X
X
Y
-9.4634732110+08
—9.4634742910+08
-9.4634742910+08
—9.4634670610+02
—9.4634693010+02
-9.4634689610+02
9.9989901710~01
1.3998586410+°°
9.9989903610-01
1.0463373910+03
1.0463372210+03
1.0463372610+03
1.00989908lo+06
1.0098990410+06
1.0098990410+O6
1.0463378310+09
1.0463377310+09
1.0463377310+09
1.01000000lo+12
i.oioooooo10+12
1.01000000lo+12

Y
—9.4634732110+08
—9.4634668810+02
1.3998586610+0°
1.0463374010+03
1.0098990810+06
1.04633783lo+09

1 .oioooooo10+12
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APPENDIX

The procedure symqreigen given below is written in
Elliott 503 Algol. Interpreting the few minor differences
from Algol 60 should present no difficulty,
procedure symqreigen (n, a, x, d, eivec); value n, eivec;
integer n; boolean eivec; array a, x, d;
comment finds all the eigenvalues and, if eivec =true,
all the eigenvectors of the real symmetric matrix
a[l:n, l:n]. The eigenvalues are delivered in d[l:n]
and the vectors in x[l :n, 1 :n]. The array a is left intact
unless, for the case eivec =true, the actual parameter
substituted for a is also used in place of x, in which
event the eigenvectors are overwritten on a. To avoid
the need for a dummy array, since an actual parameter
must be supplied even if the vectors are not required,
x = a is appropriate if eivec = false; begin array b[l :n];
procedure tridiag (n,a,x,d,b, eivec); value n, eivec;
integer n; boolean eivec; array a,x,d,b;
comment performs a Householder transformation of
a real symmetric matrix to tridiagonal form. If
vectors are not required (eivec = false) the actual
parameter used in place of a[l :n, 1 :n] must also be
used in place of x. If eivec = true these parameters
may be the same, in which case the eigenvectors
are overwritten on a, otherwise they are delivered
in x[l:n, l:n]. In return for this minor calling
complication the array a will always be preserved
intact unless the overwrite option is exercised.
The diagonal of the tridiagonal matrix is d[l:n]
with the sub-diagonal in b[2] to b[n] of b[l:n]
for which array the bounds must be as stated;
being integer i,j,k, nlessl, il;
real xij, s, h, g, pj, uj, tol; array p, u[l:n];
comment if eigenvectors are required copy a to x
otherwise save diagonal to permit restoration
of a;
if eivec then
begin for i: = 1 step 1 until n do
for j: = 1 step 1 until i do x[i, j]: = a[i, j]
end
else for i : = 1 step 1 until n do d[i]: = x[i, i];
nlessl: = n - 1; tol: = 1.0/(2.Of227);
comment tol should be set at machnegligible/
macheps where machnegligible is the value of
the smallest positive floating point number
represented in the mahine and macheps is
relative machine precision;
comment Householder transformation starts;
for i: = 1 step 1 until nlessl do
begin il: = i + 1; h:=s:=0;
for j: = i +2 step 1 until n do
begin xij: = x[j, i]; s: = s + xij*xij end;
if s > tol then
begin xij: = x[il, i]; s: = s + xij*xij;
g: = sqrt(s); if xij>0 then g: = — g;
h: = s — xij*g; x[il, i]: = xij — g;
b[il]: = g;
for j : = il step 1 until n do u[j]: = x[j,i];
g: = 0;
for j: = il step 1 until n do
begin s: = 0;
for k: = il step 1 until j do
s: = s + u [k]*x[j, k];
for k: = j + 1 step'l'until n do
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s: = s + u [k]*x [k, j];
Pj: = P[j]; = s/h;
g: = g + u[j]*pj
end;
g: = g/(h + h);
for j: = il step 1 until n do
begin uj: = u[j]; pj: = p[j]: = p[j]
-g*uj;
for k: = il step 1 until j do
x[j, k]: = x[j, k] - uj*p[k] - u[k]*pj
end
end
else b[i 1 ]: = x[il, i]; u[i]: = h
end reduction to tridiagonal form;
comment Martin and Wilkinson’s method of
accumulating the transformations on the right
made in the reduction to tridiagonal form;
if eivec then
begin d[n]: = x[n, n]; x[n, n]: = 1.0; il: = n;
for i: = nlessl step — 1 until 1 do
begin if u[i]=A0 then
begin for j: = il step 1 until n do
u[j]: = x[j, i];
for k: = il step 1 until n do
begin s: = 0;
for j: = il step 1 until n do
begin pj: = p[j]: = x[j, k];
s: = s + u[j]*pj end;
s: = s/u[i];
for j: = il step 1 until n do
x[j, k]: = p[j] - s*u[j]
end
end;
for j: = il step 1 until n do x[i, j]:
= x[j, i]: = 0; d[i]: = x[i, i];
x[i, i]: = 1.0; il: = i
else
begin comment restore original matrix;
for i: =1 step 1 until n do
begin xij: = x[i, i]; x[i, i]: = d[i];
d[i]: = xij;
for j: = i + 1 step 1 until n do x[j, i]:
= x[i, j,]
end
end
end tridiag;
procedure treigen (n, t, d, b, eivec); value n, eivec;
integer n; boolean eivec; array t, d, b;
comment finds all the eigenvalues and if eivec = true
all the eigenvectors of the real symmetric tridiagonal
matrix having d[l :n] as diagonal and b[2] to b[n] of
b[l:n]as sub-diagonal. Note that b[l] is used by the
procedure but may be undefined on entry. The
vectors are delivered in t[l :n, 1 :n]. On entry this
array should be initialised to the identity matrix by the
calling program unless the tridiagonal matrix is the
result of a similarity transformation, in which case
t should contain the accumulated transformations
on the right which have been made in that reduction.
The method used is QR transformation with semiimplicit shift of origin;
begin integer i, j, il, m, en, nlessl; switch sw: =
scan, test;
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scan:

test:

60

real di, dil, dn, dnl, bi, s, c, u, v, w, x, y, r,
shift, eps;
comment n is called by value and changes as the
transformation proceeds, en retains the original
value of n. eps is relative machine precision;
en: = n; eps: = 10 — 8;
comment detect negligible off-diagonal elements;
nlessl: = n — 1; m: = 1; il:=n; dil: =
abs(d[n]);
for i: = nlessl step — 1 until 1 do
begin di: = abs(d[i]); ifdi < dil then dil: = di;
if abs(b[i])<eps*dil then
begin m: = il; goto test end;
il: = i, dil: = di
end;
comment test if a single root lias been isolated;
if m = n then n: = nlessl else
begin dnl: = d[nlessl]; dn: = d[n];
u: = b[n]; v: = 0.5*(dnl — dn)/u;
s: = sqrt(l .0 + v*v);
s: = u/(v + (if v > 0 then s else — s));
comment test if a sub-matrix of order 2
has been isolated. If so reduce it to diagonal
form with one Jacobi rotation;
if m = nlessl then
begin d[n]: = dn — s; d[m]: = dnl + s;
if eivec then
begin x: = s/u;
c: = 1.0/sqrt (1.0 + x*x);
s: = x*c;
for j: = 1 step 1 until en do
begin u: = t[j, m]; v: = t[j, n];
t[j, m]: = c*u + s*v;
t[j, n]: = s*u — c*v
end
end;
n: = n — 2
end
else
begin comment choose origin shift;
shift: = dn — s;
if v = 0 then
begin v: = dnl + s;
if abs(v) < abs (shift) then shift:
=v
end;

comment QR iteration with semiimplicit origin shift on tridiagonal sub
matrix extending from row m to row n;
c: = — 1.0; s: = v: = 0; dil:
= d[m]; il: = m;
for i: = m + 1 step 1 until n do
begin bi: = b[i); w: = — c*bi;
y: = — c*dil;
dil: = dil + c*shift;
if abs(dil) > abs (bi) then
begin r: = bi/di 1; x: = sqrt
(1.0 + r*r);
b[i 1 ]: = s*dil*x; c: = 1.0/x;
s: = r*c
end
else
begin r: = dil/bi; x: = sqrt
(1.0 + r*r);
b[i 1 ]: = s*bi*x; s: =1.0/x;
c: = r*s
end;
di: = d[i]; w: = s*w;
dil: = w — c*di; u: = v;
v: = s*s;
d [il ]: = (c*w + v*di + y) +
(u — v)*shift;
if eivec then
for j: = 1 step 1 until en do
begin x: = t[j, il]; y: = t[j, i];
t[j, il]: = c*x + s*y;
t[j, i]: = s*x — c*y
end;
il: = i
end;
shift: = s*shift;
b[n]: = s*dil + c*shift; d[n]: =
— c*dil + s*shift
end QR iteration
end;
if n > 1 then goto scan
end treigen;
if eivec then tridiag (n, a, x, d, b, true)
else tridiag (n, a, a, d, b, false);
treigen (n, x, d, b, eivec)
end symqreigen;
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The Development of an Information
System for a Manufacturing Company
1. The Feasibility Study
By L. A. Webster *

Most companies have been involved at some time or other in a Feasibility Study. The
success of such a Study can generally be measured by the action which follows. If this
criterion is accepted then the Study outlined in this paper was an outstanding success. The
paper covers the period from when the Study was launched up to the time when Project
Teams were formed to commence working on systems development.

This is the first of a series of articles outlining the
growth and development of computer usage in what is
today considered to be a very successful installation in
one of Australia’s major manufacturing companies.
The first article tells the story of the Feasibility Study
carried out in 1965-66. The events which followed in
dicate that the approach used in this Study had much
to recommend it. Readers who are members of com
puter departments in companies which are “standing
at the cross-roads” today, as we were then, may find
the article to be of value to them.
The Company
John Lysaght (Australia) Limited is a manufac
turer of steel products. The company is primarily en
gaged in producing steel sheet and coil for use in the
following industries:
Automobile manufacture;
packaging and containers;
consumer durables;
furniture and office equipment;
building;
machinery;
electrical equipment.
The head office of the Company is located in
Sydney.
The major manufacturing plant is located at Port
Kembla, a second minor plant at Newcastle. Service
Centres, which do a limited amount of final processing
are located in each State.
Sales offices are spread throughout Australia, in each
capital city and a few other selected cities.
Product is distributed in three different ways, direct
to customer, through merchant distributors and through
the Service Centres where final processing is carried
out. In the case of roofing and walling material, the
basic steel coil is sold from the manufacturing division
to a Service Centre which then sells the final product
to a distributor.
In 1966, when the Feasibility Study was carried out,
* John Lysaght (Australia) Limited, Port Kembla.

the total sales tonnage was 724,000. In 1969 this had
risen to 950,000 tons.
The total number of employees throughout all divi
sions of the Company is around 6,000.
The Picture in 1965
Lysaghts had been making use of data processing
equipment since 1947, first with unit record equipment
and later with a small computer.
At one stage three small installations existed within
the Company but by 1965 this had been reduced to
two, one at Newcastle and the other at Port Kembla.
The former consisted of a calculator, tabulating
machines and ancillary unit record equipment. The
latter installation housed an 8K 1401 computer and its
ancillary unit record equipment. All applications were
based on card systems—no disks or tapes.
Existing systems were the traditional accounting ap
plications to be found in most data processing instal
lations at the time. Staff Payroll, Works Payroll (a
good system which has stood the test of time), Invoic
ing, Debtors, Stores Inventory and Product Inventory,
were on the list, together with some other minor
accounting applications.
Computer usage was also fairly “normal” for that
period of time in Australia. The Port Kembla instal
lation, for example, operated one full shift plus some
overtime at busy periods. The meter on the 1401 clock
ed up about 150 hours per month.
LAUNCHING THE FEASIBILITY STUDY
Senior management members of the company realised
that the full potential of data processing equipment was
not being realised. They realised that opportunities
must exist within a company of this size, but that the
opportunities which would yield the greatest ultimate
benefit could only be unearthed by a detailed study.
They also realised that such a study, to be effective,
must be a full-time activity and should cover all areas
and aspects of the company’s operations.

Manuscript received December, 1969, in revised form March, 1970.
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Feasibility Study

The Team
The Feasibility Study Team was forriied in July,
1965. The Team consisted of four people who were
relieved of their normal duties for the full period of the
Study—about twelve months.
All members of the team were Company employees,
service ranging from two years to twenty-eight years.
All had experience in data processing, from three to
eleven years. It is fairly obvious that experience in
data processing and a good knowledge of Company
operations would be an advantage, but the attitude of
personnel is also important.
The people carrying out a feasibility study must be
flexible in their thinking because the successful use of
computers in most cases requires a break with the
tradition associated with manual methods. The com
puter is an enormously powerful instrument which can
open hitherto closed doors. Everything is possible until
proved impossible (or maybe too costly!).
Subsequent events have suggested that the com
position of the Study Team could have been varied to
advantage. Representation of operating departments
may have eased the introduction of computer-based
systems at a later date. If the Team remained together
throughout the Study it is quite possible that one person
with E.D.P. experience would be adequate. In our
case, since the Team split into two pairs for lengthy
periods, we would have probably required a minimum
of two such people.
The Study Brief
The broadest possible scope was given to the Study
Team. This was definitely one of the major contri
buting factors towards the success of the exercise. No
doors were closed, and no activities were considered
to be outside of the scope of the Study. For this reason,
no formal brief as such was set up, but instead the
Team was asked to report on any aspects of Company
operations which deserved comment, whether related
to data processing or not. In the specific area of data
processing they were instructed to report on the fol
lowing aspects:
(a) The extent to which the company’s business infor
mation requirements in the future should be met
by A.D.P. systems, and the use of A.D.P. equip
ment for business decision-making, planning and
control.
(b) The best methods of catering for the unique re
quirements of the separate physical establishments
within the company, whether there should be one
or more computer installations, and what use
should be made of data transmission equipment.
(c) The use of process control computers and auto
matic recording devices and their place in the total
scheme.
(d) The prospects of external integration with sup
pliers, customers and bankers.
(e) Hardware configurations and software to achieve
these ends.
(f) An appropriate organisation structure, and
(g) Suggested timed steps with planned applications to
achieve the eventual total integrated system.
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Timing and Cost of the Study
It was proposed that the entire Study should be com
pleted within twelve months and that this time should
be divided as follows:
1st stage—six months:
Investigation of the company’s needs, inspection of
other Australian companies’ developments, study of
overseas information, initial formulation of basic con
cepts in approach to Company’s problems without
arriving at firm proposals.
2nd stage—three months:
Overseas visits to A.D.P. installations, equipment
suppliers, and consultants, to compare local basic con
cepts with developments in other countries.
3rd stage—three months:
Sifting of knowledge and experience gained, re
appraisal of approach to Company’s needs, formulation
of a plan for progressive implementation of a system
and reporting.
Although the eventual allocation of time was varied
slightly the general principles were adhered to.
The total cost of the Study, including salaries and all
local and overseas travelling expenses, was estimated
to be in the vicinity of $60,000.
MANAGEMENT CONFERENCES
The Study Team, when they came together for the
first time, looked at the rather formidable task which
lay ahead of them. It is very easy to talk about carry
ing out a feasibility study but where do we begin and
how should we go about it?
The members of the Team very quickly decided that
they would not get very far on their own. They had
been given the time and the opportunity to get away
from their normal duties and carry out the investiga
tion but it was an investigation on behalf of the man
agers at various levels within the company. It would
be these managers, or their successors, who would
“require” the “business information” referred to in
the brief given to the Team.
It was obvious that these managers must become
involved in the Study. They would be able to make a
maximum contribution only if they had a reasonable
understanding of the uses, facilities, advantages and
disadvantages of computer equipment and systems.
With the permission of the Managing Director a twoday conference was arranged, to be run six times on
consecutive week-ends, and attended by just over one
hundred senior company personnel from directors down
to middle management level. These sessions were held
during August and September, 1965.
Aims of the Conference
The communication advising personnel that the con
ference would be held set out the aims of the confer
ence as follows:
“To obtain acceptance by management at all levels
of the need to conduct the Feasibility Study, to dis
cuss with them their contribution to its effective con
clusion; to broaden their understanding of the uses of
computers and associated equipment, and to dis
cuss the role of modem management information
techniques”.
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Format of the Conference
The conference was held on a Friday and Saturday
at the company’s Training Centre.
A director of the company attended and participated
in each session. He briefly opened the session by in
dicating to those attending the importance of the con
ference and of the Feasibility Study itself.
The Manager, Administration and Finance, who was
responsible for initiating the Study, then explained why
it was necessary at this particular time. He went on to
introduce the Team members and describe how they
would operate. The Study program was outlined and
the need for management participation was empha
sised.
The remainder of the first day was given over to par
ticipation in a computer version of the “Management
Game”, which was supplied by IBM (Australia), from
10.30 a.m. until 9.30 p.m. The personnel who attend
ed the conference were divided into three syndicates
who were “running” three different companies in com
petition. This program is readily available from the
computer company and we had very little difficulty in
setting up and running the “game”.
The decision was made to devote almost 50% of the
conference time to this exercise because it enabled the
participants to become directly involved in a computer
controlled process. It gave a vivid portrayal of the
potential of a computer, particularly the speed with
which data could be absorbed and information gene
rated.
Without exception, all of the conferees enjoyed this
part of the session and many millions of dollars were
“made” and “lost”. Throughout the day, the members
of the Study Team acted as runners for the syndicates
and maintained graphs of the performance of the rival
“companies”. In the evening, when the game was con
cluded, a review session was held and the graphs were
displayed while each syndicate reported on their per
formance to their “Board of Directors”.
To wind up the first day, the participants met to
gether informally to discuss the day’s activities and the
success or otherwise of their respective “companies”.
On the second day, the Study Team members gave a
series of talks covering Management Information
Systems, Computer Equipment and the concept of
Total or Integrated Systems. After the talks, a final
discussion period was held and the Study Team answer
ed any questions from the group relating to the Study,
to computers, and information systems in general.
Conferees also discussed among themselves how they
would best assist in making the Study a success.
Success of the Conferences
The conference sessions were an outstanding suc
cess. In the immediate sense it provided an opportunity
for the Study Team members to meet in advance the
management people they were to interview later during
the course of the Study. This alone made the exercise
worthwhile. Acceptance of the Team in all areas of the
company, as the Study progressed, was excellent.
The conference achieved its aims because the man
agers were well prepared when the Team visited them
to seek information and ideas. It obviously whetted the
The Australian Computer Journal, Vol. 2, No. 2, May, 1970

appetites of those who attended and aroused their in
terest in computers, so much so that they were later
to grow impatient because it took so long to satisfy all
of their demands. At the time of writing many re
quests still remain unfulfilled.
A tribute must be paid to the Training Department
which performed a magnificent job in organising the
sessions. Not a hitch occurred during the six sessions.
THE STUDY ITSELF
The first phase of the Study was carried out between
September 1965 and April, 1966.
Development of a Program
During the six weeks while the conference sessions
were being held the Study Team set about developing a
program so that all areas of the company could be
adequately covered by four people in six months.
A PERT diagram was prepared in order that the
meagre manpower resources could be deployed effec
tively. Already two of the available twelve months had
been given over to the conference sessions.
One very useful suggestion had emanated from the
panel discussion at one of these sessions. This was
that the Team should make one quick pass around the
major centres of company activity. This “exploratory
phase” was undertaken to:
(a) Determine a broad picture of all present and
future requirements on a company-wide basis and
relate these requirements to each other.
(b) To establish priorities among the activities to be
studied in detail, and
(c) To decide on the allocation of time and resources
to the detailed study of major areas and activities.
At first glance it would appear that more time was
being frittered away but this proved to be a very suc
cessful manoeuvre and the Team is indebted to the con
ference group which made this suggestion.
A period of four weeks was devoted to this ex
ploratory phase and the first Progress Report was
issued at that time.
The Detailed Study
This phase extended from early November, 1965,
until April, 1966.
There were three major divisions of the company to
be studied in depth and a further Progress Report was
issued at the completion of each stage.
During this period a lot of territory was covered
around Australia and the Study Team worked in two
pairs in order to complete the fact gathering mission on
time. Much of the data collected proved to be very use
ful at a later stage when application development com
menced.
As stated earlier the Study Team had been given a
very wide brief and the Progress Reports covered mat
ters which the Team believed were deserving of im
mediate attention. In most cases these bore no relation
to the use of computers. A number of worthwhile im
provements in company methods of operation were
brought about as a result of these recommendations.
Up until this stage the Team, in accordance with the
original brief, had reached no firm conclusions and
made no recommendations about the future use of
computer equipment within the company.
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pleted and all but the last few reports had been typed
and distributed to interested parties by the time the two
team members arrived back in Australia.

OVERSEAS MISSION
Two members of the Study Team were sent over
seas to investigate developments in the use of com
puters and other associated equipment. Quite a num
ber of the companies visited were in the same business
as our own and we planned to look at their general
organisation, and methods of administration.
Since Australia is so isolated from Europe and
America a trip such as this is an expensive affair and
we were determined to make it as profitable as pos
sible. Many hours of personal research were carried
out and the aid of equipment suppliers was enlisted in
trying to determine the best places to visit.
In some respects the results were disappointing. As
a warning to others it should be pointed out that articles
in overseas publications can often paint a falsely
glamorous picture. One should read between the lines
to ascertain what is being done rather than what some
theorist has proposed should be done. One installation
which was to be one of the highlights of the trip turn
ed out to be particularly disappointing.
Despite the fact that our aims were made quite clear
to equipment suppliers we also felt that some of them
let us down quite badly. Local suppliers had infor
mation about installations overseas which used their
equipment but were unable to supply us with details of
applications and achievements. We were quite con
vinced that they sent us to the wrong places in many
instances. Though this sometimes became evident
while we were away, time did not permit us to make
amends by further visits. During a more recent trip
a very interesting installation could have been missed
for the same reason. On this latter occasion time was
available to correct the situation.
One also has to be careful about the relative scale of
activities. Although our own company is fairly large
by Australian standards, some American companies in
the same line of business are so large that comparisons
are useless. One company, for example, had a seven
storey building which housed nothing but computers
and computer staff. This is reminiscent of the old story
about the operator at the U.S. Bureau of Census and
Statistics who, when asked what his job was, replied
“I sort on column 1”.
Taking this scale into account is obvious that Aus
tralia could be quite proud of its achievements in the
data processing field. However, being in an environ
ment where the greater resources ensured that there
would be more knowledge and experience available
certainly helped to broaden one’s outlook!
A small, portable dictating machine was taken over
seas and reports on the visits to the various companies
were taped during or immediately after each visit. No
more than two days was spent with any company and
in most cases the duration of the visit was one day only.
So much had to be observed and absorbed in a small
space of time that this practice was found to be
essential. It is not always convenient or polite to take
down notes during discussions and plant tours. The
human memory is not very reliable and, under such
circumstances, very quickly becomes a muddled mess
of facts and figures.
The tapes were mailed back home as they were com

THE FINAL REPORT
During the detailed study, volumnious notes were
taken. These were assembled together and charts were
prepared showing the broad information flow within
the company.
From these it was possible to determine those areas
where data processing could be used to provide infor
mation needs. The next step was to establish priorities.
As is inevitable in seeking out areas for the applica
tion of computer systems, volume of activitity is a selfdetermining factor. The major manufacturing division
of the company singled itself out for special attention.
Which functional area, however, should receive
highest priority in the plan for development? Tradition
ally, the use of computers had been directed towards
accounting applications.
The Study Team recom
mended, however, that priority should be given to the
processing of customers’ orders and the manufacturing
of products to fulfil those orders. The three main fac
tors supporting this recommendation were:
1. Selling and manufacturing were the mainstream
activities in the company.
2. The receipt and processing of customers’ orders
formed the base of the information triangle within
the company. All other activities were offshoots
from this mainstream flow.
3. Unless the base data being gathered is accurate it
is not much use developing sophisticated applica
tions in other areas, such as accounting.
A detailed report was issued by the Feasibility Study
Team to formally complete the Study. It may be in
teresting to indicate that the report was written three
months after the initial steps were taken to implement
the recommendations.
The overseas trip was completed in June, 1966,
eleven months after the Study was launched. The man
agement of the company was anxious to quickly gain
a return for the money invested, and the Team was
instructed to submit its recommendations immediately.
Fortunately, the Team had reached the conclusions set
out above and was able to take this unexpected request
in its stride. It was very gratifying to know that the
events surrounding the Study had aroused so much
interest.
Ignoring this fact for the moment, and returning to
the report itself, its contents were as follows:
A. An introduction which set out the reasons for the
Study and described the planning activity.
B. A recapitulation of the observations made during
the Study of company operations. Most of this
information had been covered in the Progress Re
ports.
C. A summary of the reports on visits to overseas com
panies. The details recorded on each visit were re
arranged and presented under a series of subject
headings such as:
D.P. Organisation within Companies.
Systems Approaches.
Equipment in Use.
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Data Transmission.
Applications.
D. Recommendations and proposal for implementation.
IMPLEMENTATION PROPOSALS
It was proposed that a top level Steering Committee
be formed to set objectives, to be an active body initiat
ing and directing action, to resolve contentious issues
and measure performance.
Two major projects were to be initiated, one to de
velop a system for the commercial processing of cus
tomers’ orders and the other to develop a system for
production recording in the major manufacturing
division.
A third project involved extension of the data pro
cessing activities at the second but smaller manufac
turing division. This project would operate independ
ently of the other two except where co-ordination was
necessary.
Project Teams were to be formed, under a new project
co-ordinator, each Team to be given a systems brief
and a clear set of objectives. It was proposed that the
objectives should be set by the Steering Committee, a
timetable be prepared by the Project Team and ratified
by the Steering Committee.
Project Teams
It is considered that a little more detail about the
setting up of the first two project teams is warranted.
All members of the Project Teams were recruited
from within the company. The Team members them
selves represented a cross-section of experience from
as many functions as possible — Sales, Technical,
Accounting, Production and Data Processing.
The Steering Committee was established, under the
Chairmanship of the Managing Director, with repre
sentatives from each division of the company. The
Steering Committee chose the two Project Team Lead
ers and set down objectives.
The Team Leaders chosen were selected from the
function which was most involved in the particular
project. The order processing project was Sales orient
ed and the Manager of a State Sales Office was chosen
as leader. A Production Superintendent was chosen to
lead the second Project Team.
This selection of Project Team Leaders was to
prove a major contributing factor in the ultimate suc
cess of systems implementation. These two men were
ideally equipped to represent their disciplines, and, as
implementation progressed, were able to confidently
represent the systems team they were managing.

The Australian Computer Journal, Vol. 2, No. 2, May, 1970

THE PROJECTS
1. Commercial Order Processing
The original plan envisaged that this project would
cover:
(a) Order Entry.
(b) Raw Material Providing.
(c) Despatch.
(d) Invoicing.
(e) Debtors.
The second project lay between (b) and (c).
This first project was intended to cover the process
ing of a customer’s order from the time of receipt,
using master files to build up individual order records,
providing documentation as required, calculating raw
material requirements and issuing the actual raw
material orders. It would then pick up when production
was complete and carry out the remaining “commer
cial” operations up to the point where money was
received from the customer to conclude the trans
actions.
2. Production Recording
The second project was to receive order records from
project 1 and its systems would commence with the
receipt of raw materials.
The four main applications to be covered were:
(1) Tracking of material through the plant and main
taining inventories at the various stock locations.
(2) Scheduling of production units.
(3) Preparation of performance reports covering the
operation of plant units or facilities.
(4) Reporting on the status of customers’ orders as
they move through the plant.
The Feasibility Study Team, from its observations
overseas, favoured the development of an on-line
system, using terminals on the plant floor, but it was
left to the Project Team to prepare a final recommen
dation on this aspect.
CONCLUSION
Just over four and a half years have gone by since
the Feasibility Study commenced. This has been an
extremely busy period for the writer who has, on many
occasions, spent a few minutes contemplating the suc
cess of the complete operation, and felt that computer
personnel in other companies may be interested in the
approach used. Many companies have already passed
through this phase of development but no doubt there
are those who have yet to take the plunge.
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Improving Programming
Performance
Z?y Hugh F. Brophy*

There is relatively little written or discussed about programmers, who represent a large
part of the investment in computing. This paper attempts to focus attention on an under
standing and evaluation of the programming task, suggesting ways to improve the pro
grammer’s lot, and to raise his productivity. It is important to realise that the programmer
is involved in human problem solving, and communicating not only with the machine, but
with other people. His ultimate product will reflect his creativity, efficiency and ability to
communicate.
To get more from the programmer, we should provide him with better tools, train him
in the use of those tools, and standardise and manage his performance. Several specific
ideas and suggestions are given, many of them having been already instituted in a few
organisations.

Introduction
Development in the still new world of computing is
based on interaction between man and machine. The
focus of attention has been on the machine, and a
deal of publicity has been afforded the eminent “suc
cesses” of computer applications.
Perhaps this is because manufacturers are interested
only in selling more and bigger hardware, rather than
highlighting problems of programming and man/
machine interface.
The purpose of this paper is to shift the spotlight on
to the human element of this man/machine relation
ship and to discuss the real world of computing — not
one of glittering success, but rather riddled with fail
ure. Failure in this context is defined as proving unable
to live up to expectations and operate within estimates.
The need for increased productivity can be well
served by an earnest look at the programming task and
an attempt to make it more efficient. Programming is
here defined to include the whole process of program
production including analysis, design, coding, testing,
debugging and supervision.
A programmer is widely treated as grist for the
mill and his task regarded as low-level translation. This
attitude explains why almost the sole concern in dis
cussion about programmers is that there is not going
to be enough of them.
The attitude is reflected in the training and use of a
programmer’s skill. He is taught the language(s) and
whatever else he needs to operate and left thereafter
to his own devices. On the job, he is told what is
known about requirements and broadly left alone until
he comes up with some results.
Constantin quotes the attitude of a University: “Pro
grammers perform a detailed, complex, but routine
clerical task involving the translation of algorithms into
language forms acceptable to computers.” (Constantin,
1968).

We need to recognise that programming covers a
lot more than the knowledge of a language and the
ability thereby to communicate with a machine. The
programmer is involved also in communication with
people and further, and most importantly, he is solving
problems all the time. The ultimate product will re
flect to a high degree the ability to communicate as well
as the creativity and efficiency of the programmer(s)
involved.
One of the reasons for the “failures” mentioned
above is the general ignorance of just what comprises
this programming task. It is the contention of this
paper that the efficiency of programming can only be
improved after an evaluation of the task, and an appre
ciation of the skills involved. What is said relates pri
marily to large-scale business data processing systems,
but most of the basic contentions are relevant to all
systems.
Briefly, we will get more from the programmer if we
introduce:
(i) better tools.
(ii) better use of available tools.
(iii) standards and evaluation.
IMPROVING THE TOOLS

The basic tools of programming are of course the
languages, which are discussed in great detail in the
literature. There is a deal written about the “efficiency”
of various compilers and assemblers, meaning the
speed of execution of the object code and the speed of
achieving this code from the source program.
What is often overlooked is the efficiency of use of
the language by the programmer — the ease of coding,
the meaningfulness of source code, informatory mes
sages and other aids provided by the system. Standard
programming languages should be adopted wherever
possible. An urgent plea that might be generally made
is for meaningful and more specific diagnostics during
compilation, loading and testing.

*Commonwealth Bureau of Census and Statistics, Newlands St., Canberra.
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One of the biggest problems facing the computer
world is the growth of incompatibility and differences
in file structures and conventions often based merely
on differing whims. There are two ways to tackle this
problem — to introduce and enforce standards to re
duce differences, or to generalise the software to accept
various forms of input and provide options for manipu
lation and output. Standards are discussed later.
Generalisation can help not only in this problem,
but also by removing drudgery and reinvention which
takes place as programmers separately attack problems
which can be discerned as varying only in minor detail.
At the Commonwealth Bureau of Census and Statis
tics in Canberra, five broad areas were delineated into
which the bulk of programs could be classified:
(i) creation of files.
(ii) editing of files.
(iii) updating of files.
(iv) table generation.
(v) report generation.
Work is proceeding to provide users with generalised
programs to handle all of these tasks. A Generalised
Table Generator was available for use in 1966 (Wilson
and Brophy, 1967; Ion, 1969), a Report Generator is
nearing completion (Brophy, 1969) and generalised
file creation and editing are being specified.
There are also programming techniques which are
either generated within one’s own organisation or from
outside. It is important to disseminate these ideas, since
some of them have wide applicability and can greatly
increase programming efficiency, e.g., rule-masking
techniques for editing.
There needs to be a continual upgrading of program
ming techniques to account for hardware changes, not
only in speed and size, but in kind. For example, as
random access secondary storage becomes available,
there is a tendency for a programmer to use it just as he
would intermediate tapes. He needs to become familiar
with the special methods for making the most of such
devices — indexing techniques, directory decoding and
list processing, etc.
All this boils down to a need for continued improve
ment of the tools of programming and a continued dis
semination of new ideas in a dynamic scheme of train
ing.
IMPROVING THE APPROACH
No matter how fast and efficient the software, any
programmer is still capable of slowly and inefficiently
writing programs which execute slowly and inefficiently.
The programmer can increase the efficiency of his
program by abiding by common-sense rules. These
have been spelt out for many years (McCracken, 1963),
but tend to be overlooked. In particular, they are rarely
part of a training course in programming.
But the efficiency of the final object code is not the
sole consideration — often of even greater cost and
importance is the man and machine time taken to de
sign, code and test it. There seems to be a too-ready
acceptance of the programmer’s human frailty and
continual correction and re-testing of programs as a
way of life.
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Getting it Right the First Time
It is important to develop techniques to guarantee
as far as possible that the logic is right first time, and
the number of test runs is reduced to a minimum.
Again, such techniques ought to be introduced during
initial training, where most inefficiency seems to be
born. The full range of techniques for designing solu
tions ought to be taught to the programmer so that he
can choose the best combinations for given tasks.
The flow-chart is still the most generally used device
for recording the detailed logic of the solution and the
standards recently issued by the Standards Association
of Australia should improve communication.
Decision Logic Tables
In the U.S. Bureau of the Census, decision logic
tables are used with FORTRAN to great advantage in
achieving this object.
The logic of the solution is developed by filling in
the decision table, using FORTRAN statements. A
start is made in the central part of the solution, rather
than as the King gravely told Alice in Wonderland,
“begin at the beginning, go on till you come to the
end, then stop.” In a recent text, the King’s advice
was wrongly applied to programmers.
In solving problems, beginning at the beginning tends
to make one lose sight of the real problem; and the
middle tends to give rise to beginning and ending con
ditions rather than vice versa.
The decision tables are filled out, using symbolic
labels and retaining the distinction between conditions
and actions. When the problem solution is finished, the
tables are completed by filling in necessary declarative
statements and changing labels to arithmetic statement
numbers. One then copies straight to coding sheets.
During checking of punching and testing reference
is always made to the decision logic tables. The attrac
tion of these tables is that they present in deceptively
simple form the logic of the solution and they force an
exhaustive consideration of sets of conditions that
might arise.
A program called TAB40 which runs at the U.S.
Bureau of the Census on the UNIVAC 1107 accepts
input written in the form of Decision Logic Tables and
converts it to FORTRAN IV. TAB40 itself is written
primarily in FORTRAN IV. A similar program has
been developed at the Bureau of Census and Statistics
for use on the Control Data 3600 (Jones, 1969). Decision
logic tables can also be converted into COBOL.
Thus decision tables offer not only a superior tech
nique for recording the logic of certain kinds of prob
lem solution — e.g., editing, scanning, updating — they
are capable of being translated by TAB40 or a similar
program into object code. The resultant code may
sometimes be inefficient, but it has a relatively good
chance of being error-free.
At the Australian Bureau of Census and Statistics,
students in the programmer-in-training course are
taught the fundamentals of the Iverson notation (Iver
son, 1962) and encouraged to use Iverson charts to
design problem solutions. Such charts are useful for
many storage and retrieval problems and are capable
of being converted into FORTRAN almost statementfor-statement. IBM has recently released APL/360,
which is the implementation for 360 users of the Iver
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son notation in the form of a powerful assembler. There
are versions also for the IBM 1130 and 1500 compu
ters.
In these two cases the language of the problem solu
tion description has become the programming language.
COBOL of couse is another example of a language
that is good in providing powerful self-documenting
features, when properly used.
Comments and Remarks
In a source program, frequent annotation often
proves invaluable in later testing and development.
“Comments and remarks” features are generally avail
able in compilers and assemblers, but many program
mers ignore them, especially when writing in FORT
RAN. Comments ought to be regarded as part of the
working program — providing communication with
other humans and an immediate record of detailed ele
ments of the solution. Comment blocks can be inserted
to describe the operation of subroutines, or blocks of
coding. Such practices ought to be mandatory since
they prove invaluable if a program is later tested or
modified by other than the original programmer. Fancy
coding ought to be avoided for this latter reason, or at
least fully explained in remarks.
Choice of Arrays
Even a simple thing like the judicious selection of
arrays and their names can simplify coding and reduce
the possibility of errors. The names of arrays ought to
be part of the documentation, wherein their use should
be defined. Parameters and frequently used arrays ought
also be defined in the source code by way of “com
ments.” The choice of names may also be important.
The mnemonic value of a name like IBPWCXMM is
far outweighed by the ease of coding and less likelihood
of mispunching of a simpler name (such a name
once had mnemonic value for a programmer who will
remain nameless). Most of the above ideas on documen
tation have been incorporated into documentation stan
dards at the Bureau of Census and Statistics (1969).
The Loneliness of the Long-Distance Programmer
There is a tendency for a programmer to be left
alone to wrestle with his task until either he or his
program is finished. There is a supervisor of course,
but he has little time to do more than specify the job,
ensure the programmer is working on it and evaluate
eventual results as best he can.
This approach denies the validity of the psycholo
gist’s theory on human groups. As Sprott says, people
“are prepared to put forth greater efforts if they are
members of a team than they would if they were work
ing on their own” (Sprott, 1958). Man likes to work in
groups for many tasks. In the solution of problems
there are marked individual differences, derived from
differences in innate ability, in experience and know
ledge and from all kinds of unknown and chance ele
ments. By working together, the solution found tends
to be more efficient and found more quickly.
In programming, which is basically problem solving,
the theory holds true, at least for the larger programs.
A small group of 2-3 persons seems to be ideal for gain
ing a complete understanding of problems and contin
gencies, designing solutions and programming and test
ing. The group approach takes advantage of special
6S

skills and experience which members may have. Delibe
rate choice of functional specialisation may be made
by management (Brandon, 1963). Further, one man’s
inspiration may save another tortuous efforts along
fruitless paths. Members can check each other’s logic,
refute each other’s theories and offer alternatives.
Most of all, members can stimulate each other’s in
terest and provide mutual motivation and sustenance
during the long period of developing a successful pro
gram.
Constantin calls for a recognition of the human prob
lem solving involved in programming and suggests
that there is a lot to be gained from the application of
knowledge and experience gained in other fields (Con
stantin, 1968):
“If programming is a human problem-solving pro
cess, then clearly, psychology and particularly the
psychology of problem solving, applies . . . The prob
lems of stimulus binding and functional fixity, the
effects of considering alternative approaches, and the
influence of program complexity, have all been studied
in engineering and the results apply to programming as
well.”
Of course, there are exceptions to the rule; certain
types of people, or combinations of types, do not work
well in a group. But, broadly the group approach seems
well-suited to the larger tasks of programming.
Documentation
One of the poorest features in the general program
ming approach is the paucity of useful documentation.
As Maher has noted, “in a very real sense, documenta
tion is largely the only tangible product of the de
velopment process” (Maher, 1963). But, documenta
tion is generally regarded as drudgery by programmers
and either overlooked, or sketchily and inaccurately
developed. The result is that programs are often largely
rewritten when the original author has left for greener
pastures.
But a statement that documentation is important
is repeating what people have been saying since com
puters originated. The trouble has been that it is diffi
cult to document something that is riddled with incom
patibility and a lack of standards. The development of
standard COBOL and FORTRAN will make documen
tation easier and pave the way for automatic documen
tation.
Standards for documentation must be developed,
implemented and enforced and more of this is said in
the next section. Samples of standard manuals are
given by Brandon (1963) and Lecht (1967); the Bureau
of Census and Statistics (1969) have also developed a
standard form of manuals incorporating pre-printed
forms. The GUIDE documentation manual provides
some useful ideas (IBM, 1968).
An excellent technique in documenting is to provide
cross-references to the program in the manual and
references to the manual in the “remarks” contained in
the source code.
These manuals ought to be developed as soon as
programming commences — i.e. with the statement of
the problem. If there is a production group which is
going to be responsible for regular running of the pro
ject they should receive system documentation as it is
prepared to enable appreciation and preparation.
The Australian Computer Journal, Vol. 2, No. 2, May, 1970
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What is required is a documentation package, into
which the programmer feeds details of programs and
which maintains the standard documentation. Source
code could be maintained and flow-charts produced.
This would ensure at all times that the program bore
some resemblance to the description in the documen
tation — an uncommon phenomenon.
At the U.S. Bureau of the Census, it is proposed that
documentation of data tapes for the 1970 Population
Census be maintained via an IBM Administrative Ter
minal System. The documentation is to be stored on
random access devices and updated via the remote ter
minals, which are similar to IBM Selectric typewriters.
This system would remove some of the drudgery from
maintaining documentation and allow timely updating.
Whatever the technique, the production of meaning
ful, standard documentation is invaluable in largescale data processing. One participant in the Systems
Development Corporation Symposium (Maher, 1963)
was willing to invest 75 cents per research-anddevelopment dollar in software documentation.
STANDARDS AND EVALUATION
The need for standards is three-fold:
(i) to improve communication between people in the
data processing field.
(ii) to facilitate interchange of programs.
(iii) to facilitate the evaluation of the programming
task.
Because of the general ignorance of what the pro
gramming task is and because there are few standards,
there is little attempt to evaluate programmers other
than on the intuition of supervisors. Certainly, mana
gers would like to be able to make better cost and time
predictions and better choice and allocation of their
programming staffs, but in the absence of standards,
this is very difficult. And so we will look at the pro
vision of standards first.
Brandon (1963) promulgates standards in great de
tail, for all elements of the programming task. How
ever, in the light of the creativity and varying techniques
of programming, Brandon’s comment that “program
ming lends itself extremely well to the establishment of
a rigid discipline” (p.70) is incorrect. One can set up
standards for charting, choosing mnemonics, formatting,
labelling, etc. — but not for “thinking.” Brandon tends
to equate programming with low-level translation, all
problem-solving being separately performed by “sys
tems analysts.” Such a dichotomy is rarely practical.
Many of the problems delineated by Brandon have
been solved by recent operating systems and compilers
and his standards tend to be unnecessarily rigid and
detailed. However, he does have many useful sugges
tions for standardising charting, tape labelling, docu
mentation, project numbering, call routines, variable
naming, program segmentation, comments, macros,
etc. Lecht’s book offers similar useful suggestions and
is more reasonable and recent.
The U.S. National Bureau of Standards is currently
engaged in studying the U.S. government needs for
standards and works closely with the USA Standards
Institute (USASI). In particular, it is stressing standard
COBOL and FORTRAN sets and an OCR character
The Australian Computer Journal, Vol, 2, No, 2, May, 1970

set. These will reduce the problem of incompatibility
and facilitate interchange of programs by reducing
machine dependence. By adhering to such standards,
programmers will enhance the value of the finished pro
ducts.
The third of the needs for standards listed above has
been rarely confronted. Some work has been done on
programming evaluation, however and it would seem
most useful to attempt some form of measurement.
(Maher, 1963; Brandon, 1963; Brandon and Kirch,
1964; Lecht, 1967; Farr and Nanus, 1964; La Bolle,
1966.)
It is suggested (Brandon, 1963), that such evaluation
would:—
(i) aid budgetary control and progress reporting.
(ii) aid scheduling.
(iii) assist in evaluating programmers for advancement.
Civ) help optimise placement of programmers.
(v) supply information for the evaluation of different
techniques.
(vi) help detect and correct errors in the system or gaps
in communication.
The first time a program is assembled, data could be
collected on the programmer(s) involved, the techniques
used (language, logic tables, etc.), the time to design
and code and perhaps a supervisor’s assessment of
complexity.
On subsequent resubmissions, the time taken, type
of termination, reason, scope and nature of corrections
and perhaps the effect of previous (apparent) failure
could be collected.
The programmer might also advise whether he dis
covered something previously unknown to him, or dis
covered apparent system irregularities.
There are obviously problems associated with the
definition, collection and analysis of such information.
It is of course easy to over-document and management
decisions have to be made on what data to collect. But,
its collection over a fairly long period (6-12 months at
least), will give rise to an ability to gauge performance
against standards and to gain an improved apprecia
tion of what is happening in programming. Individual
differences and preferences may be appreciated and
exploited. The best techniques might be chosen. Esti
mates of progress (“programming is 96% finished”),
might become more meaningful.
La Bolle has produced some cost equations (La
Bolle, 1966) for computer program production. These
may be useful as a guide, but really are little more
than a record of what actually happened in a fairly
small sample.
The PROP system (U.S. Dept, of Commerce, 1967),
developed by the U.S. Bureau of the Census, is a man
agement information system covering the planning and
reporting of data processing systems — especially the
large-scale collection and dissemination of statistics.
It is an automatic system which accepts special forms
on FOSDIC (Film Optical Sensing Device for Input to
Computers) and produces progress reports at various
management and organisational levels. The quality
and progress of performance is thus continually
monitored and corrective actions and modifications can
be made to the system.
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At the Commonwealth Bureau of Census and
Statistics, the organisation includes a Program Design,
Analysis and Standards Section whose responsibility is
to develop and enforce desirable programming and
operating practices. Work has commenced on program
resubmission analysis.
CONCLUSION

Managers’ emphasis on technological progress in the
computing world has been at the expense of a lack of
appreciation of the humans involved in programming.
The resultant human tableau exhibits high turnover, low
morale and low professional involvement. Programmers
are often faced with tasks beyond their individual
ability; some high-calibre programmers are on the
other hand often discouraged by low-level tasks. And
all programmers are generally left alone to wrestle
with problems in an unstable environment with unreal
istic deadlines. Many do not see programming as a
career with long-term opportunities.
But, great returns await the investment of time and
energy in an attempt to understand and improve pro
gramming performance.
Managers need to improve the stability of the external
group within which programmers work. The enforce
ment of standards is essential to this stability, as is the
provision of a buffer between programmer and user to
minimise specification changes or to stage them rather
than allow an endless dribble. Stability would be fur
ther enhanced by improved documentation, which
would allow an easier flow of responsibility between
programmers, and reduce dependence on individuals.
The environment would also be improved by the
provision of better programming tools and by removing
much of the pain and drudgery from programming.
Generalised packages ought to be developed to handle
repetitive tasks — perhaps even the irksome but
essential job of developing complete, accurate, stan
dardised documentation.
Within such an external group small groups of
programmers could operate more efficiently — and
the group approach ought to be used as much as
possible out of an appreciation of its application to
the task of problem-solving, and a recognition of the
human problems involved.
Finally, training needs to be greatly improved. Some
managers who claim they cannot afford to give more
than a couple of weeks’ sketchy introduction to one
language are either deluding themselves (in which case
they get the kind of programming they deserve) or
they are parasitising those organisations which have
faced up to their obligations.
We are involved in a new profession requiring new
management principles which have not yet evolved.
Carr (1967) sums up the situation:
“The classic challenge has been that programming
lacks: (1) an ordered body of knowledge, (2) active
interaction between the field’s practitioners and that
body of knowledge, and (3) a systematic educational
process for imparting the knowledge to new entrants
to the field. How are we meeting this challenge?”
The answer must yet be in the negative. An ordered
body of knowledge is taking shape, but lagging behind
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technological developments and new programming
demands. There is insufficient dissemination of new
techniques and interest in the work of others.
Admittedly this is partly due to the incompatibility
which plagues the field. And the “systematic edu
cational process” is widely absent.
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Some Aspects of Data Processing
Management in Australia
By A. Y. Montgomery*
The purpose of this paper is to identify and to discuss the major problems currently
being faced by Data Processing Managers in Australia and where possible, to offer solutions.
Problem identification proceeds by drawing on the author’s experience in data processing
installations in the U.K., U.S.A. and Australia and by review of articles published in
Australian professional data processing journals and bulletins.
It is concluded that the most pressing problems stem from the location of the data pro
cessing department within the organisation structure, from difficulties in developing quan
titative evaluations of costs and benefits for proposed systems, from an inability to set realistic
staff performance goals and from rapid technological change.
The solutions offered are derived from the application of general management principles
and from an evaluation of techniques being used to solve similar problems overseas. The
hope is that this paper will present the problems and peculiarities of data processing manage
ment to other managers in a form familiar to them, whilst at the same lime urging data
processing managers to look outside their own field for solutions to their most pressing
difficulties.

INTRODUCTION
The responsibilities of data processing managers are
fairly universally recognised as consisting of the fol
lowing broad sub-divisions:
(1) Management of computer operations.
(2) Management of programming effort.
(3) Management of systems analysis and design.
(4) Long-term planning and policy setting (including
equipment and software selection).
These sub-divisions seem appropriate enough in
view of the usual sequence of events leading from a
line-departmental request for a feasibility study,
through program specification, writing and testing to
data capture and processing and finally to results dis
tribution. This chain of events is depicted in the form
of a work flow chart, Figure 1.
Figure 2 presents the organisation charts of a num
ber of Australian data processing departments which
appear to support the broad sub-divisions outlined
above. In this paper each sub-division is discussed
from the point of view of management functions by
considering firstly, the personnel-oriented activities of
hiring, motivating and training, and secondly, techni
cal facets of planning, organising and controlling.

(a) Computer Scheduling, Operating and Maintenance
The major problem faced by computer operations
managers is the scheduling of resources to meet user
department delivery time deadlines whilst still satisfy
ing computer operating personnel requirements for pay,
leisure, job satisfaction and promotion.

REQUEST

Objectives
Define Scope
Problem Definition
Define Criteria of Evaluation
Analyse Current System
Define Model of New System
Management Appraisal

>esign
terations

Specify Detailed System

Design Details of System
Write & Test Programs
Capture Data
Create Control Totals
Process Data through Computer
Check Computer Results against Controls

RESULTS.
Aud i t

Distribute Results
Check Results against Needs

Figure 1. Work flow chart from feasibility request to
results production.

Department of Information Science, Monash University, Clayton, Victoria, 3168.
form April, 1970.

The Australian Computer Journal, Vol. 2, No. 2, May, 1970

Inter-Relation-

Implementation

Production

(1) Computer Operations Management
As illustrated in Figure 2, organisation chart A, this
task is frequently delegated to a computer operations
manager who has several sections to administer:—
(a) computer scheduling, operating and maintenance,
(b) data capture and preparation,
(c) data control.
The tasks of data distribution and supplies manage
ment are not considered to be major problem areas.

Test Model for Deficiencies

Manuscript received February, 1970; in revised
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ADMINISTRATION

Figure 2a:

EDP Department Organization Chart for a
transportation firm.

Figure 2b: EDP Department Organization Chart for a large
merchant firm.

iENERAL MANAGE!

CHIEF

CHIEF
AUDITOR

TAXATI ON

SECRETARY £
TREASURER

INFORMATION
£ COMPUTER

COMPUTER
£ OPERATIONS

ANALYSIS £
IMPLEMENTATION

PROGRAMMING
COMMERCIAL,

Computer operators form the sharp end of the data
processing function. A computer facility which on
paper is only 80% utilised on a single shift can be
forced to operate two or more shifts if operators make
errors leading to re-runs. Reference to Figure 3
reveals that in a survey of U.S.A. users, some 30% of
total computer cost was expended in computer opera
tions, whilst machine rental accounted for another
37%. Clearly, not all this 67% is expended at the
discretion of the operating staff but the discretionary
element is sufficiently high to single out this area as
the one which, above all others in the computer
department, will benefit from close control and a mini
mum of staff turnover.
ft does not seem to be generally recognised by per
sonnel officers that computer operators and clerical staff
cannot be equated, despite the minimum basic formal
education requirements of effective operators. People
involved in actual computer operation are subject to
continuing heavy strains due to the need to process all
data requirements through a machine which is con
tinually on the verge of complete operation. At the
same time scheduling staff need to have unusually high
frustration resistance to be able to cope with incessant
demands for favours, cajoling and needling from user
departments as well as suffering the exigencies of the
equipment. My experience indicates that a single
antagonistic edp operating staff member can be
responsible for friction and recriminations in every
department of the organisation. The cost, measured
in terms of organisational disfunction, of acquiring
operators with appropriate temperaments or training
new operators can be considerable. These special tem
peramental attributes and the heavy market demand
for trained operating personnel need to be borne in
mind when considering provision of incentives for long
term computer operator service with the company. A
planned career path is as necessary for computer
operators as for any other member of staff.

INFORMATION
SYSTEMS

TECHNIQUES 6
TRAINING

PROGRAMS

EXPENSE
EXPERTS IN
HARDWARE,
SOFTWARE,

EQUIPMENT
PLANNING
FOR IMPROVE-

FIELD OFFICES

DATA PREPARATION,
OUTPUT CONTROL,

Figure 2c:
EDP Department Organization Chart for an
International Petroleum Products Marketing Organization.
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TOTAL ANNUAL

Up to
$500,000

$500,000

$1.0 Million $5.0 Million $20.0 M.

to
$535,000

to
to
$4.9 Million $19-9 Million

£ Up

All
Companies

Figure 3: Composition of Computer Department Expenses for
Selected 33 U.S. Companies—1966 (Taylor and Dean, 1966)
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Effective control can only be wrought if operators
have clearly stated operating procedures and are moti
vated to strive for some quantitatively stated goals.
Measures of number of re-runs, timeliness of run com
pletion and demonstrated initiative to solve difficulties,
should be regularly sampled and used to control
operating performance.
The computer room may be likened to a “jobbing
shop” in that the time to complete a single job may
vary from one minute to a number of hours; set-up
takes place for each job and not all jobs require full
use of all available facilities. Computer production
scheduling is complicated by the need to process a
number of jobs as a “task”, that is to process the first
sub-task or job prior to processing the second sub-task.
This need of rigid sequence of processing can result
in a marked decline of effective machine throughput,
compared with the situation where the only processing
constraints are data arrival-time and result availability.
The situation is further complicated where multi
programming equipment is used and equipment break
downs take place. Realising the importance of effective
scheduling on machine throughput, computer pro
grams have been developed which facilitate detailed
decision-making on the best job sequence having
regard to the expected processing times for individual
jobs, the total available processing time, job arrival
times and the time by which each output is expected
(Gallery, 1968).
This is the first of a number of examples mentioned
in this paper of using the computer to effectively
manage its own complexities. (See also Brown, 1969.)
(b) Data Capture and Preparation
Girls involved in punching and verifying computer
readable media have an exacting, repetitive and rather
unglamorous task. It is noticeable that turnover rates
tend to be higher and output rates lower in large
organisations than in the small ubiquitous back-room
punching services. Perhaps lower turnover rates and
high productivity may be explained by the slightly
higher margins for skill offered by the small organisa
tions, but it seems equally probable that the more
intimate contact with supervision, the greater variability
of the task and the greater overall responsibility
demanded of girls in the small organisations could be
favourably affecting productivity (Rothlisberger and
Dickson, 1939).
(c) Data Control and Distribution
In the U.S.A. some thought has been given to the
need to expand the job of those involved in the manual
processes of data validation, check total creation and
rectification of errors highlighted by the computer,
referred to here as data control. If these tedious tasks
are not carried out painstakingly the effective time for
organisational response can be significantly increased
since an erroneous document, say an incoming sales
order, might be processed two or three times before it
is accepted into the computer system and thereby
made available for actioning. Here, as in the case of
data preparation, there seems a case for attempting to
give employees on repetitive work greater discretionary
powers—for example, by allowing data controllers to
The Australian Computer Journal, Vol, 2, No. 2, May, 1970

partition work as they please—thereby allowing
greater task variability and for instituting group
incentive schemes for quality and throughput.
(2) Management of Programming Effort
(a) Manpower Selection
Hiring, firing and motivating programmers presents
as large a headache here as overseas, partially because
practitioners cannot reach agreement on the expected
capabilities of a programmer (is he a creator or is he
a clerk?) and partially because of the variability of the
task to be performed. The term programmer is applied
to people whose work ranges from closely supervised
translation of detailed flow charts into computer coding
sheets, to prime responsibility for selection, specifica
tion, and setting to work of million-dollar computer
projects.
Without a clear definition of the term “programmer”
there is little hope that the problem will be simplified
in the short-term. Some clarification of the matter
may be obtained by listing the tasks specific to pro
gram completion (Table 1) and comparing the tasks

1. Determination of long-term and current manage
ment needs for information systems.
2. Planning, organising, and controlling to meet man
agement information needs.
3. Determination and specification of management
objectives within the scope of a specific request,
and developing time-tables for the execution of
each request.
4. Determination of criteria of evaluation of system
performance.
5. Specification of broad procedural requirements of
a system in the form of flow charts, decision
tables and verbal description.
6. Analysis and specification of long-term processing
needs including software and hardware.
7. Scheduling of programming work to meet stated
time-tables.
8. Determination of installation programming stand
ards.
9. Determination of run sequence and scope.
10. Definition of file formats and program structure
including space allocation.
11. Specification of the data contents and formats for
both source and reports.
12. Understanding the objective to be achieved by an
individual program and how this program will
cross-connect with others in the suite and on the
installation.
13. Drawing detailed flow charts from the block flow
chart decision tables and verbal description of pro
gram function and structure.
14. Determining the validity of the flow chart by
reference to the specification originator(s).
15. Preparing detailed documentation of program
structure and operating procedures.
16. Writing computer language instruction to carry out
the functions depicted in the flow charts.
17. Sending coding sheets to be transliterated into
some computer readable form—the source program.
18. In co-operation with the computer, checking the
program for syntactic errors.
19. Checking the logical operation of the program with
trial data.

Table 1: Various tasks carried out by “programmers”.
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Position Held

Tasks

Programmer in Training (Class 4)
15-19
Assistant Programmer (Class 5) ........ 12-19
Programmer (Class 6) ....................... 11-19
Programmer (Class 8) .......................
9-19
Senior Programmer (Class 9) ........
7-15
Senior Programmer (Class 10) ......
3-12
Principal Programmer ..........................
1-4

Salary Range
$4,66445,183
$5,35645,875
$6,04846,512
$7,43947,670
$8,01648,363
$8,70949,055
$9,40149,747

Table 2: Rough correspondence between tasks and Common
wealth programmer categories.

with the categories of programmer defined by the
Commonwealth Public Service (Table 2). The categories
defined in the U.S. Department of Labor and
Industry document (U.S. Department of Labor, 1965)
are purported to give useful working definitions of the
skills and responsibilities covering the complete pro
gramming spectrum, but unfortunately this document
was not to hand at the time of writing. Some useful
guidance could clearly be found in the document which
could serve as a suitable basis for recruiting and re
compensing programming staff.
There is now a plentiful supply of young people
flowing from technical colleges and universities who
are effective at the trainee programmer level. To
obtain these positions a university degree is most often
preferred and a programming aptitude test is almost
universally administered.
Some organisations believe it worthwhile to subject
potential programmers to full personality profile tests
to gain a measure of motivation, as in other personnel
assessment fields; much controversy surrounds these
tests. Attempts have been made by a sub-committee
of the Australian Computer Society to learn exactly
how programming aptitude tests are administered, how
they are interpreted and what correlation has been
found with on-the-job performance. However, most
firms have refused to divulge information on this sub
ject to the committee, remarking simply that the tests
are sufficiently good for the purposes for which they
are used.
The problem of validation of aptitude tests is a
contentious one (Dickman and Lockwood, 1967). If
sufficient work is done to validate a set of tests there
is a danger of question details becoming so widely
available that they lose the power to test for anything
but minimal power of recall. No matter how good a
single test may be, it cannot reasonably be used as the
sole criterion of a person’s ability to perform on-thejob in a particular organisation. From the survey con
ducted on Melbourne computer owners by O’Hoy
(1968) it seems that aptitude tests are rarely used as
the sole criterion but are frequently used as the final
arbiter, “other things being equal”.
Such results as have been published on the efficacy
of programmer aptitude tests lead one to believe that
there are tests available which provide moderately
good prediction of the technical skills required for
programming, but do not provide a satisfactory indica
tor of capability at the process of “systems analysis”.
Since promotion often takes place from the Trainee
Programmer class upwards to Systems Analyst, one
/4

must conclude that many worthwhile potential analysts
are rejected by the tests, whilst the promotion scheme
forces analysts to be drawn from a group not necessarily
suited to the analyst role. It is here that the additional
personality profile and vocational interest tests are
said to be useful (Cannon and Perry, 1967), since by
sampling behaviour and motivation, applicants with
“all-round” abilities can be selected, some of whom
might aspire to, and prove proficient in, a systems
analyst type of position.
Above the raw-recruit or trainee level the criterion
most uniformly applied is number of years experience,
those with a working knowledge of a particular
machine, programming language and application-type,
seemingly in decreasing order of importance being
preferredt (Brabb and Hutchins, 1963). This prefer
ence may be explained by observing that, despite
strenuous attempts at standardisation of programming
language facilities and data-exchange codes, there exist
manifold differences in the characteristics of efficient
programs on different models of computer. It may
take three to six months for an otherwise experienced
programmer to become proficient on a new machine
and more than a year before the expert level is
reached. Thus, despite advances in computer languages,
it still remains true that it is easier to teach pro
grammers accountancy or economics than to teach
programming to the accountant or economist.
I
believe we will find the order of preference mentioned
above will continue to apply for many years to come,
particularly with small E.D.P. consumers.
Two years’ experience is usually considered suffi
cient to create an experienced programmer from a
trainee, the periods between the higher levels being
determined more by demonstrated skill on the job than
by years of service. It is here that a major bug-bear
of the industry still exists. Programmers who are pre
pared to be mobile can usually expect to fare better
by moving jobs after completing their initiation rites,
which process consists largely of learning “buzz
words”. At present there appears to be no end to the
appetite for trained programmers who therefore hawk
their wares to the highest bidder, making claims about
work achievements and responsibility which are diffi
cult for the D.P. manager to assess without an ency
clopaedic knowledge of the type of work in current
production within the E.D.P. departments of numerous
organisations. Even personal contact with his former
boss is not necessarily enlightening, for that boss may
be pleased to have him quit!
No single method yet exists which will always select
effective programmers, nor will the availability of
credentials from technical college or university pro
vide a panacea, for course contents vary widely and
are not commonly promulgated. Some amelioration
might be expected when the professional body defines
a measuring-stick and militates for its universal appli-

f In an informal survey of E.D.P. vacant-position advertise
ments carried out over the last five years I have noticed
that only rarely is application knowledge even stated to be
desirable.
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cation. At least we in Australia are unlikely to be
afflicted by the malaise currently suffered in the
U.S.A., that of a number of competing professional
associations each vying for member allegiance and
each striving to become the pre-eminent body. How
ever, we may have considerable internal conflict to
resolve with which society our professional body
should become affiliated. Hopefully, when examina
tions are introduced, Australian professional associa
tion credentials will be nationally recognised.
Manpower selection will be considerably simplified
if the skills, responsibilities and temperament essential
to successful job performance can be specified with
reasonable precision. Although only a partial solution
to the specification and a priori measurement of skills
exists, E.D.P. managers can and should follow good
management practice and define responsibilities and
temperaments with the aid of material developed over
seas as a first step towards grappling with this difficult
problem.
(b) Programmer Motivation
Despite careful selection of applicants on the basis
of native ability, a problem of achieving an output
approaching maximum capability still exists. Managers
realise the dangers of insufficient programmer super
vision which may lead to errors remaining undetected
for many months, or years, eventually causing con
siderable organisational disruption. Because of this
strong chance of organisational disfunction, pro
grammer output is subjected to fairly stringent cross
checks and controls by both peers, superiors and the
computer. Detailed flow charts are checked before
coding is permitted, completed coding is checked
against the flow chart by another programmer, program
operation is checked against trial-data defined by the
systems analyst, and the computer itself demands a
very stringent discipline. All these controls on a
person—one who avows that he is creative in nature
and yearns to be given his head—must certainly
generate some tensions.
It is not surprising therefore that in many installa
tions there is considerable friction between the systems
analysts—who are often accounting and commerce
trained with little E.D.P. insight—and the programmers
who usually have a science or mathematics background
and possess little insight into the machinations of eco
nomics, accountancy or management. Add to this the
fact that the systems analysts have offices in other
parts of the building and most lunch with their other
company acquaintances, some of whom are in near
top management echelons, and it is perhaps easy to
appreciate a lack of communication between these two
groups. This communication gap is reflected in the
widely-held programmer belief that the systems
designed by analysts are unworkable or could easily
be radically improved; attempts by programmers to
explain to the analyst the basis of his criticism require
that he start teaching him computing equipment and
software technicalities. The analyst in this situation
feels that unnecessary technical difficulties are being
introduced to block the completion of his creation.
Two approaches to this conflict between disciplines
are common. These approaches are to expand the pro
The Australian Computer Journal, Vol. 2, No. 2, May, 1970

grammer’s job to that of systems analyst/programmer
or to have the systems analyst write his own programs.
Both these approaches are fraught with danger because
of the average programmer’s natural distaste for docu
mentation and the average analyst’s abysmal facility
for coding. In both cases there is another pitfall.
The systems study is conducted and scrappy notes are
made of the salient features. When the specification
seems clear, programming commences but is inter
rupted by a number of trips to the “customer” to
clarify certain points; these modifications are incor
porated in the program but are not even jotted
down, let alone fully documented. After the program
has been operational for a number of months program
changes are, inevitably, requested. By this time the
details are no longer remembered, nor are they docu
mented. The result is that modifications are incor
porated which upset program functions other than
those being “improved”. Almost without exception,
installations having no formal boundary between analy
sis and implementation have problems in reaching the
fully-correct state with new programs and in success
fully modifying old programs. In my opinion, the
minimum effective boundary is reached where systems/
programmers are required to complete and have
approved a complete set of system analysis documen
tation before commencing detailed programming work;
formal documentation may slow the original implemen
tation but helps ensure that programs are maintainable
in the future.
Systems analysts/programmers are obviously justifi
able for small data-processing installations on grounds
of economy, but even on such installations S.A.P’s.
tend to suffer from a type if schizophrenia (Gibbs,
1966). It will become more apparent in the section
on Managing Systems Analysts that the skills and
temperaments of systems analysts are rather different
from those of the programmer. The successful systems
analyst needs to be sensitive to organisational goals
and individual management needs. He is essentially a
broad-view “people” person with some insight into
computing techniques (Hart, 1968). The professional
programmer has a need to refine his own special skills
of language, hardware knowledge, program logic and
structure and system documentation. To be proficient
his concern needs to be with fine detail and “things”.
The systems analyst needs time to contemplate, to
weigh alternatives, to perceive political under-currents.
The programmer ideally is capable of rapid implemen
tation of a specific plan of action. An appropriate
balance between these two factors is difficult to define.
Yet more difficult is it to find recruits with this balance,
should definition prove possible.
The solution to the problem “programmers versus
systems analysts” has been the formation of project
teams. A project team is a group who have found
mutual compatibility and who possess, overall, the
necessary tools and experience for complete project
definition, system analysis, computer systems design
and program completion.
Each is still formally
responsible for the completion of his task but a con
siderable degree of discussion and co-operation takes
place amongst the team members, particularly during
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the systems analysis-design phase. It is during these
group discussions that each realises and appreciates
the constraints and requirements of the others and a
solution is created by the team which suffices on all
constraint boundaries. The team leader is ultimately
responsible for all decisions, so that there can be no
vacillation of the “committee-indecision” type.
Whereas design iterations can take place very
rapidly within a single person’s mind but be poorly
documented, they take place extremely slowly between
two people with conflicting goals and therefore in
noisy communication (Leavitt, 1965), despite excellent
documentation. The programming manager’s aim is
to implement and maintain computer systems with a
minimum of superfluous red tape documentation; this
seems to be most easily achieved with organisation into
programming teams. New members to the team are
sometimes selected by the current members, they most
certainly have their offices together and usually have
considerable social intercourse. The result is better
co-ordinated effort and a better assurance that there
is always somebody on site with knowledge of the
overall project status. Each team is assigned to a par
ticular area, or in very large organisations can tender
estimates for a job on a competitive basis with other
teams if the thought of a change of work-type is
cherished by sufficient team members.
My experience indicates, however, that no matter
what the break-up of systems analysis/programming
work, the systems analyst needs to have a better than
passing knowledge of the full gamut of data process
ing procedures—right from manual systems, through
mechanical devices, to large-scale digital computing
equipments; he cannot liaise with programmers com
petently if his knowledge is of management require
ments only. Similarly, a programmer with insight into
business practices (statutory requirements, organisation
theory, accounting and economics) is much to be pre
ferred to one who has no knowledge or interest in this
direction. Thus many employers believe that courses
in the Business Studies Schools in Colleges of Advanced
Education are providing better training for business
programmers than any current alternative.
Despite a common management inclination to
believe otherwise, there are at least a few programmers
who are not solely motivated by lust for gold or fear
of the classical motivational device, KITA (Herzberg, 1968). Some find themselves in programming
because their natural interests run parallel to those
required to be a successful programmer; paramount
amongst these interests is an insatiable desire to unravel
intricate puzzles (Cannon and Perry, 1967). Versions
of the Strong Vocational Interest Blank have been
developed for programmers and these appear to offer
E.D.P. managers a method of selecting programmers
who have internal motivation to be successful in the
programming role.
(c) Programmer Training
It was mentioned earlier that to be proficient, pro
grammers need to spend considerable time refining
their technical skills but that currently the best pro
motion opportunities lie along the systems analysis
path, perhaps upward into top management. There is
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no a priori reason to believe that some programmers
might not make excellent managers, particularly where
quantitative skills are also required. Indeed, some
companies have a stated policy of drawing manage
ment trainees primarily from the data processing area
rather from marketing or production (Brabb and
Hutchins, 1963).
However, there are some financial and aptitude
problems. Firstly, what becomes of the programmer
who delights in programming as such? This type of
person finds his counterpart in many other professions,
engineering and science to cite but two. Our society
seems little attuned to giving financial or status recog
nition to the person who is primarily a loner, not
necessarily anti-social, but whose skill and depth of
technical knowledge make him an invaluable asset to
a large organisation consisting predominantly of itiner
ant generalists. His role is that of internal technical
consultant.
Few Australian organisations seem to
recognise the benefits flowing from such a person.
Most certainly he presents a problem as far as recom
pense is concerned since, having reached the technical
summit of a well-paid profession, he seeks a salary
comparable to or higher than many department man
agers but without formal responsibility for other people
nor the requirement to make a profit. His advice on
technical matters, however, can pay handsomely in
the form of reduced costs of system implementation.
There can be no doubt that failure to recognise and
recompense technical expertise is detrimental to the
industry; does every programmer need to have aspira
tions to manage others? But when one tries to measure
the output from these men, or worse if one attempts
to set quantitative goals for them to strive for, great
difficulty is encountered. Not only do they resist
quantitative measurement, their output tends to be of
such impulsive nature (in the mathematical sense) that
it is only perceptible to managers of unusual acuity.
Salary incongruence presents a problem with all
programming staff. Promotion from systems analyst
to a management position in a firm probably means an
increase of responsibility—the role of systems analyst
is more consultative than line—but with no change (or
a decrease) in salary.
The problem of programmer promotion and the
associated one of programming as a profession have
not yet had sufficient time to develop in Australia. In
the U.S.A. where technical experts such as engineers
are fully recognised as being a prime force in innova
tion and profit opportunity creation, programming as
such is becoming recognised as a profession. The pro
fessional bodies, such as the Association of Computing
Machinery, set extremely arduous entry requirements
and present very advanced lecture courses for their
members. As yet the Australian professional com
puting body is not very discriminating in accepting
members nor is there any formal entry examination,
largely because of a dearth of advanced university and
technical college courses specifically designed to pro
duce skilled computer scientists. This situation is
bound to improve as a result of the groundwork done
by Sydney University (Basser Computing Department),
and the more recently formed Departments of InformaThe Australian Computer Journal, Vol. 2, No. 2, May, 1970
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tion Science at other universities and the New South
Wales Institute of Technology.
Whether or not programming becomes recognised as
a profession, management’s responsibility to individual
programmer development probably lies in the same
direction as that of other employee development: there
should be regular personnel appraisal interviews to
elicit individual expectations, together with as much
assistance to self-improvement—in the form of subsi
dised education—as the company can afford. A par
tial solution to programmer and systems analyst
mobility seems to lie in the selection of staff with
attributes appropriate to any management position and
presenting those selected with attractive planned career
paths within the organisation. The striving for a
series of specific attainable goals, and receiving reason
able increments in salary as these steps are achieved
replaces straight money-grabbing because status, social
and power needs are satisfied through the organisation
on a continuing basis.
(d) Planning, Organising and Controlling
The task of estimating resource requirements and
matching available resources to meet scheduled com
pletion dates is the major headache of programming
management. The difficulty stems from the large
variability of programmer performance—between
individual programmers, between programmers writing
in a particular language, between programs of differ
ent complexity—and the unpredictable availability of
computer time to bring programs to a fully correct
condition. One group of overseas researchers report
that they measured a 28:1 difference between pro
grammer output rate of fully debugged instructions
when writing scientific programs (Sackman, Erickson
and Grant, 1968)! Finally, all these performance
characteristics vary from installation to installation,
depending upon the technical capabilities of the com
puter to handle jobs of differing types and the efficiency
of the surrounding organisation.
P. R. Masters (1968) puts forward the viewpoint
that it is desirable and possible to estimate programmer
output. He argues that quantitative estimates are
essential to good control and implies that such
estimates can be used to distinguish good programmers
from poor, to act as the basis of an incentive scheme,
and to allow accurate time and cost estimates of jobs
to be made in advance. To implement his control
system requires that a linear relationship between pro
gram size, measured in instructions, coded, and com
pletion time first be established (refer his Figure 1).
A line of best fit can be found from historical data
and this line “would appear to be indicative within
± 25-%”. To cater for the lower performance to be
expected from trainees he points out that a learning
curve can be established (refer his Figure 2). “In
practice it is necessary to combine program size, pro
gram type and program complexity in order to arrive
at a standard time for the job and formulae based on
these are being used. Comparison of actual time with
the standard time allowed gives a measure of pro
grammer performance.”
In my opinion, if it is possible to discover some preThe Australian Computer Journal, Vol. 2, No. 2, May, 1970

dictable relationship between program instructioncount and time to completion, even allowing the
validity of the implied assumption that program docu
mentation can reasonably be expected to vary directly
with program length, which assumption I frankly find
untenable, it is clear that a considerable number of
programs need to be studied before the relationship is
established satisfactorily. More importantly, the man
ager has the task of estimating the number of instruc
tions to be expected in a given program before it is
started. Without considerable experience, not only of
the characteristics of various program types generated
at an installation but also of the individual “pro
grammer” to be responsible, the manager is hardpressed to estimate program preparation time with an
accuracy better than ± 50%, I believe. This belief is
borne out by La Bolle (1967), who points out that
“The equations derived to date (for programming
standards) have large standard errors of estimate: the
differences expected between actual and estimate may
be 100 per cent or larger of the actual”. This conclu
sion was reached after studies of programs within a
single organisation had been made and one would
expect larger errors of estimate if more organisations
were included in the study. Alfred Pietransanta of the
renowned IBM Systems Research Institute goes so far
as to state that “The problem of resource estimating
of computer system development is fundamentally
qualitative rather than quantitative. We do not under
stand what has to be estimated well enough to make
accurate estimates. Quantitative analyses of resources
will augment our qualitative understanding of program
system development, but such analyses will never sub
stitute for this understanding” (Pietransanta and Nel
son, 1967).
Most commercial programming managers, in my
experience, proceed by estimating programming effort
purely on the basis of whether the program is a Raw
Data Edit, File Update or Report-Print type, reckon
ing all programs within these categories as requiring
about the same effort, plus or minus a marginal allow
ance for the complexity of the program being con
sidered, relative to the “average”. The “average” is
struck by experience and rule-of-thumb rather than
quantitative measurement, in most installations, and
many claim, as I would, that ±20% is the expected
margin for error using these techniques. Whereas
rule-of-thumb meets with moderate success in the com
mercial data processing sphere, because programs are
relatively stereotyped, if the installation is continually
writing programs with novel characteristics initial
estimates are notoriously inaccurate and are usually
100% to 200% low.
Despite what might appear criticism of attempts at
quantification of programming output, I believe that
successful project control can only be achieved if
quantitative estimates are made and compared against
actual performance on a regular basis. The important
aspect of project management is not so much the
method and accuracy of estimating—although accurate
estimates facilitate control—but the energy that is
applied to review of progress and the effectiveness of
action resulting from a reported exception condition.
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The foregoing discussion relates to the case of a
single program; when a team of programmers is
employed to create a “suite” of interdependent pro
grams the estimation process is again complicated by
difficulties in co-ordination between programmers.
The problem here stems from the usual staff difficulties
brought about by holiday and sick leave and other
company responsibilities, but there are additional prob
lems peculiar to data processing management caused
by the inter-relation of limited computing resources,
logical complexity embodied in programs and the
problem-solving capabilities of the programmer.
Attempts have been made to improve programmer
effectiveness by the provision of man-machine inter
active program debug facilities. With these facilities
the programmer can remove errors (or “bugs”) from
his program line-by-line until a fully correct condition
is achieved. Through a teletype console the pro
grammer issues instructions to the computer to check
his program, the result—-such as any error found—
is returned to the programmer whilst he waits at the
console.
The process continues until satisfactory
results are achieved. Some claim that where these
facilities are available, the programmer’s effective work
throughput can be improved by at least 2:1 over the
batch-processing situation (e.g. Dr. P. C. Poole,
United Kingdom Atomic Energy Authority, Culbam
Labs.). The inter-active situation allows the pro
grammer to work continuously on the program, thereby
keeping the details of the entire logical structure in
mind until fully operational. Thus less incorrect modi
fications are made to the program and the elapsed
time to completion is reduced.
As yet inter-active facilities are not universally
available in Australia or even commonplace (outside
universities, C.S.I.R.O. and A.R.L.), nor is it clear
that software facilities have been developed to the
point where man-machine interaction has been
exploited to the expected final capability. Less surety
can be given that when such facilities are available
there will be economic justification for them. Comput
ing systems providing these facilities are obliged to
dedicate large quantities of resources, special hardware,
storage-space and time, to inter-active tasks. The
question arises: “Could the equipment be better
utilised on other tasks?” It is clear that if inter
active debug features do prove cost effective they will
simplify a difficult scheduling aspect of programming
management and be indispensable where speed of pro
gram availability is paramount.
It is commonly felt by programmers that prepara
tion of program-documentation is to be shunned at all
cost. The need for it is clear to all, but the process of
writing specifications in sufficient detail for operators
and software maintenance people following after, has
little to satisfy the creativity espoused by programmers.
The tendency to avoid documentation makes itself felt
particularly acutely when a team is working on a set
of intimately interlocking programs, as in the creation
of real-time operating systems or other system soft
ware. Even where the teams are small and operating
in adjoining offices—-in some cases a team has 200
constituents disposed internationally—there is little
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communication between those engaged on different
program segments. Each is too engrossed in his own
complex section to have the time and energy to ensure
that, when the sections are brought together, the pieces
interconnect neatly and efficiently. In contrast to the
situation where two machine components are sepa
rately fabricated and subsequently assembled, real
time programs typically have interconnections which
vary with time and the type of data being processed.
No simple line drawing, or set thereof, can express
the complex interactions between pieces of such pro
grams. To add to the problem, it is quite often true
that the most efficient mode of implementing the job
becomes apparent only after the code has been largely
written.
Under these conditions successful programming pro
ject management requires continual decision-making
about whether re-design and re-work is necessary or
desirable. If changes are made there are inevitably
consequences felt in a number of programs other than
that in which the change is envisaged. Conversely, if
the ineffeciency is permitted to remain, it may absorb
many hours of machine time on many computers
throughout the world and incur considerable customer
chagrin. In fact, an iterative design-decision-making
process takes place continually, despite determined
attempts to make firm program structure decisions at
the outset. Accurate and up-to-date documentation
is essential if these continuing design decisions are to
be successful. Here again facilities are becoming avail
able making use of the computer to check program
sub-unit interaction and highlight difficulties whilst the
suite is but partially complete and to produce detailed
flow charts of the actual program logic (as against the
projected logic, drawn up before coding commenced)
directly from the annotations used by the programmer
to elucidate the purpose of coding-sections and written
as an integral part of the program. There can be no
doubt that these facilities will find widespread accept
ance among programmers and managers alike since
they involve little effort additional to normal program
coding and considerably reduce tedious re-iteration.
In summary, programming managers could do well
to draw on management experience and methodology
in other technological fields, for there is no difference
(Brandon, Reynolds and Clewlow, 1967).
The steps to successful programming management
are:—
1. Establish a plan of action to achieve a goal within
a certain time period and investment.
2. Measure during the course of the project the per
formance against the established goals.
3. Make evaluative decisions each time the plan and
the actual performance mismatch.
4. Take corrective action iteratively until the job is
done.
5. Use the computer to assist in each of the steps 1 to
4 wherever possible.
(3) Management of Systems Analysis and Design
Systems analysis is generally agreed to be the pro
cess of determining management information process
ing needs and specifying these needs in a form ready
The Australian Computer Journal, Vol. 2, No. 2, May, 1970
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for implementation, that is specifying the necessary
outputs, the method and time constraints of data
capture together with details of computations and any
statutory or legal requirements. The systems analyst
is thus responsible for the design of the forms on which
data will be recorded and results presented; he is
usually responsible also for supervising mechanical or
manual system changes and small data capture equip
ment appraisal and purchase. To these extents the
system analyst is also a systems designer.
However, in the E.D.P. industry the term systems
designer has grown to mean “computer systems
designer” and is a role usually played by a senior pro
grammer. Presented with the necessary inputs and
outputs together with schedules for data and results
availability, the systems designer has the task of
evaluating in detail the alternative methods of achieving
the required results with the available resources, both
equipment and manpower. His detailed knowledge of
the E.D.P. organisation and of program and equip
ment characteristics enables him to define the structure
and content of files, the number, scope and inter
relationships of programs to achieve the end result.
So much for the system designer whose problems of
technical equipment appraisal are discussed in a later
section.
The systems analyst must satisfy management’s
information needs. In organisations where line man
agement is charged with the task of actively pursuing
organisational improvement, the systems analyst con
stantly finds that he is directed to have a system opera
tional by a given date only to find that management
either does not know what it wants or cannot state to
him the information requirement, boundary conditions
or performance requirements in sufficient time or in
sufficient detail to meet this date (Smith, 1967). Thus
we see that management is requesting a new setting of
the helm but is unsure of the best bearing to sail on.
Many systems analysts speak of having “greatness
thrust upon them”, for they are forced to make
decisions affecting the firms’ fundamental direction and
ability to perform. For this reason some systems
analysts themselves seek a guiding star, a fuller under

standing of desirable organisational strategies and
goals, so that they can advise the manager who is
unable to specify his own goals. Such a framework
has long been formulated, perhaps paradoxically, by
researchers into general management practice.
Modern management thinking views a business
organisation as a system imbedded in an environment
of social, ethnic, political and economic stochastic
variables, which transforms the inputs men, money,
data and technology into social and economic outputs;
social satisfactions for the employees, goods and ser
vices for the economy (Byrt, 1969). (Figures 4 and 5.)
If the organisation is to thrive, management must
define objectives by first identifying environmental
opportunities of a suitable scope and type to match
organisational strengths.
For the organisation to be effective in achieving
these stated objectives, mechanisms for planning,
organising and controlling the available resources must
be set up. The control process can be likened to a
feedback servo-mechanism in that after plans have
been made and implemented the resulting performance
is sampled and this sample is used to modify future
decision-making processes leading on to further plan
ning and organisational phases. (Figure 6.)
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Organisational decision-making processes are con
ceived as being divisible into three (overlapping) levels
(Anthony, 1965). (Figure 7.)
(a) Strategic Planning,
(b) Management Control,
(c) Operational Control.
The role of the Information Systems Department is the
supply of just sufficient information to managers
at each decision level to facilitate the optimisation of
overall organisational performance. In order to obtain
this optimisation, information must be focused on the
key profit-determining decisions in each functional area.
The organisation of the information systems depart
ment should be determined primarily by the strategy
perceived as yielding the required information most
effectively and, secondarily, by the division of work
necessary to the fulfilment of that strategy. Extension
of the concept of providing information to facilitate
key profit-making decisions gives a guide to an appro
priate priority for implementation. To paraphrase
Drucker (1964), the focus of management should be
directed on opportunities rather than problem areas.
The identification of suitable opportunity areas and
the key business decision areas is not the function of
this paper. Formal training courses such as M.B.A.
programs offer some insight into these concepts. How
ever, the management concepts mentioned here are
fully discussed in texts on Organisational Theory, a
topic which I strongly contend is worthy of close study
by all systems analysts. Such a study would highlight
the importance and mechanisms of change: systems
analyst, energy should be directed to organism evolu
tion rather than homeostasis.
In the meantime, there seem few in Australia even
aware of the systems analysts’ effect on top manage
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ment performance or of the need for systems analysts
to raise their sights above those of a glorified Time
and Motion study man. Exceptions are B. J. Hart
(1966) and P. F. Gross (1969), who are basically
agreed upon a training course structure such
as Figure 8. In addition to the T. & M. skills of fact
collection, form design and the like, some insight into
the operation of large organisations is offered through
study of organisation theory as well as behavioural
and quantitative management sciences. At the same
time the analyst requires considerable insight into
techniques for economic manipulation of complex data
structures and the applicability of these structures to
integrated management information organisms.
The manager of systems analysts is faced with simi
lar problems to those mentioned under programmer
management, namely recruitment, training, motiva
tion, promotion and planning to meet external demands.
To quote C. R. Lockhart, E.D.P. Manager of Shell
Australia, “I would regard the gathering together into
well-managed and adequately motivated groups, of
technically competent people as the most important
task of the senior data processing executive” (Lock
hart, 1969).
(4) Long-term Planning and Policy Setting
(a) Organisational Position and Long-term Planning
The place of the information systems manager as
described by Brabb and Hutchins (1963) is indicated
in the organisational structure presented in Figure 9.
In the Australian scene very few such positions exist.
Instead there is a D.P. Manager or D.P. Controller
usually reporting to the Finance Director or the Com
pany Secretary as outlined in Figure 2.
It is clear that the low level in the hierarchy hinders
the D.P. Manager in the determination of the overall
direction of the information system. Typically the
D.P. Manager is not consulted nor kept informed on
factors affecting the operational aspects of his depart
ment, let alone is he involved in the determination of
long-term objectives and modus operandi. A typical
example of the failure to include the D.P. Manager in
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basic decisions may be drawn from the recent intro
duction by an Australian firm of a new consumer pro
duct line, Product-X. Much secrecy surrounded this
introduction but of course the sales reps, had to le
informed of the move so that they could solicit orders
for the new line from all outlets. At the same time the
product containers were in production at several sup
pliers’ plants, where the label would undoubtedly have
publicised the new product to a wide audience. Both
forward sales promotion and container production had
lead times of about six weeks on the date of first sale.
Data processing and a number of other department'
were purposely kept uninformed of the change
“because the introduction was secret”. To re-design,
modify and thoroughly test new sales reporting pro
grams—seen by some sales managers as essential to
the monitoring and co-ordination of the introductory
period—would normally involve E.D.P. effort span
ning six or more weeks, depending upon work-load
and staff availability. The first inkling in the E.D.P.
department that a new product was to be introduced
came when the D.P. Manager received an enquiry,
originated by an invoicing clerk, “What code do I use
for this new Product-X?”
Whilst D.P. Managers are unable to be party to
long-term objectives, plans and policies, major mis
management such as this example indicates must con
tinually take place. Furthermore, the greater reliance
is placed on the information reports prepared by
E.D.P., the greater will become the necessity for an
Information Systems Department to take its position
alongside the other major functional areas of Market
ing, Production, Finance, and Research and Develop
ment.
Creation of an Information Systems Manager
becomes imperative when data base or information
retrieval systems are mooted. It has long been the
Ihe Australian Computer Journal, Vol. 2, No. 2, May, 1970

objective of information processors to bring together
all data essential to organisational planning and con
trol into a common file-set. The aim of this amalgama
tion is the elimination of costly duplicated data files
and even more costly disparities between data held in
different files resulting from separate and independent
processing procedures. At the same time a data base
system implies a co-ordination of data capture from a
number of sources by relatively advanced means. In
the past both file creation and data capture have been
limited by equipment availability. Today limitations
no longer exist and efforts are being made to take
advantage of economies of scale offered by informa
tion processing integration and at the same time to
facilitate the closer coupling of organisational sub-units.
The exact data elements that are to be incorporated
in the common files can only be decided upon by care
ful consideration of the sub-goals. This consideration
yields a data base which is “cost relevant” (Emery,
1969), enabling each manager to make timely and
profitable decisions in his own area of competence.
Elaborating the concept of cost relevant data bases,
Emery writes: “Information derives its value from the
effect it has on the behaviour of the organization. In
order for new information to have value, (1) it must
affect the existing analogue representation of the real
world contained in the data base; (2) any change in
the representation must then affect the decisions made
as a function of the data base; and (3) an increase
must occur in the utility derived as a result of changed
decisions. The incremental value of information is the
utility achieved with the information, minus the utility
that would have been obtained in the absence of the
information. The information should, of course, be
obtained if its incremental value exceeds its incremen
tal cost.” Emery concludes that the evaluation of the
incremental benefit from an improved information
system is extremely difficult. Masters (1969) also
believes that “The effect on profit of improved informa
tion must be assessed. This is an essential step since
in most cases it is the only real justification for a com
puter installation. This assessment will also suggest
the most effective sequence in which computer appli
cations should be implemented”.
Considerable work has been done to determine the
value of information by Jay Forrester (1961), who
views the planning and control mechanisms of an
organisation as a feedback control system with in
built delays (Figure 10). He points out that given a
randomly fluctuating customer demand for a manu
factured item and assuming fixed delays in taking
action upon the sensed level of demand (at the retail
store, the wholesaler warehouse, in the sales depart
ment and in the production control department), one
can expect an oscillatory shop-floor demand behaviour
to develop. The integrated effect of the individual
processing delays gives rise to large fluctuations in
shop-floor work orders and subsequently, in piecepart and finished goods inventories (Figure 11). These
induced oscillations cause sub-optimum activity levels
to be required to track the sensed (fluctuating) demand
and result in decreased profitability. By reducing
inherent delays in some, or all of the feedback paths,
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The Organization and its Environment as a
Feedback Control System (Martin, 1967)

a more accurate internal model of actual customer
demand can be achieved and profitability can thus be
improved. Simulation studies done on hypothetical
firms show that the simple fact of delay reduction can
significantly improve Net Profit after Tax (Boyd and
Krasnow, 1963). However, across-the-board delay
reduction is not necessarily beneficial. It is possible
to reduce the delay in some feedback paths such that
a more distorted view of reality is obtained and this
distortion in turn causes larger sensed fluctuations,
greater over-production and further decreased profit
ability (Forrester, 1961). Emery refers to information
systems containing such aberrations as being “too fine
and too coarse” when delays, compression of data or
erroneous recording cause the internally held model of
currently existing reality to be imperfect, leading a
fortiori to invalid conclusions about future states. In such
a system too much information is gathered to assist
prediction of those states of nature least important to
profitability whilst too little is gathered about key vari
ables, resulting in an information system which is not
“payoff relevant”.
The major problems in evaluating the benefits of an
information processing system is that we cannot know
when it is “payoff relevant” or else the cost of know-

/eekly retoil orders
Distributor orders from retailers (weekly)
Factory orders from distributors (weekly)
Manufdcturing orders from shop floor (weekly) _
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Figure 11: Response of the Production Planning System to
Random Variations in Sales (Martin, 1967)
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ing (through sensitivity analyses) is such that there is
no marginal benefit in examining all alternative
systems in sufficient detail to be assured of an optimum
choice.
In clearer terms, despite the demonstrable feasibility
of quantitative determination—by simulation techniques
and the like—of that information system which will
enable optimum decision-making for the firm as a
whole, the cost of doing so can probably not be justified
on economic grounds. A corollary to this reveals that
the cheapest way to know, with any satisfactory pre
cision, the dollar value of the benefits to be expected
from an information system is to implement the system
and endeavour to measure the benefits! Thus we
observe that investment in information systems has
much in common with investment in advertising;
neither the expected nor the achieved benefits can be
evaluated with precision. Blind faith and intuition,
coupled with good sense honed by experience, are
essential ingredients of the decision to implement the
first reasonable-sized computer integrated management
information system.
There are still some in Australia who refer to the
benefits of improved organisational co-ordination as
“intangible”, I suspect because they have no clear
concept of the actual benefits. In fact we can identify
the causal variables—more precisely the benefits that
are achievable and the dangers and costs that must be
avoided—but the dollar value of the marginal utility
remains incalculable! Perhaps when information con
cerning many of the most attractive alternatives is held
within the data base it will be possible to evaluate in
advance the dollar cost and benefit of any proposed
information system changes on a discounted cash flow
basis, as we are urged by J. T. Ralph (1968). Only at
that time will the top management team be able to
assess the return on investment to be expected from a
new information system vis-a-vis other competing
capital works programs, but until then decisions will
continue to be made on “non-rational” grounds.
Four years ago the concept of integrated manage
ment information systems was first widely discussed in
Australia. Today some companies are busy creating
them, whilst many others are seriously evaluating the
relevance of integrated control to their companies. In
the meantime a further concept has presented itself,
that of input-output analysis of industry groups
integrated with the more conventional economic indi
cators. The feasibility of this sort of information will
augment the problem of deciding upon a cost relevant
system design; with so many alternatives to choose
between, some expert knowledge is essential. Industry
input-output analyses are seen as firstly providing vital
information about total market sizes and market shares,
productivity and levels of production, and secondly the
ability to anticipate and correctly react to cyclical
fluctuations. An example recently cited in support of
the opportunities created using input-output analyses
comes from A.B.C. Inc., a company engaged in the
wall-board industry in the U.S.A. At the time of this
story, wall-board manufacturers had reached agreement
that a price rise of 1c per board foot was warranted.
After simulation studies of the seasonal fluctuations in
The Australian Computer Journal, Vol. 2, No. 2, May, 1970
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industry demand, the levels of manufacturing resource
utilisation of relevant supplies, the transport-cost versus
distance relationships in a number of locales where
all board production facilities were over-utilised and
the normally expected delivery times, this manufac
turer made the decision to raise the price shortly in
advance of the seasonal demand peak, the time
reckoned by others to be most favourable. In the
selected areas customers, naturally piqued by the price
rise, gave their orders to other companies, thereby over
filling already burgeoning order books and increasing
lead-time considerably above normal levels. In the
meantime A.B.C. Inc. was able to clear its order books
ready for the expected forthcoming rush of demand.
When the season peak was reached, the price was duly
raised by all other companies and A.B.C. thus became
the preferred supplier (because of shorter lead-time)
and rapidly filled its order books at the higher price!
This is an example of asking questions of the type,
“What if.............?” and being able to answer them.
Companies can only hope to answer questions as com
plex as those tackled by A.B.C. if they have a fully
integrated data base, each data element of which is
determined by top management deliberation.
(b) Planning for Information System Implementation
The implementation of a data base system requires
detailed planning and extremely close co-ordination
throughout implementation. A nicety of judgment is
required to decide exactly how much pre-planning
should be entered into and what proportion of the
total system should be worked on in detail at one time.
Severe difficulties have been encountered when
attempts have been made to implement far-reaching
systems in one bite (Hurt, 1966). The Department of
Defence Material Planning and Control System took
135 man-years of effort to develop “80-100 programs”
between May 1961 and December 1965. This repre
sents an average program production time of approxi
mately 1.5 years, or six times a reasonable average.
Although some account must be given to the paucity
of experienced E.D.P. personnel available at that time,
the major impediment to progress was recognised as
the complexity of the system originally envisaged and
the decision to implement it in one shot.
An alternative approach to the problem has often
been considered but most frequently has been immedi
ately rejected because it is a sure method of causing
incessant minor changes to all programs. This con
sists of the “play-it-by-ear” approach which com
mences by immediate implementation of those indi
vidual applications most readily amenable to E.D.P. or
those applications belonging to the function which
wields the greatest political pressure. The result is a
series of systems which progress rapidly for a short
time but thereafter make little forward progress
because of the increasing proportion of changes
required to old programs, as each new program is
introduced. At the same time there is a tendency to
form “information islands” whereon each department
floats without cognisance of all others, activated by
information from their private, totally disintegrated
system.
A third procedure has been found most successful
The Australian Computer Journal, Vol. 2, No. 2, May, 1970

in avoiding the pitfalls inherent in the other two
methods (Goynich and Power, 1969). The steps in this
procedure are:—
(a) Set broad overall long-term objectives.
(b) Set implementation priorities.
(c) Plan precisely the information interfaces between
segments of the total system. Typical segments in
a manufacturing organisation might be (1) sales
order processing/sales analysis/debtors’ ledger, (2)
inventory control/purchasing/creditors’ ledger and
(3) requirements explosion/production planning/
production scheduling and control. The interfaces
mentioned here are embodied in the form of com
mon files, reports or data capture routines.
(d) Design interim-measure system changes essential to
a gradual phased implementation.
(e) Commence detailed planning and implementation
of the top priority job.
Incorporate progress
monitoring and control systems.
(f) When each stage is firm, review progress, re
design such information interfaces as are essential
and proceed to the next stage whilst maintaining
monitoring and improvement activities on the
first system, with a view to further modification of
the subsequent segments.
It should be noted that there is a natural division
between segments dictated by the frequency with which
one piece of data is accessed along with another or by
the source of the data, rather than by the users of the
resultant information (Figure 12). Thus if a person’s
address is normally accessed every time his name is
required, it seems logical and is in fact most economic
of processing, to hold these two (essentially separate)
pieces of data juxtaposed on the one data file.
Consideration of all possible data-access combination
ultimately required to fulfil the complete gamut of
organisational information needs yields a “natural” file
structure; “natural” from the point of the processing
operations (Figure 12). Now it will not be surprising
to discover that the data required to yield decision
making information on many of the key variables
originates from a number of different segments; after
all, the decisions we aim to make in each individual
area are required to yield optimality for the organisa
tion overall. To cite two contrary examples: (1)
Assuming that the availability of customer credit has
no effect on the level of sales, the management of
debtors can be monitored by computing the figure of
merit “Value of Debtors/Value of Average Daily
Sales”; in general the smaller the figure of merit the
better the management of debtors.
All the data
necessary for determining this figure of merit is avail
able naturally within a single segment. (2) To deter
mine the economic purchase-order quantity we need
data from at least two segments: (a) the inventory seg
ment, to know the level of demand, the incremental
cost of storage and the cost of a stock-out, (b) the pur
chasing segment, for data on supplier discounts, leadtimes and volume-price breaks. If the key decision area
were debtors we could be making such decisions after
implementation of but a single segment. The more
usual case, however, is characterised by dispersion of
data elements across a number of segments, so that we
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have to proceed towards our long-term objectives of
key decision management, via the devious route of
step-by-step implementation, rather than in one hit.
Managers generally are faced with decisions con
cerning the optimum planning horizon. As far as 1
know, there is no universally applicable solution, each
situation requiring individual experimentation and
innovation. It does seem clear, however, that unsatis
factory solutions can be highlighted most quickly if
actual progress is regularly compared against pre
liminary estimates by defining explicit performance
criteria and by the use of an effective evaluation and
review techniques.
(c) Planning for Management Training
It has been remarked already that top management
commitment to long-term information system planning
will be a prime determinant of overall organisational
performance. It is the task of Data Processing Man
agers to solicit this commitment.
But why should managers co-operate in systems
which cross their own functional boundaries and
threaten to reduce their power status? Would func
tional managers be human if they did not perceive
increases in the activity of the information systems
department as a decrease in their own power, rather
than the symbiosis often claimed? Is it realistic to
expect any interest if it’s not generated by self-interest?
The solution to co-operation lies in training top man84
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agement to view the information systems department
as an essential adjunct to their own operation, to pro
mote the information organisms concept through formal
training programs, highlighting the costs and benefits
that flow from a company-wide planning and control
network based upon quantitative management tech
niques. But where is such training available in Aus
tralia today?
Some future managers are receiving instruction in
M.I.S. on Business Administration Masters programs,
but these people will not make themselves fully felt
for a number of years. Professional bodies such as the
Australian Society of Accountants and Operational
Research Society run courses to bring their members
up-to-date in the application of new techniques and
E.D.P. is often given considerable attention. The typi
cal Computer Introductory Course for Executives
given by machine houses is incredibly short—largely,
I suspect, because of top management refusal to relin
quish their key men for prolonged sessions on activities
perceived as unprofitable.
With the usual pressure of work during the day, the
availability of evening lecture-courses can prove invalu
able to the busy executive wishing to gain insight into
new aspects of management. To my knowledge, few of
these courses exist outside Colleges of Advanced Tech
nology and in general those that are available are
pitched too low to give the top manager much real
insight. Recently the Australian Institute of Manage
ment commissioned a survey of expected trends in the
pattern and size of Australian E.D.P. usage in the next
ten years, presumably with the aim of determining the
type of course they should be giving in that area. A
report was prepared by D. V. A. Campbell, Faculty of
Economics, Monash University (1969). In this report
Mr. Campbell forecasts a slowing rate of growth of
computer usage in Australia and a strictly limited appli
cation of integrated management information systems.
His forecasts are based on evidence concerning the
current and projected size of private and Government
organisations in Australia.
The size parameters
estimated were essentially two: (1) number of
employees, (2) annual dollar turnover. No comparison
was made with the U.K. or U.S.A. in support of the
claim that companies below a certain size could not
justify the use of E.D.P.; this conclusion is totally at
odds with the observation that equipment is justifiable
if the marginal benefit is positive, which condition
could and does exist, despite the small size of a firm.
Although I cannot agree with many of Mr. Campbell’s
conclusions, I agree with him whole-heartedly that
there is a great need for more management education
on E.D.P.
(d) Planning for the Technological Aspects
of Information Systems
It is not the intention of this paper to do other than
outline the major technical problem-areas of informa
tion systems management and the approaches available
for meeting these problems. The objective of E.D.P.
management is to plan for the selection, installation
and operation of equipment sufficient to meet the pro
jected and current data processing demands of the
organisation. Planning covers four broad areas:
The Australian Computer Journal, Vol. 2, No. 2, May, 1970

1.
2.
3.
4.

Housing.
Hardware.
Software.
Financing.

1. Housing
Much has been written about the special problems
of housing electronic computing equipment. So much
so that the design criteria for a successful installation
are now cut-and-dried. Aspects such as cooling, light
ing, power and water connection, sound-proofing, dust
prevention, fire protection, floor loading, equipment
spacing for convenient access, location of engineers’
facilities and consumable supplies storage, facilities for
after-hours access and computer record storage are
usually extensively covered in machine house installa
tion manuals. Some of these manuals produce a stepby-step definition of the installation procedures, includ
ing PERT network with time estimates for the com
pletion of each stage. Armed with this network, a
manager can look forward to a smooth installation of
equipment, once a choice has been made.
2. Choosing Computing Hardware
At first sight the problem of choosing hardware is a
simple four-step process:
(a) Define processing requirements for each projected
application.
(b) Choose a computer configuration.
(c) Estimate the total processing time on that configu
ration necessary to fulfil the defined requirements.
Repeat (b) and (c) for each feasible configuration.
(d) Select the configuration which gives satisfactory
overall performance at least long-term cost, com
puted on a discounted cash flow basis.
This simple-minded approach neglects the following
factors:
(a) The imprecision inherent in the a priori defini
tion of detailed requirements, as described in earlier
sections.
(b) If one considers only the best-known com
panies offering equipment in Australia (I.B.M., I.C.L.,
Honeywell, Control Data Corporation, N.C.R., Genera]
Electric, Burroughs, UNIVAC, Digital Equipment
Corporation) there are many alternative configurations
that might be examined before a decision is reached.
Each of these companies offers options on the size of
core-store, number and speed of magnetic tapes, discs
or drums, speed of card-reader and line-printer, num
ber of channels, speed of central processor, available
instruction set and number of registers, to mention but
a few. Each of these options has implications outside
straight computing “throughput” capability—such as
the availability of operating system software, pro
grammer training time, program debug time, probability
of operator error and ease of upward expansibility—
and each might well yield a significant cost saving if it
offers a closer match to actual processing require
ments. Perhaps more importantly, for each machine
type the availability of machine house personnel of
high calibre and with good experience varies radically.
This variation will directly affect the level of early sup
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port to be expected and thus the speed with which an
expensive asset is made productive.
(c) Using hand calculations, the run time of each
individual program can be estimated with an accuracy
of, at best, ±10% for each configuration. Hand
estimating methods are extremely tedious and usually
jammed full of (implied) simplifying assumptions, which
are not necessarily valid in specific circumstances.
Computer-assisted methods require considerable handson experience with the individual configuration before
answers of better accuracy than offered by hand
calculations can be achieved, and this experience does
not necessarily exist with machine houses. There is
only one accurate method of estimating job run time
and that is to measure it under actual operational
conditions!
(d) What constitutes sufficient and efficient process
ing today has a habit of becoming unsatisfactory to
morrow. Too much idle capacity in the early days of
a computer installation is clearly not advisable, but
how should the cost of under-utilisation be viewed
against the benefits of a smooth crescendo as the pro
cessing load builds up, the availability of a more
widely used programming language on larger machines,
the cost of programmer retraining for each new
machine and the draw of a larger configuration in
hiring staff?
Each of these factors is relevant to the choice of the
most economic long-term configuration, and each is
singularly difficult to quantify in dollar terms.
The foregoing remarks on hardware evaluation apply
to machines processing a single program at a time.
Where multi-programming machines are being com
pared a further order of complexity is introduced since
the time for performance of any given program varies
with the “mix” of programs run concurrently; in a
multi-programming machine the available computer
resources of storage and time are allocated to pro
grams on a dynamic basis, determined by the instan
taneous needs of the several programs being run.
Whereas it is difficult and tedious to estimate run
times accurately by hand in the mono-programming
case, it is virtually impossible in the multi-programming
case.
Thus, as in Figure 9, some organisations maintain a
full-time team continuously appraising available equip
ment. Small companies fare better if specialist con
sultants are used to conduct equipment studies.
3. Software
The availability of manufacturer-written programs
in the form of operating system, utility, language com
pilers and special application programs can massively
alter the amount of effective work a computer can per
form in a firm.
Unfortunately it takes three or four years before all
these programs are debugged to the state where a user
can confidently use any facility described in the volum
inous software documents. It is true that the cost per
unit performance of newly announced hardware is
noticeably less than previously available machines, but
if a machine is purchased shortly after product launch,
some large part of that benefit (if not all) is lost by
non-availability of programming tools normally con
st*

sidered basic, or by time spent in debugging the manu
facturer’s software. At this point in time no manu
facturer will accept the incorporation of penalty pay
ment clauses for non-delivery of announced features
according to the time-tables declared at the time of
signing the contract. The advent of separate sale of
hardware and software features has already created
firms, both here and in the U.S.A., willing to write
fully operational competitively-priced software for the
more widely available equipment configurations for a
fixed price and willing also to incorporate penalty
clauses covering the default situation. Frankly, I look
forward to the early demise of a large number of these
firms, because I believe that much good software is so
intricate that nothing short of an oft-repeated miracle
can ensure the regular production of code, error-free
and on-time!
It seems that in future the best software will remain
that which has been field tested for the longest period.
Perhaps there will be some improvement in newrelease software performance as more manufacturers
use modular programming and testing approaches, but
it is more likely that successfully managed installations
will continue to allocate some 10% of their pro
grammer resources to continuing investigation and
improvement on manufacturers’ software and the
creation of special small-scale software packages to
meet local needs.
4. Financing
It is not difficult to demonstrate that, disregarding
opportunity-cost loss and technological innovation, it
is cheaper to purchase computing equipment to process
a known requirement than to rent, if the expected
period of use is in excess of two years (Gartner, 1968).
For the neophyte E.D.P. user, however, where the
future requirements for machine time are ill-defined or
totally indeterminate, renting a machine offers the
notable advantage of flexibility; with a rented machine
the commitment may be more readily relinquished,
either by changing suppliers or discarding all notion of
E.D.P. usage.
With the current rate of main-frame speed improve
ment it is a bold manager who will commit his com
pany to machine purchase sure that he will not have
to forgo considerably cheaper alternatives in the latter
years of usage. Machine purchase has other disadvan
tages; if other capital projects exist with larger returns
than those expected from the incremental benefit of
computer purchase over rental and if (as always)
capital is limited, rental is the appropriate decision.
Alternatively, the possibility of purchase/sale/rentback is available in the States, and might well be
feasible here.
For the larger user the dilemma of lease versus buy
is significantly affected by the cost of program conver
sion (relative to hardware cost), and growth-rate of
computing load and the rate of decline of processing
cost due to technological innovation. Technological
innovation in the field has been such that the cost of
computation (measured in bits/second/dollar) has
shown an average rate of decrease of 56.6% per
annum since 1959 and shows no sign of slackening.
Lawrence G. Roberts of the Advanced Research ProThe Australian Computer Journal, Vol. 2, No. 2, May, 1970
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Figure 13: Choosing an Optimum Lease or Buy Replacement
Strategy for EDP Equipment (Roberts 1969)

jects Agency, U.S. Defence Department, points out
that where work-load is limited by the computer budget,
the optimal period before the delivery of the next com
puter is always less than H years for leased equip
ment and between 2i and 3i for purchased equip
ment (Roberts, 1969). This estimate is based on the
expectation that a team of programmers is available
full-time to convert programs to the new machine
whilst the old machine is still in use. Figure 13 shows
the optimum strategy to be followed under a range of
work-load growth-rate conditions.
Despite difficulties of inexact specification of hard
ware and software performance, purchase decisions are
being taken almost daily on suitable equipment for
individual companies. One solution to the problem,
sensible in view of the fact that hardware costs amount
The Australian Computer Journal, Vol. 2, No. 2, May, 1970

to only 40% or so of the total departmental expendi
ture (Figure 3), has been outlined by Brookes, Bibb
and O’Toole of the B.H.P. Company Ltd., who
accept as basically equal any configurations which dif
fer by no more than ± 10% on the bench-mark prob
lems set (Brookes, Bibb and O’Toole, 1969). For
machines reckoned on this rough basis as equal, they
assess factors such as availability of experienced
machine-house personnel, facility for capacity expan
sion, acceptance of default penalty clauses, time-table
for software availability and other factors, less easily
quantifiable than straight throughput capability, to
arrive at the final selection: where these factors are all
found equal, price is the final arbiter. Rightly or other
wise, greater significance is given to unquantifiable
matters than to a 20% variation in apparent machine
performance as measured by bench-mark problems
which are presumably typical of the projected work
load. As the authors point out, the rule-of-thumb of
setting bench marks is only a crude approximation to
the ultimate appraisal method of actual measurement
and will eventually be superseded by system simula
tion techniques such as those outlined by Ihrer (1967).
The advantage of their overall approach is that they
can actually reach a decision of sufficient accuracy to
satisfy their purpose, that of recommending an equip
ment configuration and supplier to top management
and negotiating a satisfactory contract.
Future data processing managers will find that not
all the financial factors affecting a situation will be
quantifiable and they will need to resort to rule-ofthumb methods and judgment, despite their own natu
ral tendency to delay a decision until all the facts are
gathered.
CONCLUSION
Innovations in software and hardware have made
complex information projects technically feasible.
There remains the need to educate managers capable
of designing and implementing such projects if the
expected benefits are to be realised. The average Aus
tralian Data Processing Manager will have to upgrade
his knowledge from the concepts of Unit Records and
Office Work Study to those of modern quantitative
management if he aspires to the title of Information
Systems Manager.
The Information Systems Manager needs working
familiarity with Basic Management Techniques, Indus
trial Dynamics, Organisation Theory, Econometrics
and Operations Research as well as such additional
computer software and hardware innovations as shall
progressively become available.
Increasingly the
manager of the information function will become like
the manager of research and development, seeking new
methods of formulating and evaluating companv-wide
profit-seeking projects, whilst simplifying established
procedures.
However, a change of skills and title is scarcely
enough; more important is a change of top manage
ment perception of the information processing role.
Instead of using E.D.P. to produce accounting reports
which are rooted in the past, management’s goal should
be
. . to make sure that we achieve more benefits
from computers than our competitors do” (Dean,
87
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1968). If the benefits of improved overall organisa
tional effectiveness are to be achieved, planning for the
integrated data base content must be carried out at
the corporate level by the Information Systems Man
ager in conjunction with the other functional managers
who, presumably, would also be au fait with quantita
tive management techniques.
There is every reason to believe that the currently
pressing problems surrounding control of E.D.P. staff
to meet predetermined time-tables will be considerably
eased by computer-aided planning and control pro
cedures of a type already in vogue in many engineer
ing environments. Essential to the use of these con
trol techniques is the definition of the skills, tempera
ments and responsibilities of people working on the
project; without a measuring-stick there can be no
control.
Is it possible to make a priori economic assessment
of the optimum organisation-wide information system?
It seems little likely. If all relevant data is available
within a data base the definition of the optimum
information system might be feasible; the implication
of such optimality is that all organisational decisions
will be made in just the right way, minimising risk and
maximising profit. The obvious Achilles heel to this
concept is that changes taking place in the outside
environment will invariably cause sub-optimum per
formance in some aspect: the inertia inherent in a
large data base, caused by the time to re-define, re
design and re-write decision-making programs, will
surely prevent accurate tracking of stochastic fluctua
tions of the world around.
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Professor C. William Gear, Computer Organization And Pro
gramming, University of Illinois. McGraw-Hill, 1969,
395 p., $13.60.
Computer literature generally suffers from a shortage of
genuinely educational books. There is no shortage of material
so elementary as to be trivial or of advanced books of special
ist interest. Professor Gear’s book is neither introductory nor
esoteric. It would be extremely suitable for use in the early
years of a computer science course as it would enable the
student to develop fluency in programming operating systems
type applications in an assembler as well as providing him
with a general intuitive understanding of the whole problem of
software production. The computer industry in Australia is
composed mainly of self-educated people; people who may
have tertiary qualifications, but who have no formal training
in computing. For these people, or those of them interested in
software, the book could provide a very useful self-teaching
manual and serve as an introduction to more advanced
material.
The author’s style is lucid and interesting. It is sprinkled
with short comments and remarks that reveal the author’s
practical experience with computers, software and pro
grammers
The book’s main value lies in the way in which the reader
is posed practical work in the questions. If the sufficient time
were available, the keen reader could write a simulator, an
assembler and a rudimentary compiler using the ideas and
leads presented in the book.
The topics that impressed this reviewer were those on sub
routine linkage and recursion, macro expansion methods,
name-table manipulation and syntax directed compilation.
The book does not contain rigorous mathematical definitions
of anything—the reader requiring this should consult more
specialist literature. Neither does the book contain substantive
comments on hardware despite the fact that there is an
extremely good discussion of simulation techniques. Most of
the examples of hardware systems and instruction formals
come from the IBM 360; despite this, there is adequate treat
ment of other instruction formals.
In this reviewer’s opinion, the author has truly succeeded
in his aim as stated, “to introduce the student to the basic
principles of computer organization or structure and machine
or assembly language programming”.
The only possible
criticism of this worthwhile book is the lack of references to
material of interest to the serious reader.
KARL REED.
P. A. Losty, The Effective Use of Computers in Business.
Cassel, London. Price $4.80.
This readable little book is one of a series of management
studies published by Cassel under the advisory editorship of
A. Battersby. Dr. Losty has adequately covered all aspects
of the use of computers which are of prime interest to man
agers of business enterprises, and the material is pitched at
about the right level.
The presentation is probably too
elementary for the established programmer or systems analyst,
but Dr. Losty’s perceptive treatment of the subject could well
contain reminders of useful information long forgotten.
Certainly the book could be recommended to trainee pro
grammers and analysts who are entering the field of commer
cial data processing and its reading could help prevent their
becoming myopic.
Dr. Losty stresses the need to gain and maintain manage
ment’s interest in the application of computers to its business
and he emphasizes the role the computer could play within a
business information system. The book is of only 148 pages
but little of relevance is missed, although in the more “techni
cal” sections some over-simplifications are apparent. Following
on the introduction to the basic elements of data processing the
book moves, rightly, to consider Output and the importance
of management specifying precisely what it wants from the
computer system. The chapter on Input is the longest and
deals not only with the problems involved in arranging input
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but covers the different sources and types of input media and
stresses the need for data validation.
The chapter entitled “Processing” turns out rather surpris
ingly to be mainly a layman’s description of the CPU into
which the author has thrown the core storage. Chapters on
“Backing Store” and “Programming”, which include the uses
of cards, magnetic tape and disks, and programming tech
niques, languages and computer software, are written in a
lucid and informative manner. Again nothing of importance
is omitted. The book concludes with three chapters concerned
with the implementation of a business computer project which
includes considerations to be made in the selection of com
puter equipment as well as the design and control of the
application.
Dr. Losty’s book is well balanced and up-to-date and he
has made maximum use of the pages at his disposal. The
book would be of value to any business enterprise contem
plating the introduction of a computer into its establishment.
Its reading would stimulate the manager’s interest in the
possibilities of computerisation and should help to overcome
any misconceptions.
D. A. HARRAGAN.
W. G. R. Stevens, Modular Programming And Management.
Pall Mall Press, London; pp. 72. Price $6.05.
One of the problems inherent in much of the current litera
ture on computer management topics is the failure to properly
relate the proposed solution to the problem being addressed.
This book is no exception.
W. G. R. Stevens of Urwick Diebold Limited describes his
short volume (72 pages) as “an attempt to solve the managerial
problems associated with programming”. The book com
prises an introductory chapter outlining what the author feels
are the significant management problems involved in system
design, programming and implementation, followed by six
short chapters detailing a useful approach to the modular
method and its implementation.
The essence of Stevens’ approach is a variation on the
standard management efficiency tool of specialisation (sub
dividing a complex program into smaller segments or
modules). He suggests that this approach increases job satis
faction for senior programming staff by using lesser qualified
programmers in all routine areas. Other advantages of seg
mentation include increased program writing speed, ease of
program modification and a marked decrease in total program
package errors because the system allows for adequate test
ing during development. The final chapter on planning and
control details a practical way to keep track of time and costs
in the programming department by using weekly and four
weekly progress reports to highlight budget variances.
Taken overall, however, the author has not related this
exercise to the very real problems outlined in chapter one—
those involving the qualifications of the systems designer and
his interaction with the management structure of the organisa
tion. Until this complex area is tackled, discussion of systems
design and implementation, modular or otherwise, remains a
poor substitute for a practical solution to computer manage
ment problems.
J. W. GRIFFITH.
Ivan Flores, Computer Sorting. Prentice-Hall Inc., Englewood
Cliffs, New Jersey, U.S.A. pp. x + 237.
This is the latest in a list of books produced by Dr. Flores
on computer topics. Like the earlier books, it is thorough
and well-structured.
Dr. Flores goes one better than Iverson—not only does he
introduce a special symbolic notation to define algorithms, but
he also resorts in coding solutions to FLAP (Flores Assembly
Program) mnemonics, which were introduced in an earlier
work. Thus the reader can be hung up for quite a while on
the first two chapters. These include briefly-stated definitions
for the notation and FLAP, generally easy to follow, but
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occasionally rendered almost meaningless by typographical
errors and deficient layout. Having made the investment in
these chapters, the information in the rest of the book can be
very powerfully stated. There is a later translation from
FLAP to 360AL for those who might find it helpful.
Thereafter, the topic of sorting is covered with detailed
scholarship: sorting by selection and searching, using sublists
and address calculation; merge, replacement, and polyphase
sorting. The newer technology of disks and drums and relev
ant sorting tactics are also treated. There is an exhaustive
qualitative and quantitative comparative analysis, including
timing comparisons.
Since the manufacturers seemed to have solved sorting
problems for the computing community, one may ask—why
should such a book be published in 1969? The answer is that
it is intended as a textbook for graduate students in com
puting science. As a textbook, it is extensive but expensive,
sound in construction and material, but riddled with annoying
typographical errors. Problems are given (no answers) with
each chapter and the text would be of continuing value to a
student of computer science. For implementation, there is
some discussion on practical points to be considered in a pro
duction environment. The sorting topic is exhaustively treated
with an economy of words.
H. F. BROPHY.
John H. Bradley, Programmer’s Guide to the IBM System/360.
McGraw-Hill Book Co., 1969, 336 pages. U.S.$14.25.
This title implies a broad topic, within which the author
confines himself to an introductory treatment of the Basic
Program Support (BPS) system of software for the IBM
System/3 60 Model 30. There will be nothing in the book to
interest the programmer involved in other areas of software
support, namely BOS, TOS, DOS and OS. The author’s justi
fication for singling out BPS is that early survey figures indi
cated it as the most widely used. He has drawn on his experi
ence as an instructor and course designer within IBM.
Consequently the application of the book is mainly as a text
which would usefully supplement a formal training in the
elements of BPS with emphasis on the Assembler language.
It will have some value as a reference book for the practising
programmer, due to the inclusion of an instruction summary,
appendices containing card code, EBCDIC and USASCII
character representations and a variety of tables throughout

the text. However, all of these are supplied in IBM reference
manuals and the tables in Bradley’s book are not easy to
locate, due to the absence of a directory.
The sequence is well planned and the material covered is
explained clearly and thoroughly. However, the book stops
short in certain areas. In particular, the use of direct access
devices is excluded, file organisations other than serial are not
treated and for a description of physical IOCS, the reader is
referred to the appropriate IBM manual. Some selectivity was
clearly unavoidable when one considers that IBM required
about 30 reference manuals to fully describe BPS. However,
a serious omission is the failure to cover the scientific instruc
tion set which, although optional hardware, is a prerequisite
for BPS FORTRAN. That an entire chapter is devoted to
decimal arithmetic, also optional, is a reflection that the book
is aimed at the commercial programmer, yet here we have the
author’s own remark that “. . . FORTRAN is now being used
with increasing frequency in the solution of the problems of
the business community”.
Each chapter is accompanied by comprehensive sets of
questions and problems, with selected answers and solutions
at the end of the book. Eight chapters are taken to provide
the introduction to the hardware, based on Model 30, the
BPS system and the instruction set.
Separate chapters, covering 66 pages in all, are devoted to
each of the instructions EDIT, EDIT AND MARK, TRANS
LATE and TRANSLATEj AND TEST.
Whilst these are
infrequently used instructions, they are the most difficult to
master and one would be unlikely to find a better treatment
of them elsewhere.
The book concludes with chapters on preventive and cor
rective program maintenance. The first explains Assembler
directives as the author presents a handy introduction to good
documentation practices. Under corrective maintenance, a
reasonable attempt is made to cover the rather nebulous topic
of dealing with program errors which have not been antici
pated by preventive maintenance, but a misleading and
ineffective section on “Identifying the Endless Loop” should
have been left out.
The book itself seems free of typographical errors and it is
unfortunate that the jacket—one’s first exposure to it—is
enhanced by a coding sheet containing Assembler instructions
with several glaring errors.
B. F. BUTTERFIELD.

Letters to the Editor
The Editor,
Dear Sir,
First let me congratulate M. R. G. Fielder on his
articles on Commercial A.D.P. Training which appeared
in the last two editions of The Australian Computer
Journal (Vol. 1. No. 5, and Vol. 2, No. 1). However,
having more than a passing interest in the matter, I
would like to take him to task on one point he made in
Part 2. The author asserts that A.D.P. Training Officers
should write programs other than training exercises in
order to keep in touch with the machine and current
developments. While theoretically this sounds very laud
able, I feel it to be something of a platitude. Surely there
are ways in which training officers; no matter what their
speciality, can keep in touch with developments in their
own particular discipline?
Any well-run installation, or any with aspirations in
that direction, should have clearly defined work groups
with equally clearly specified tasks together with the
necessary control documentation to monitor pro
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grammer performance and to provide feedback on this
vital area to A.D.P. Management. To inject into this
framework a couple of programs written and developed
by a training officer on a part-time basis would tend to
disrupt the whole control system.
If we take A.D.P. Training seriously the ideal is for
the Training Officer to be just that; a full-time specialist
with access to A.D.P. Management and Senior Special
ists so that he is always up to date with developments.
Given the qualities which any trainer should possess
and the interest and experience in the field which make
him worthy to hold the position the A.D.P. Training
Officer should have no trouble keeping up-to-date
without getting entangled in the day-to-day running of
the installation.
Yours faithfully,
W. HANLON.
Flat 1, Roland Court,
Thomas Street,
Wollongong, N.S.W. 2500.
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Branch Notes
CANBERRA
Since the last Journal was published, the following
addresses have been given:—
February—Rerun Facilities and Data Security in
Large Magnetic Tape Systems. Messrs. A. P.
Smithies and J. H. Raeburn, EDP Division, De
partment of Defence.
March—Computer Science, Programming and Profes
sionalism in Computing.
Chairman’s Presi
dential Address by Mr. B. W. Smith, Govern
ment Systems Manager, Compunet Ltd.
April—The Computer and the Law: The Computer as
Friend and not Fiend. Professor D. J. Whalan,
Professor of Law in the University of Queens
land.
NEW SOUTH WALES
The program for general meetings in 1970 is still
being formulated. We expect to be addressed by at
least four overseas speakers, plus an assortment of
local ones.
The Annual Residential Conference at Terrigal is
currently being planned, with the theme “A Progress
Report on Data Communication”. This year the Con
ference has been brought forward to August and the
dates are 28th-30th August.
The Annual General Meeting of the Branch was
held in March and the following office-bearers were
appointed:—Chairman: Mr. Bob Rutledge, C.S.R. Co. Ltd.
Vice-Chairman: Mr. Peter Farrell, P.A. Management
Consultants Pty. Ltd.
Hon. Secretary: Mr. David Barry, Applied Systems
& Programming Pty. Ltd.
Asst. Secretary: Mr. Graham Grimsdale, Compunet
Ltd.
Hon. Treasurer: Mr. Andy Kaldor, Kaldor & Associ
ates.
Asst. Treasurer: Mr. Keith Pirie, Kimberley-Clark of
Aust. Pty. Ltd.
In addition, the following seven committee members
were appointed:—
Professor John Bennett, University of Sydney.
Mr. Arthur Cooley, Applied Systems and Programming
Pty. Ltd.
Mr. Eric Cowled, E. H. Cowled Pty. Ltd.
Mr. Derrick Davey, International Computer (Aust.)
Pty. Ltd.
Mr. Mick Norsa, Caltex Oil (Australia) Pty. Ltd.
Mr. Alex Smith, Compunet Ltd.
Mr. Wal Storer, Blue Metal Industries Ltd.
QUEENSLAND
New Branch Executive Committee
The members of the Branch Executive Committee
for 1970-71 are:
A. W. GOLDSWORTHY, Bureau of Census and
Statistics, Chairman.
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A. W. COULTER, R. Corrie & Co., Vice-Chairman.
N. A. DICKSON, Bureau of Census and Statistics,
Hon. Secretary.
I. G. PETTY, I.C.L., Assistant Hon. Secretary.
K. G. ERNST, Brisbane City Council, Hon. Treasurer.
R. E. KELLY, University of Qld., Ex-Officio.
J. W. BARKER, Q.U.F. Industries Ltd., Committee
Member.
K. J. PERKINS, N.C.R., Committee Member.
J. M. MARSHALL, I.C.L., Committee Member.
I. OLIVER, Computer Consultant, Committee
Member.
A. J. TDUZEAU, I.B.M., Committee Member.
J. B. SANDS, Brisbane City Council, Committee
Member.
H. C. WILLIAMS, Lamson Paragon Ltd., Committee
Member.
A.S.A. Lecture Programme
A program of nine monthly lectures has been
arranged by the Queensland Branch of the A.C.S. for
the benefit of the A.S.A. The lectures will be presented
by members of the A.C.S., and the topics will be as
follows:
(1) March: “Computer Processing of Accounting
Information”. Speaker: Mr. K. Ernst, Brisbane
City Council.
(2) April: “Design of an Accounting System”. Speaker:
Mr. G. Turnbull, Arthur Andersen & Co.
(3) May: Case Studies (2)—Payroll. Speakers: Mr. J.
Roche, Queensland Railways; Mr. J. Barker,
Q.U.F. Industries Ltd.
(4) June: Case Studies (2)—Invoicing and Debtors’
Ledger (including sales analysis, etc.). Speakers:
Mr. J. Barker, Q.U.F. Industries Ltd; Mr. G.
Hill, A.C.F. & Shirleys Fertlizers Ltd.
(5) July: Case Studies (2)—Inventory, Stock Control,
and Creditors’ Ledger. Speakers: Mr G. Hill,
A.C.F. & Shirleys Fertilizers Ltd.; Mr. K. Timms,
Foodstuffs-Q.C.T. Ltd.
(6) August: Case Studies (2)—Auditing. Speaker: Mr.
P. Pearce, Arthur Andersen & Co.
(7) September: Case Study (1)—Planning and Budget
ing. Speaker: Mr. E. Iselin, University of Queens
land.
(8) October: “Management Information System”.
Speaker: Mr. P. Richards, University of Queens
land.
(9) November: “The Latest Developments and Their
Relevance to Accounting”.
Speaker, Mr. A.
Coulter, Corrie & Co.
Civil Engineering Study Group
During the latter part of 1969 a study group was
formed to enable members to further their knowledge
of how computers may be used in civil engineering
fields. The response to the idea of such a group by
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engineering firms, government departments and instru
mentalities, and individual engineers was most encour
aging, and it appears that this will prove to be a very
active group. At an initial meeting in November to
launch the group, the Branch Chairman spoke to
potential members on the aims and purposes of the
group and a committee was elected, with Mr. K.
Crellin as Convener, to plan a program of activities
for 1970.
The following program of seven meetings has
been drawn up:
April 21: Seminar—“The State of the Art”. Speakers:
Mr. G. McMonagle, Blain Bremner & Williams;
Mr. J. Gralton, Co-ordinator General; Mr. J.
Ward, Irrigation and Water Supply; Dr. R. Milner,
Q.I.T.
May 19: Lecture—“Computers in Road Design”.
Speaker: Mr. G. Smith, Main Roads Department.

June 15: Seminar—“Problem Oriented Languages and
their Relevance to Engineering”. Speakers: Mr.
G. Brameld, Cameron McNamara & Partners;
Mr. L. Pope, Main Roads Department; Mr. J.
Casas, I.B.M. Australia Limited.
July 20: Lecture — “ICES — Integrated Civil
Engineering System” (Package by M.I.T./I.B.M.).
Speaker: Mr. R. Neilsen, Civil Engineering
Department, University of Queensland.
August 17: Lecture—“Future Hardware Develop
ments”. Speaker: Mr. R. E. Kelly, Department
of Computer Science, University of Queensland.
September 21: Lecture—“Finite Element Method of
Analysis”. Speaker: Dr. J. Meek, Civil Engineer
ing Department, University of Queensland.
October 19: Lecture—“Critical Path Method of Analy
sis”. Speaker: Mr. K. C. Crellin, Scientific &
Technical Computing Centre.

Errata
An Algorithm For In-Situ Permutation
by I. D. G. Macleod
Vol. 2, No. 1, pp. 16-19, February, 1970
There were several typographical errors in the
Appendix to the above paper. The following is the
corrected version.
Appendix
procedure PERMUTE (A, NA);
value NA; integer NA; array A;
begin integer SUC, PRE, CAND, CRRNT, LIMIT,
TALLY;
real SAVE;
boolean TRIVIAL;
STEP1:
TALLY: = CAND: =0;
TRIVIAL: =true; LIMIT: =NA—1;
STEP2:
CAND: =CAND+1;
STEP3:
SUC: =NEXT(CAND);
if SUC<CAND then go to STEP2;
STEP4:
PRE: =L AST (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

02

SAVE: =A[CAND];
A[CAND]:=A[SUC];
A[SUC]: =SAVE;
TALLY: =TALLY+2;
go to STEP9
end
begin
TALLY: =TALLY + 1;
go to STEP9
end;
STEP7:
TRIVIAL: =false; go to RETRACE;
STEP8:
CRRNT: =SUC;
TRACE:
CRRNT: =NEXT (CRRNT);
if CRRNT=PRE then go to RETRACE;
if CRRNT > CAND then go to TRACE
else go to STEP2;
RETRACE: SAVE:=A[CAND]; CRRNT:=CAND;
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;
STEP9:
if TALLY < LIMIT then go to STEP2
end OF PERMUTATION VIA CYCLE TRACING;
else
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The Standards Association of Australia
Standards Sub-Committee MS/20 — Computers
and Information Processing
GENERAL
Sub-Committee MS/20 met on 3rd December, 1969.
It is worth noting that seven draft Australian Standards
Nos. 1437-1442 had been circulated for public review.
A further six drafts on subjects relating to numerically
controlled machines were circulated in January, 1970.
A second Australian Standard, X2-1969, on flow
chart symbols was approved on 23rd July, 1969. It
is hoped that further publication of Standards will re
sult this year from the documents currently out to
public review.
The report of the International Organization for
Standards, Technical Committee 97 (ISO/TC97) for the
fifth plenary meeting of June, 1968 has been received.
The document is numbered ISO/TC97 (Secretariat194) 292E. It contains reports by the various ISO/
TC97 Sub-Committees, as well as reports of discussions
and decisions of ISO/TC97.
New Australian Standard
AS X2-1969 681.3:003.62
Title: Flow Chart Symbols for Information Processing.
Date: 1969.
Pages: 10.
Abstract: This standard specifies a series of thirty-two flow
chart symbols for use in information processing. These
symbols are identical with those specified by the ISO
draft recommendation 1299 (Revised Text) of October,
1969 numbered ISO/TC97 (Secretariat-186) 248E, for
which twenty-three countries voted in favour. Although
the content and format of this standard closely follow
the ISO draft recommendation, reference was also made
to BS 4058 Part 1, 1966, and USAS X3.5-1966. It is to
be noted that the symbols used vary from those currently
in use in Australia for certain particular functions.
Index: Flow chart, graphics, system design, program design.

Documents for Public Review
The following documents have been passed to public review.
Doc. 1493: Code for Numerical Control of Machines.
Doc. 1494: Axis and Motion Conventions for Numerically
Controlled Machines.
Doc. 1495: Punched Tape Block Formats for the Numerical
Control of Machines—Coding of Preparatory Functions
G and Miscellaneous Functions M.
Doc. 1496: Interchangeable Punched Tape Variable Block
Format for Positioning and Straight-Cut Numerically
Controlled Machines.
Doc. 1497: Punched Tape Variable Block Format for Position
ing and Straight-Cut Numerically Controlled Machines.

British Standards
The following British Standards on Digital Data Trans
mission are also available from SAA.
BS 4505: Part 1: 1969: Digital Data Transmission, Part 1.
Basic mode control procedures.
BS 4505: Part 2: 1969: Digital Data Transmission, Part 2.
Character structure for start/stop and synchronous trans
mission.
BS 4505: Part 3: 1969: Digital Data Transmission, Part 3.
The use of longitudinal parity to detect errors in informa
tion messages.
BS 4421: 1969: A Digital Input/Output Interface for Data
Collection Systems.
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Abstracts
The following abstracts have been received covering docu
ments issued by the noted ISO Sub-Committee. Copies of
original documents are available from:
Mr. R. K. Profitt,
Engineering Secretary, Committee MS/20,
Standards Association of Australia,
Clunies Ross House,
191 Royal Parade,
Parkville,
VICTORIA. 3052

Expert Group SCI
ISO/TC97/SC1 (Secr.-52) 113F/E
Title: Vocabulary of Information Processing, Section B,
Mathematics and Logic, Second Working Document.
Date: April, 1969.
Pages: 20.
Abstract: The second working document (in French and
English) on the vocabulary section containing terms relat
ing to mathematics and logic.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (A11.-4) 121E
Title: German Comments on the Vocabulary of Information
Processing, Chapter C—Engineering Terms.
Date: March, 1969.
Pages: 6.
Abstract: As well as specific comments on terms in Chapter C,
this document requests that SCI should not undertake
to develop its own definitions of terms which are used in
other related technical areas but should incorporate tech
nical concepts into the terminology standard if they are
mainly used in information processing and rarely in other
fields.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (AI1.-5) 122E
Title: German Comments on First Working Document, Sec
tion G—Arithmetic and Logic Operations.
Date: March, 1969.
Pages: 3.
Abstract: Suggestions for deletions, additions and alterations
of terms and definitions proposed in the First Working
Document.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SCX (A11.-7) 124E
Title: German Comments on Vocabulary of Information Pro
cessing, Chapter M—Operating Techniques and Facilities.
Date: March, 1969.
Pages: 2.
Abstract: Suggested alternatives for a small number of the
terms proposed for Chapter M.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (AIL-8) 12SE
Title: German Comments on First Working Document of
Section B—Mathematics and Logic.
Date: March, 1969.
Pages: 4.
Abstract: Comments on specific concepts of Mathematics and
Logic relative to the terms presently appearing in the
First Working Document.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (All-9) I26E
Title: German Comments on First Working Document of Sec
tion J—Formalisation and Preparation of Programs.
Date: March, 1969.
Pages: 6.
Abstract: Suggestions for deletion of some terms and the cor
rection of some of the present entries.
Index: Glossary, Vocabulary, Dictionary.
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ISO/TC97/SC1 (All.-lO) 127E
Title: German Comments on First Working Document of Sec
tion K—Programming Techniques.
Date: March, 1969.
Pages: 2.
Abstract: Suggestions for removal of a number of concepts
considered not to be useful and the introduction of some
new terms.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (Secr.-61) 138F/E
Title: Vocabulary of Information Processing Resolutions taken
at the Fifth Meeting of Sub-Committee 1, Vocabulary—
Washington, 19th to 23rd May, 1969.
Date: May, 1969.
Pages: 3.
Abstract: This Document is in French and English and con
tains a useful summary of those sections of the Vocabu
lary that have already been completed and those that
remain to be done.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (Secr.-67) 144F/E
Title: First Working Document Vocabulary of Information
Processing, Section L—Instructions.
Pages: 15.
Abstract: A First Working Document prepared by the Secre
tariat of Sub-Committee SCI on Section L of the Vocabu
lary of Information Processing. The Document contains
terms and descriptions appropriate to various types of
computer instructions. The Document is in French and
English.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (Secr.-72) I49F/E
Title: Draft for additional terms to Section 01, Vocabulary of
Data Processing, Operations Research.
Date: September, 1969.
Pages: 5.
Abstract: Following the Fifth Meeting of the Sub-Committee
in Washington in May, 1969, it was decided to add to
Chapter 1, Fundamental Terms in Operations Research.
This Document is the First Draft Proposal for a suitable
set of terms and is in French and English.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (USA-21) 150E
Title: USA Comments on First Working Document of Section
K—Programming Techniques.
Date: September, 1969.
Pages: 23.
Abstract: USA Member Body comments on the First Work
ing Document on Section K as reviewed by USASI Task
Group X3.5.2 in collaboration with experts from other
USASI subgroups. The USA proposes to make no sub
stantial changes in the sequence in which entries of Sec
tion K are given. Minor adjustments are therefore indi
cated in specific USA comments.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SCI (Paris 69-2) 156F/E
Title: Vocabulary of Data Processing, Additional Terms to
Section 01—Operations Research.
Date: October, 1969.
Pages: 3.
Abstract: A set of eight entries from Operations Research to
be included in Clause 01.5 of Document 97/1 N 140,
following an earlier decision of SCI to include such
terms in Chapter 1 of the Vocabulary.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (USA-22) 157E
Title: First Draft of Working Document for Hardware Sec
tion of ISO/TC97/SC1 Vocabulary.
Date: October, 1969.
Pages: 4.
Abstract: This Document is the result of deliberations by
USASI Task Group X3.5.2 on the development of a sec
tion or sections on hardware for the ISO/TC97/SC1
Vocabulary. No claim is made to completeness of cover
age of the subject matter but the Document is an initial
attempt at a new section of the Vocabulary.
Index: Glossary, Vocabulary, Dictionary.

ISO/TC97/SCI (Paris 69-5) 160F/E
Title: Report of the Permanent Editing Panel concerning
Section 01.
Date: October, 1969.
Pages: 8.
Abstract: Following the May Meeting of SCI, a Permanent
Editing Panel for examination of sections of the pro
posed Vocabulary was established. This Document is the
first report of that Panel, following an examination of
Section 01. Two groups of changes have been suggested.
One group involves the alteration in substance to the
terms and definitions of Section 01. The second group
is concerned solely with editorial matters.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (Secr.-74) I6IF/E
Title: Resolutions taken at the Sixth Meeting of SubCommittee 1—Paris, 6th to 10th October, 1969.
Date: December, 1969.
Pages: 5.
Abstract: Included amongst the general resolutions is a
decision to circulate for ballot by Sub-Committee mem
bers Sections B, G and K of the proposed Vocabulary.
A second significant resolution was the decision to sub
divide future program of work into three main areas,
namely, Data, Programming, and Equipment and Tech
niques.
Index: Glossary, Vocabulary, Dictionary.
ISO/TC97/SC1 (Seer .-75) 162F/E
Title: Vocabulary of Data Processing, General Scheme of the
Sections of the Vocabulary.
Date: December, 1969.
Pages: 3.
Abstract: This Document sets out in detail the proposed Pro
visional Index, Chapter Numbers, Current State and
Chapter Title for the ISO Vocabulary of Data Processing.
To date, 26 Chapters have been identified. Of these,
Chapters 1-Additional Terms, 4-Organisation of Data,
5-Representation of Data, and 6-Preparation and
Handling of Data, have been submitted to the vote of
ISO Member Bodies as a Draft ISO Recommendation.
Chapters 2-Mathematics and Logic, 7-Arithmetic and
Logic Operations, 10-Formalisation and Preparation of
Programs and 11-Programming Techniques have been
submitted to a vote of Sub-Committee members.
Chapters 9-Information Theory, 12-Instructions, and 24Numerical Control of Machines and Processes are
currently being studied. Chapters 13-Operating Tech
niques and Facilities, 16-Control Devices, Input and Out
put Equipment, 17-Component Units of Arithmetical
Equipment, and 18-Storage Techniques have been listed
to be studied.
Index: Glossary, Vocabulary, Dictionary.

Expert Group SC2
ISO/TC97/SC2 (Sec.-124) 399
Title: Code Expansion and a Structure for a Family of 8-bit
Codes.
Pages: 12.
Abstract: This is an ISO Draft proposal. While the 7-bit
Code is the agreed code for general information exchange,
an 8-bit Code is being defined for 8-bit media usage and
file storage. Representation of 7-bit in 8-bit and 8-bit in
7-bit is defined.
SAA Action: This significant Document should be reviewed
by interested parties.
ISO/TC97/SC2 (Nap. 69-13) 395
Title: Possible Change to ISO Rec. 646-1967.
Pages: 2.
Abstract: This working paper suggests some footnotes to be
added to the recommendation to clarify the situation
between
(i) £ (pound)
(ii) # (Number sign)
(iii) $ (dollar)
(iv) X (currency).
SAA Action: Comments are solicited from interested parties
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ISO/TC97/SC2 (Sec.-X5) 408
Title: Contribution on Graphical Representation of Control
Characters of 7-bit Code.
Pages: 9.
Abstract: This German contribution seeks conformity between
ISO/TC97 proposal (Doc. 351) and ISO/TC96 document
on office machine symbols (Doc. DR1451). The logic
behind the recommended symbols is explained. Six sym
bols are involved.
SAA Action: For information.
ISO/TC97/SC2 (Sec-126) 401E
Title: Second Draft ISO Proposal for Representation of 8-bit
Patterns on 12-row Punched Cards (Supersedes Doc.
369).
Pages: 5.
Abstract: Specifies the hole-pattern assigned to each 8-bit
pattern. The first half of the table (b8 = o) is exactly the
patterns assigned to the 7-bit Code (ISO Draft Rec. 1679
and SAA Draft Doc. 1140).
Action Required: To be processed by ISO under accelerated
ISO procedures.
ISO/TC97/SC2 (Sec-127) 402
Title: Resolutions of Sixth Meeting of SC2 in Naples. 12th14th May, 1969.
Pages: 6.
Abstract: Gives a summary of current SC2 considerations.
(a) Representation of Decimal Numbers in Packed
Numeric (Refer Draft Rec. in Doc. 347). Requests
members to contribute working papers on subject of
delimiting. Draft Proposal will not be further pro
cessed until these matters are resolved.
(b) Representation of 7-bit patterns on 12-row punched
cards. Revised table in Doc. 394 is to be added to
Draft Rec. 1679 (Distributed in Australia as Draft
Spec. 1440).
(c) Magnetic Tape Labelling (Draft Rec. 1323—Austra
lian Draft Spec. 1441). Some errors in the Draft are
to be corrected.
(d) Coding of MICR and OCR character sets. Revised
Document based on Doc. 385 to be processed under
accelerated procedures.
(e) Graphical Representation of Control Characters.
Revised document based on Doc. 390—to be pro
cessed under accelerated procedures.
(f) Representation of 8-bit patterns on 12-row punched
cards. Current situation is Doc. 401, which is second
draft of this ISO proposal.
(g) Amendments to ISO/R646 (7-bit code). Refer to
Docs. 395, 396.
a) #, $, £ problem
b) Preferred graphics
, -{, J-, and j.
(h) Code Expansion.
Refer to Doc. 393. The latest we have is 372.
(i) 8-bit Codes.
Working papers are requested on “Examples of
Assignment of Characters to Cols. 8-15 of 8-bit
codes.
(j) Code Extension Procedures.
Refer to Doc. 397. Latest we have is 371. To be
processed under accelerated procedures.
(k) Registration of Escape Sequences.
An expert group has been formed within SC2. Docs.
409, 410, 411 and 412 are applicable.
(l) Recording of Binary Data.
Refer to Doc. 273.
(m) Implementation of ISO Code on interchangeable
media.
a) Disks—Doc. 322.
b) Edge-punched cards—Doc. 323.
ISO/TC97/SC2 (Sec-133) 411
Title: Draft ISO Proposal for Classes of 3-character Escape
Sequences.
Pages: 6.
Abstract: This is revision of Doc. 398. Escape sequences take
the form of ESC (I) (F).
Classes are defined for
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(a) Defining full 128 Char. Set
(b) Defining part of Code Table
(c) Defining single characters.
SAA Action: Comments were requested by 1st December. A
final version will be distributed for vote after this time.
ISO/TC97/SC2 (Sec-131) 409
Title: Draft ISO Proposal for The Procedure for the Registra
tion of Escape Sequences in Data Processing.
Pages: 4.
Abstract: Note that it is not proposed to assign standard
meanings to escape sequences but instead maintain a
register which shall be internationally accepted. The
registration authority is AFNOR (French Standards
Association).
In Australia, these registrations must initially be made to SAA
as the Member Body of ISO. Note that a special regis
tration may be necessary for National options.
SAA Action: This requires voting action by 30th January,
1969, from SAA.
XSO/TC97/SC2 (UK-20) 371
Title: Contribution on Code Extension Procedures for ISO
7-bit Code.
Pages: 13.
Abstract: Code Extension refers to the use of the 7-bit code
for characters other than those included in the Standard.
This is done through use of the Characters
ESC Escape
50
Shift Out
51
Shift In
ESC is intended to provide additional control characters (other
than transmission control characters which are provided
for by DLE) or completely new character sets. SI and
SO are used exclusively for the extension of the 95character graphic set of the 7-bit table.
The use of special characters would be registered.
SAA Action: This is a slight revision of Doc. 349 and is dis
tributed for information and comment. Refer to later
Documents 397, 398 and 411.
ISO/TC97/SC2 (UK-21) 372
Title: Code Expansion and a Structure for a Family of 8-bit
Codes.
Pages: 12.
Abstract: This working paper is intended to supersede Docu
ment 350, and specifies the structure of 8-bit codes each
of which contains the 7-bit Code (ISO R646 and SAA
Xl-1969) as a dense subset.
It is being defined for information interchange between
8-bit media and is recommended for file storage.
A close relationship with 7-bit Code Extension procedures is
described.
SAA Action: Information and comment is requested. Refer
to later Document 393.
ISO/TC97/SC2-396
Title: Consideration of a possible change of ISO R646-1967.
Pages: 1.
Abstract: Change to ISO R646-1967 (corresponds to Austra
lian Standard Xl-1969, 7-bit Coded Character Set), to
incorporate preferred graphics in 4 national use positions.
The recommended graphics are those already selected by Aus
tralia for our national use.
SAA Action: Information only.

Expert Group SC4
ISO/TC97/SC4/WG1 (UK-2) 200
Title: United Kingdom Proposal for Unrecorded Magnetic
Tape 1600rpi (63rpmm), Phase Encoded.
Date: May, 1969.
Pages: 16.
Abstract: This Document is a working paper prepared by the
United Kingdom. It specifies proposed standards for the
composition, mechanical characteristics and magnetic
properties of the tape indicating allowable tolerances. It
also describes tests to be used for drop-ins and drop-outs.
Finally, it describes the structure of reels (spools) and
recommends dimensions, and tolerances for these, as well
as labelling conventions.
Index: Unrecorded Magnetic Tape-16rpi, Magnetic Tape1600rpi, Magnetic Tape Reels, Reels-Magnetic Tape.
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ISO/TC97/SC4/WG3 (Secr.-42) 136
Title: First Draft ISO Proposal Reels and Cores for 1” (25.4
mm) Perforated Paper Tape for Information Inter
change.
Date: lanuary, 1969.
Pages: 7.
Abstract: This Draft Proposal recommends physical dimen
sions for take-up (or storage) reels with separable flanges,
and for cores to enable rolls of perforated tape to be
interchanged among machines of various manufacturers.
Physical characteristics, together with illustrations, for a
compatible reel and core are provided.
Index: Paper Tape Reels and Cores, Reels and Cores-Paper
Tape.
ISO/TC97/SC4/WG3 (USA-18) 139
Title: Working Paper for 3.25” x 8.50” Edge Punched Paper
Cards for Information Interchange.
Date: May, 1969.
Pages: 26.
Abstract: This Document is an extremely comprehensive
working paper prepared by the United States. It specifies
dimensions and tolerances for both the cards and the
punched holes, and for the positioning of the latter
within the card. It describes the physical characteristics
and composition of the base paper used to prepare the
cards, and the test methods which are to be used in
evaluation of the properties of the paper.
Appendix A specifies environmental conditions for the use of
the cards, and describes conditioning processes which
may be necessary prior to use.
Index: Cards-Edge Punched, Edge Punched Cards.
1SO/TC97 (Secr.-182) 280E
Title: Draft ISO Recommendation No. 1681, Specifications
for Unpunched Paper Cards.
Date: October, 1968.
Page: 20.
Abstract: This draft deals with the dimensions, material, and
physical requirements for unpunched paper cards to be
used for information interchange. It specifies inadmiss
ible defects, nominal and actual dimensions, edge and
corner requirements, allowable curl, and pre-printing
characteristics. It includes detailed requirements for the
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composition, structure, and physical test conditions and
testing methods for each property.
Appendix X specifies conditions of temperature and humidity
for both the use and storage of punched cards, describes
circumstances in which cards deteriorate, and suggests
recommended procedures for the handling and storage of
cards.
Index: Card Paper, Card Storage, Card Handling, Unpunched
Cards, Card Specification.
ISO/TC97 (Seer.-184) 282E
Title: Draft ISO Recommendation No. 1628, Dimensions and
Location of Rectangular Punched Holes in 80 Columns
Punched Paper Cards.
Date: September, 1968.
Page: 8.
Abstract: This recommendation specifies the location and
dimensions of rectangular punched holes in 80 column
paper cards. It prescribes principles for measurement,
hole shape and the dimensions and locations with toler
ances, both at the time of punching and at the time of
reading.
Appendix X to the document specifies conditions of tem
perature and humidity for both the use and storage of
punched cards, describes circumstances in which cards
deteriorate, and suggests recommended procedures for the
handling and storage of cards.
Index: Card Punching Specifications, Card Handling, Card
Storage.
ISO/TC97 (Seer.-206) 304E
Title: Draft ISO Recommendation No. 1729, Properties of
Unpunched Paper Tape.
Date: lanuary, 1969.
Page: 35.
Abstract: This recommendation describes the properties of the
materials from which paper tape is to be made in order
to be used for data interchange. The physical properties
of the paper tape are described, together with test condi
tions and methods of testing. Coiling requirements for
unpunched tape are also given.
Annexes A and B describe in detail sampling for testing, and
methods of pre-test conditioning of the tape, while other
Annexes contain considerable detail regarding the tests
and methods of measurement to be employed.
Index: Paper Tape-Unpunched, Unpunched Pape Tape.
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LEARN PROGRAMMING
Unlimited practical time on our IBM 1130
computer is available to all students
E.D.P. APPRECIATION
Full-time day course for duration
of three weeks or part-time night
course of six weeks.

1130 ASSEMBLER
PROGRAMMING
Fuil-time day course for duration
of eight weeks or part-time night
course of sixteen weeks.

REHABILITATION OF
MAGNETIC TAPES
By
LIPSNER-SMITH ULTRASONIC CLEANING

|

1'

'

j— i —
.a .

FORTRAN PROGRAMMING COBOL & P/L1
Full-time day course for duration PROGRAMMING

of four weeks or part-time night
course of eight weeks.

REMOVES
ALL
LOOSE
OXIDE

Full-time day course for duration
of four weeks or part-time night
course of eight weeks.

SYSTEMS ANALYSIS

FREE APTITUDE TEST

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

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

Full details obtainable from our brochure EDP/1.

•
BLOCK TIME

Send for more
information to:

AVAILABLE TO ENGINEERS & SURVEYORS
$45.00 per hour

TAYLOR’S
SCHOOL of COMMERCE
300 Little Collins St., Melbourne. 3000. ’Phone 63-2566

HAVE A

SMALL

CINETEC FILM EQUIPMENT ™
63 Mountain Street, Broadway, N.S.W. 2007
Phone: 211 0077

PROBLEM THAT THE

BIG BOYS CANT HANDLE?
• SPECIAL DISPLAYS?
• KEYBOARDS?
• NEED AUSTRALIAN CONTENT?
• WANT SOMEONE TO TAKE RESPONSIBILITY FOR INTERFACING
COMPETITIVE HARDWARE?

THAT’S THE KIND OF PROBLEM WE LIKE!
INFORMATION ELECTRONICS LTD
POST OFFICE BOX 713, CANBERRA CITY, A.C.T. 2601
TELEGRAPHS INFOLEC CANBERRA. TELEX. AA62244
42 MORT STREET, BRADDON, A.C.T. TELEPHONE 489499
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If you think DIGITAL only makes small computers, how come the
PD P-10 lets 63 users develop programs, run real-time experiments,
and process multiple batch streams—simultaneously?

DIGITAL EQUIPMENT AUSTRALIA
PTY. LTD.

PDP-10:

'

Interactive time-sharing,
batch processing, and real-time
operations simultaneously. 3
levels of monitors. Re-entrant
software. Seven user languages.
On-line debugging. Modular
expansion. All forms of bulk
storage. Communications
equipment. Real-time interfaces.
Write for a brochure.

Sydney: 75 Alexander St.,
Crows Nest. 2065
Melbourne: 60 Park St.,
South Melbourne. 3205

kkh
«r«[«.-■

Brisbane: 139 Merivale St.,
South Brisbane. 4101
Perth: 643 Murray St.,
West Perth. 6005

digit ail

ASSESS THESE FACTS
The FI-2 is the first practically-priced
memory system due to its simple, cost
saving construction. For well below
$ 1000.- you get 1024 words of 8 bits with
a speed of 4 /usee , an access time of
600 nsec , and read/write in splitcycle.
Where larger capacities are required,
additional FI-2 units can be used without
increasing the cost per bit.
The FI-2 is no bigger than a medium
sized book. Core matrix, decoding and
selection circuits, current drivers, sense
amplifiers, inhibit drivers and timing cir
cuits are included on five printed wiring
boards. Arranged side by side and hinged

by flexible interconnecting strips, the
boards form a convenient unit of only
120x180x75 mm.
The FI-2 has many applications, the most
obvious being equipmentforautomation,
instrumentation and process control,
and small office machines.
The FI-2 features the latest techniques.
LTC cores, I.C.’s and Silicon Planar Se
miconductors are used throughout.
The FI-2 is backed by Philips outstanding
technical information service including
product data, application bulletins and
instruction manual.
If these facts still don't convince you,
we'll tell you more.

electronics division of
Philips Electrical Pty. Limited
Sydney • Melbourne • Brisbane •
Adelaide • Perth • Canberra • Hobart •

PHILIPS

For price and size, FI-2 is the
’paperback’ among memory systems
(in performance it is priceless)

PHILIPS

CJ&-

uirtM*

38.2847
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Draw vour own
conclusions
with this new
time-share
terminal.
Now you can have a time-share terminal
that lets you see your data graphically—
instantly — as it prints out on your
Teletypewriter. Now you can plot for
comprehension, for meaningful report
illustrations, for permanent records.
And do it while the time-share
data’s coming in.
The HP 7200A Graphic Plotter is
the first major advance in time-share
flexibility since the Teletypewriter
itself. The Graphic Terminal feeds
from standard EIA ASCII inputs and
automatically plots computer data in
points, lines, curves, bar graphs, pie

charts, or any other useful engineering,
mathematical or business graphics you
need. Plot directly from the Teletype
keyboard, too, or silence the Teletype
writer and use the plotter alone.
It’s the end of the graphic time lag.
The HP 7200A is easy to use and
requires no special operating or
programming/language knowledge.
It plots smooth lines, not the staircase
drawn by the incremental recorder.
And it lets you position the graph
where you want it on any type or size
of graph paper up to 11" x 17".
Talk to your time-share service about

f

Hewlett-Packard's new
7200A Graphic
Plotter. If your service
doesn't offer it yet, have
them give us a call.
The Graphic Terminal.
For people who can
benefit from a dash
of art with their
cold hard
data.

TT

HEWLETTjhj^ PACKARD
GRAPHIC

RECORDERS

Hewlett-Packard Australia Pty. Ltd., 22-26 Weir Street, Glen Iris 3146, Telephone 20 1371.
XVI
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If you've heard
everything about PDP-10
except what it is...
This is what it is.
PDP-10 is a giant real-time computer system that reacts. Hardware and systems software is designed to re
spond in microseconds, with processor speeds sufficient to meet the most demanding requirements. Multi
programming in real-time, with swapping, time-sharing, batch—in any combination, simultaneously. And it is
big. The Processor has 366 powerful instructions, 16 general purpose registers, 7 nested priority inter
rupt levels, console Teletype, paper tape reader and punch, and the multi-programming hardware. The
Memory: parity checking, big 36-bit words, I.O^sec cycle time, and up to 262,144 directly addressable
words in the bulk core. I/O Capabilities: 200,000 36-bit words per second via the I/O bus. Up to 4 MHz
direct-to-memory transfer rate (one word per ^sec per memory bus). Easy interfacing via the DIGITAL module
line. Disk Systems: high speed swapping disks to 2,000,000 words. Disk packs to 40,000,000 words.
High capacity storage disks to 100,000,000 words. Magnetic Tape Units: seven and nine channels,
45 and 75 inches per second, 200,556, and 800 bits per inch, industry compatible. DECtape Systems:
compact 4-inch diameter reels, fixed address recording, 73,984 words per reel, file oriented with directories.
Line printers, Card readers & punch: 64 characters, 300 and 1000 lines per minute; 96 character,
600 lines per minute; 128 character, 500 lines per minute. 1,000 cpm reader (833 cpm for 50 Hz); 200365 cpm punch. And communications equipment, CRT displays, plotters, real-time interface equipment
including A to D converters. Language Processors include the Fortran IV compiler, re-entrant, and
producing highly efficient object codes. Its library contains 110 functions, including all scientific functions
specified by ASA standards. MACRO-10, a powerful two-pass assembler providing direct access to the PDP10 instruction set, but remaining completely device-independent. The COBOL compiler exceeds the latest
ASA level 2 specifications, also re-entrant. AID, based on the famous JOSS language—a simple language for
engineering and scientific problems. BASIC, a conversational problem-solving language which runs at high
speed utilizing minimum core. Utility Programs include TECO, an extremely powerful text-editing lan
guage. EDITOR, an easy-to-use line editor that produces or modifies MACRO, FORTRAN or other source files
from a Teletype. DDT-10 for on-line debugging. LOADER assigns consecutive core space and loads indepen
dently compiled programs. PIP transfers files between standard input-output devices. Batch Programs
under control of the monitor, supervise the sequential execution of a group of programs. Any programs that
can be developed on a console, can be run on BATCH. And Features that make the PDP-10 great: 3 levels
of monitors to match your specific needs. Re-entrant programs for all languages. Multi-programming hard
ware to protect users programs. Asynchronous memory system with multiple data paths for optimum through
put and fast transfer of data. Memory to 262K, all directly addressable. Hardware and
software priority interrupt for flexibility. 36-bit word for precision. A brochure will tell more.
Write to Digital Equipment Australia Pty. Ltd., 75 Alexander Street, Crows Nest. 2065.
COMPUTERS • MODULES
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THE UNIVERSITY OF SYDNEY

MANAGER

UNIVERSITY OF SYDNEY
COMPUTING SERVICE

The Computing Service, which forms part of the Basser
Computer Department, operates as a utility providing a
service to all Departments for non-administrative com
putations. The Department is currently equipped with a
KDF9, a CDC 1700, a DEC PDP J8 (these 3 machines
being interconnected) and an IBM 740/1401. A loading
terminal connected to a UNIVAC 1108 is being installed.
Planning has commenced in conjunction with the Univer
sity of New South Wales for a powerful combined
Centre to which the University of Sydney Service will be
connected.
The Manager will be responsible for the entire opera
tion of the Computing Service and will be expected to
work closely with academic, research and development
staff and external users so as to ensure an efficient and
effective computing service.
Applicants should have proven administrative ability
and experience at a senior level in various aspects of
computing.
Salary— $8,500-$12,000 p.a.
Additional information obtainable from Professor J. M.
Bennett, Basser Computing Department.
Applications by 15th May, 1970, or as soon as possible
thereafter to Registrar, University of Sydney, N.S.W.
2006, from whom information also available.

WESTERN AUSTRALIA
INSTITUTE OF TECHNOLOGY

The Bowe Decollator, as illustrated above, provides by the association of
modules, any combination from a two part set (one carbon) to unlimited
requirements in stages of one extra copy and carbon.

Lecturer in Computing (Commercial)
Lecturer in Computing (Scientific)

The carbon is wound on spindles and is readily removed after decollation.
The forms stack tray capacity is 1000 folded forms and is constructed to
ensure safe re-folding of continuous webs.

Applications are invited for the above position(s).
The Institute is one of Australia’s leading
colleges of advanced education.
It is
similar in function to a British Polytechnic.
As well as the traditional fields of Engi
neering, Architecture and Applied Science,
courses extend into the fields of Art and
Design, Social Studies, Asian Languages,
Paramedical Studies and Agriculture.
SALARY SCALE;
Lecturer $A5,300-$A7,300
A memorandum of information outlining conditions of
service and method of application is available from:
The Secretary,
Western Australian Institute of Technology,
Hayman Road,
BENTLEY. 6102
Western Australia.
When enquiring please quote A.C.J., and indicate in
which position you are interested.
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HIGH SPEED
FORMS HANDLING EQUIPMENT

The Decollator is equipped with tractor feed and optional facilities offered
are side cutters for excising perforations and centre cutters, maximum five,
for vertical cutting.
Machine will operate independently or “on line” with computer printers or
the sophisticated range of Bowe Guillotines. It can operate in tandem with
either or both simultaneously.
Working in tandem with the guillotine, bottom copy or copies can be
re-associated with top copies for “on line” guillotining by passing under
Decollator and merging whilst re-fanfolding intermediate copies.
A pistol handle remote control allows operation of the machine from any
position along its length and feed speeds can be accelerated in stages from
stop to approximately 7ft. per second.

Spicers Business Machines
(A Division of Spicers Paper Industries Ltd.)

MELBOURNE — SYDNEY — BRISBANE
AGENTS: Thornquest Press, South Aust.

Barclay & Sharland, West Aust.
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...mi THIRD GENERATION CALCULATOR
THAT HAS BEEN WORTH WAITING FOR!
We cannot promise you immediate delivery, because demand has completely outstripped production. What we
can promise is the finest, most powerful desk calculator yet produced. A calculator worth waiting for. Look at
its basic features:
• PROGRAMMES STORED BY TAPE CASSETTES
Up to 20 blocks of 960 steps each.

• 960 CORE STORAGE PROGRAMME
• 120 DATA REGISTERS
Every register can add, subtract, multiply and divide.

• DUAL NIXIE-TYPE DISPLAY
12 digits plus 2-digit exponent (—98 to +99), each
register.

• BASIC KEYS
for +, —, x, -h, V x, x", 1/x, LogMX, Log„X,e‘, 10s,
IXI, INT(X), 7t

• SPECIAL FUNCTION KEYS
for SIN, COS, TAN, ARCSIN, ARCCOS, ARCTAN,
SINH, COSH, TANH, ARCSINH, ARCCOSH, ARCTANH, Polar Conversion, Rectangular Conversion,
Degree to Radian, Radian to Degree.

• USERS WITHOUT
REGULAR REQUIREMENTS
(STATISTICIANS, ETC.) MAY READILY SUBSTI
TUTE OTHER PROGRAMMES.
• COMMANDS FOR LOOPS, BRANCHES, SUB
ROUTINES AND DECISIONS
Unmatched Power for matrix and array operations.

• FASTEST EXECUTION TIME
Approximately 300 microseconds for + and —,
3.0 milliseconds for x, 3.5 milliseconds for -t-, 15
milliseconds for Log X, 15 milliseconds for e*, 250
milliseconds or better for trignometric functions.
• FULLY SELF-CONTAINED
With rear panel connector for Selectric Output
Writer.
• EXCLUSIVE INTEGRATED CIRCUIT DESIGN
First and only high-powered programmable calcu
lator with TTL integrated circuits (IC’s) for more
performance and reliability at less cost.
• OUTPUT DEVICES AVAILABLE INCLUDE TYPE
WRITER UNDER FULL FORMAT CONTROL AND
XY PLOTTER.

For further information or demonstration:

ASTR0NICS

AUSTRALASIA PTY. LTD.
TEL.: 69-0300

161-173 STURT STREET, SOUTH MELBOURNE, VIC. 3205
SYDNEY
ADELAIDE

31-6721
23-4022

BRISBANE
PERTH
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2-0271
65-4633

HOBART
N.Z. (AUCKLAND)

2-2711
54-7580
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Put a $2,000,000
computer on your desk.
Yes, it looks like an electric typewriter. But its tail is
plugged into a telephone line that links it to an IBM
System/360 computer located in an IBM Data Centre.
So you or your secretary or anyone in your office who
needs data information can use the typewriter to talk
to a computer. What about? Well, wholesalers can use
it for inventory and book-keeping, a statistician to
establish correlation factors, a journalist or a public
relations consultant for correcting and automatically
retyping drafts of articles or speeches, all sharing the
computer simultaneously with over one hundred
other users on-line to the system.
EASY DOES IT.
You can learn to operate Call/360 in about 4 hours.
At the other end of the line, IBM analysts and oper
ators maintain a round-the-clock supervision of the
computer. You can use the typewriter-like terminals
between 8a.m. and 5p.m. Five days a week.
IT WON'T TALK TO JUST ANYBODY.
Call/360 security is like a highly-sophisticated com
bination lock. The terminal can be operated only by
personnel with the right code. For example, having
pressed the button that places the IBM typewriter in
communication with the computer, it immediately
asks, "Type name, number Key".

If the operator fails to type back the correct details,
the computer answers with 'OFF' and takes no further
instructions until the proper code is given. Your
individual data files are similarly protected.
WHAT'S YOUR PROBLEM?
Call/360 will handle: Desk Calculations; On-line com
puting of more complex mathematical and statistical
work; Stored program computing: calls programs out
of storage for processing of data, and sends the answers
back via the terminal; Information retrieval from very
large files of stored information; Remote job entry for
processing off-line within two hours; Data Entry for
processing at regular intervals; Document handling
and composition; Cataloguing and enquiry.
BUY YOURSELF MORE TIME.
Call/360 lets you spend more time on design. More
time to work out solutions. More time to innovate.
Most important, you can solve problems more easily
and quickly. And solve problems you haven't had time
to solve till now. You need this service if you can't
always get time on a computer when you need it.
You can get to our computer every working day. For
all the facts on how Call/360 can help your operation
call your local IBM Data Centre. In no time at all you
can have all the answers on your desk.

IBM
CALL/360
Phone Canberra 48,8844, Melbourne 62.0471, Sydney 663.0381.
22406
xx

IBM166.97
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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:

Jaap

"Mlllldd

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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