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The MDS 7500 system:

A new way to stretch your computer time
without using software, programming . . .
or the computer.
All these operations performed off line: punching and reading cards and paper tape; data com
munication and printout.
• Simple to operate - needs no costly program
The new 7500 system lets you take the media
preparation.
conversion squeeze off your computer, provides
• Can be extended to maximum configuration without
hard-copy printout and is capable of performing as
the addition of expensive control units.
a data transmission terminal.
• Is independent of peak loads on the computer and
therefore always operates at maximum speed.
There's no need to acquire the entire system at
• Can be used in decentralised organisations with remote
once, either. Start with the unit or units you need
data-transmission as a complete, independent and
and add the others as your operation expands.
efficient data terminal.
For your 7500 system, you can choose from five
Contact NCR for complete information on the
different types of input media for conversion to five
revolutionary new 7500 system. And take the pressure off
different types of output media:
your overworked computer,
INPUT
Keyboard
Magnetic tape
Punched cards
Punched paper tape
Communications (receive) terminal

OUTPUT
Hard copy printout
Magnetic tape
Punched cards
Punched paper tape
Communications (send) terminal

NCR
Sydney 211-2188, Newcastle 2-4837, Brisbane 21-5211, Perth
21-9727, Hobart 34-3887, Melbourne 63-0271, Adelaide
51-5821, Townsville 72-1722, Canberra 48-6111.

The PDP-11 Family Grows On
This month: COMTEX-11
The greatest data communications software
story ever told.
Start with this: the PDP-11 UNIBUS™ concept. UNIBUS is
a natural system multiplexer with built-in hardware inter
rupt - ideal for multiple, asynchronous and synchronous
communications lines, expandable by its very nature. Add
the COMTEX-11 executive to schedule software interrupt
service routines between or over hardware priorities.
Ajready you have extraordinary communications handling
power, but read on.
Next, the terminal applications packages - prepared and
ready for many types of terminals, probably including the
ones you're using. But COMTEX software is soft where it
should be soft: you can add to the system by writing your
own terminal applications packages, and when you do,
you'll find that COMTEX-11 is transparent - no need to
worry about timing problems, line protocol, and other such
nuisances. Software and terminals can be mixed and
matched, because-all commands are device independent.
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Which brings us to the interface controllers, choice of four.
First is a 16-line, single speed multiplexer for low-cost data
concentration. Second is a single-line, asynchronous
interface with programmable character size and baud rate
- ideal for service bureau-type systems. Third is a synchro
nous line interface for remote concentrating. Fourth is an
automatic calling interface.
Combined with the unique and powerful architecture of the
PDP-11, COMTEX-11 is ideal for store-and-forward
message switching, source data collection, remote job
entry, text editing, message concentrating, inventory con
trol, and remote batching. In whatever application, its
price/performance is unequalled.
Now that you’ve read the introduction, get the unabridged
story. Next month still another member will join the PDP-11
family. Digital Equipment Australia Pty Ltd
75 Alexander St., Crows Nest. 2065 (439 2566)
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We’ve made a great computer
a lot better*
Varian’s new 620/L has a dra
matic price/performance ratio
that gives more computer in less
space at lower cost. The 620/L
is an advanced design of the
reliable, field-proven (over 1300
installed worldwide), systemsoriented 620/i computer.
Priced at only $6900, the 620/L
has an 8K, 16-bit, high-perform
ance memory that can be
expanded to 32K inexpensively.
Each 4K memory increment is
$2055.
What’s more, if you

don’t need 8K, you’ll find the
basic 4K, 16-bit 620/L very
attractive at $4825.
The 620/L is small, so small that
when fully expanded—a 32,768word system with all main frame
options and up to eight peri
pheral controllers—fits into just
21 inches of rack height.
The 620/L is 100% l/O-and soft
ware-compatible with the 620/i,
and new peripherals and soft
ware have been added. All peri-

pherals, software, and applica
tion packages (developed for
earlier 620 models), as well as
the 620/L itself, are off-the-shelf.
You know us. You know that
when we say we have something
better, we can prove it. Talk to
the big company in small com
puters.

varian
data machines
The Big Company in Small Computers

Sales offices of Varian Ply. Ltd. NEW SOUTH WALES: 38 Oxley St., Crows Nest. 2065. Phone (02) 43 0673. VICTORIA: 679 Springvale Road, North
Springvale. 3171. Phone (03) 560 7133. QUEENSLAND: 339 Coronation Drive, Toowong. 4066. Phone (072) 71 3277. WESTERN AUSTRALIA- 10 Stirling
Highway, Nedlands. 6009. Phone (092) 86 6930, 86 7493. NEW ZEALAND DISTRIBUTOR: Geo. W. Wilton & Co. Ltd., 410 Lower Hutt Road, Lower Hutt.
Phone 69 7099. 77 Carlton Gore Road, Newmarket, Auckland. Phone 360 467.
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FROM THE LEADERS
IN DATA TRANSMISSION
Telegraph multiplexers using d.c. signalling
techniques both as standard products and
custom designed for particular applications,
provide an economical method of computer
interfacing up to many hundreds of channels
of low speed data over telegraph/telephone
lines. A wide range of complementary d.c.
signalling converters for the remote terminal
end is available.
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Racal-Milgo modems are accepted through
out the world as the answer to high speed
data transmission problems. Speeds from
1200 to 1,000,000 bps are available, with
simultaneous voice and data optional on
some models.

To complete the computer/remote location
link, a range of CRT Terminals is now avail
able from Racal. They offer communications
flexibility as versatile as the computer, and
are an attractive alternative to mechanical
terminals previously used.

D.C. signalling converters, high speed modems, remote terminals, high speed and loiv speed
multiplexers and scanners, together with complete systems engineering and design capabili
ties in Australia make Racal the leaders in information transmission.

EEfEEB

47 Talavera Road, North Ryde, N.S.W. 2113 • 88-6444
45 Wellington Street, Windsor, Vic. 3181 • 51-9994
6 Darke Street, Torrens, A.C.T. 2607 • 86-1267
5 Rosella Avenue, Glenalta, S.A. • 78-5780
Terrace Chambers, P.O. Box 10242 Wellington, N.Z. • 41-608

The Australian Computer Journal, Vol. 3, No. 2, May, 1971

Hi

SIEMENS

Short-haul
medium-speed data traffic
Siemens GDN 4800 is a versatile data transmission
system. Like a modem it converts signals from a
remote data terminal (e.g. teleprinter, visual display
unit) into a form suitable for transmission via tele
phone cable to another data station (e.g. computer).
Features
□ Transmission of data over DC coupled unloaded
lines within city limits.
□ Full duplex operation over 2-wire lines.

□ Data transmission in any code at any speed up to
4800 bits/s.
□ Low interfering noise level.
□ High immunity to interference.
□ Low signal error rate.
□ Compatible with CCITT V24 Interface.
□ Low cost.
For further information and technical data contact:
Siemens Industries Limited
544 Church Street, Richmond, Victoria, 3121.

COMPUTER
DATA
TERMINAL
No. 1.

GDN 4800

DATA
TERMINAL
No. 3.

GDN 4800

DATA
TERMINAL
No. 2.

GDN4800

DATA
TERMINAL
No. 4.

Siemens GDN4800
Data Transmission System
iv
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your photo
reader still
work when you
k give it the
II Horry”
P treatment?
* The new
Tally will.

Here’s a reader that doesn’t care
whether you feed it oily, dirty, or dis
colored tape. This low cost SOO char/
sec Tally photo reader uses a new bi
furcated fibre optic reading technique.
Tapes with up to 70% transmissivity
(30% opacity) are easily and accurately
read. Ambient light doesn’t affect read
ing reliability.
Price of the R-5000 Reader—with inte
gral reeling and DTL/TTL compatible
electronics—is a low $1500.
There are only three moving parts in the
bi-directional R-5000, the capstan servomotor
and the two reeling motors. Fewer moving
parts cut maintenance.
The R-5000 pinned sprocket capstan drive
reduces edge guidance problems (skew).
| There are no pinch roller brakes to wear

I

^The Tally R-5000 reads 5, «, 7, or 8 level
punched tapes without adjustment The unit
reads up to 300 char/sec asynchronously, 500
continuously or 1200 in the wind or search mode.

WARBURTON FRANKI
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• ADELAIDE 56-7333

• MOUNT GAMBIER 2-3841

• BRISBANE 51-5121

• NEWCASTLE 61-4077

• HOBART 23-1841

• SYDNEY 648-1711

• LAUNCESTON 31-3300

• WOLLONGONG 2-5444

• MELBOURNE 69-0151

• WHYALLA 45-0216

WF2231
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35 years ago. A pulp and paper mill. 600 employees.
That was our beginning.
Today we’re quite a bit larger. At Burnie we’re now
a saw and pulp mill. Two paper mills. A timber mill.
We’re also half a million acres of crown and freehold
forest. A coating mill at Ballarat. Two pulp mills, a
paper mill and a flakeboard mill at Wesley Vale. And

shortly a chip mill at Long Reach. Now we are over
4000 people strong. This development means em
ployment and many millions of dollars to the Tas
manian and national economy. Our regeneration
work in the forest assures our position in perpetuity
and what happens in the future will make us even
stronger. More beneficial to all.

ASSOCIATED PULP & PAPER MILLS LTD.
Mills Burnie, Wesley Vale, Tasmania, Ballarat, Victoria
Offices Melbourne, Sydney, Brisbane, Adelaide, Perth
A1216
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If your time-share
bill runs over
$2,300 a month
voure being had!

WkJag

Last year’s ad
offered you the
best time-share
buy on the market.
Here’s
an even better
deal.

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

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

HEWLETT^ PACKARD
DIGITAL COMPUTERS
20017
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THE
IDEAL COMPUTER PROGRAM
EDIT SYSTEM
• Detects input errors
• Produces clear, self explanatory edit messages
• Standardises edit procedures
• Aids in system or programming debugging
• Functions in a minimal core environment

HO YOU
HAVE SUCH A SYSTEM?
we ho: :
And we’ve named it

IT
AA

H4MT Vj

Edit Program Generator for
Business Applications

EPG was developed in the U.S.A. by Computer Sciences Corporation—the world’s
largest independent software company.
EPG II is available in Australia NOW.
And the Cost? Far less than you would invest in developing your own edit system.
Why not let us send you more detailed information about EPG II.

Write or telephone:
Mr. Charles R. Sullivan
Computer Sciences

of

Australia

pty.Ltd.

460 Pacific Highway, St. Leonards, N.S.W. 2065.

CSA

Telephone: 439 0033

viii
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A Method for Fitting Polygons to
Figure Boundary Data
By C. L. Jarvis*

A method is described for fitting polygons of a small number of sides to figure boundary
data. The technique determines a set of vertices and evaluates the adequacy of the fit by a
least squares method. Examples are given from a particular image class and the utility of the
technique is considered in relation to several processing problems of this class.
Introduction

Images may be represented in a digital computer by a
matrix of optical density levels
= 1.......n;
j = 1,... ,m) where each element of the array represents
a quantised optical density reading of the corresponding
point (i, j), of the image. One problem for a variety of
image classes, is to extract from this array co-ordinate
lists of closed boundaries of picture objects and reduce
these data to more manageable forms by a smoothing
process.
Mathematical smoothing techniques do exist (Free
man and Glass, 1969; Montanari, 1970) but appear
unsuitable for many image processing purposes,
because the number of sides of the resulting polygons
is left too large. We propose here a technique that
effects a marked reduction in the number of sides of
an n-sided data polygon (one way of viewing an
n-point co-ordinate list) with the constraint that over
all shape features of the figure not be lost.
Attneave’s (1954)
observation that (shape)
“information is concentrated along contours . . . and is
further concentrated at those points on a contour at
which its direction changes most rapidly (i.e. at angles
or peaks of curvature)” underlies the strategy adopted
for shape extraction.
The first step of the procedure is to determine a set
of co-ordinates that correspond to a series of peaks
and troughs extracted from the figures boundary data.
The second step is to find by a least squares method
a best fitting polygon given that the initial co-ordinate
set determines directions, relative to an origin, along
which polygon vertices may occur. The existence of
an error function affords the opportunity to relate
acceptability of the fit to a constant criterion referred
to as the maximum tolerable error. In the event the
minimised error function for a solution is greater than
this constant, additional peaks are sought from the
boundary data. The boundary point that made the
largest contribution to the error function is chosen as
the next peak location and the fit procedure is
repeated until an acceptable error is arrived at.
The method is demonstrated here for data obtained
from photomicrographs of skeletal muscle tissue, where
the transverse sectioned muscle fibres exhibit a definite
polygonal appearance.
Finally the technique is discussed and an indication

is given of the utility of the procedure in relation to
several recognition tasks of the demonstrated image
class.
We first establish a least squares error function for
polygon boundary data and describe in detail the fit
procedure.
A Least Squares Error Function
We define an ordered boundary list L as the set of
integer cartesian co-ordinate pairs
Oi, Ji), (*2, y»),....... (w, yn)
relative to an origin so that each (x,, yr) is one of the
eight points immediately adjacent to (x^, y^) and
such that the sequence of points contours a figure in a
clockwise manner. For boundary closure we require that
(xj, j]) be the subsequent adjacent point to (x„, y„) in
the sequence.
If we regard the bound set N as the set of integers
(1, 2, 3,...,«) bearing a 1:1 relationship toward L, we
can define a sector set K as the set of integers
(kk, k2, k3,... ,kf) such that kt < ki+1, i = 1, 2,... ,p — 1
and K C N. It follows that
(xti, y,cd e L, for i = 1, 2,.. .,p.
Considering the boundary data points to be located by
polar co-ordinates {rh 9,) j', relative to the origin, the list
L is expressed as
{r,- cos 8j, r,- sin 9,-} '[.
With the set {tfj.Jj' defined as a set of joints if
(Atj, k2,... ,1c j) is a sector set, the 8,. divide the space into
p sectors. Moreover, with the above definitions the
co-ordinate set {rki, 9ki}f defines a unique p-sided polygon,
relative to the origin, if {8ktform a set of joints.
We now state the data fitting problem as; given a set
of joints {9kjj{ and a boundary list L, choose
r = (rlt r2,... ,rp) such that the polygon {rx, 8ki}% best
fits L.
Consider sector i to be the sector subtended by the
joints 8ki and 6ki+1. The points from L that contribute to
the error calculation of sector i are those points (x,, yj)
such that ki < j < ki+1 with kt and ki+1 being consecutive
sector set elements. The contribution of a point (xh yj)
to the error function is taken as the square of the
perpendicular distance from the point to the fitted line
of its sector, and is written

* Department of Pathology and Computing Centre, The University of Western Australia. Manuscript received December, 1970.
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A Polygon Fitting Method
Transform boundary data to polar co-ord
[ri 8j] |
1°tive centre of mass origin
Call PEAKS and TROUGHS algorithm for
initial Sector Set determination i = I,. ...
Eliminate obvious

mid point

cases

Calculate function S(7) with joints

No. of sides = 80
Jq.JP

defined by existing Sector Set and corresponding
co-ordinate vector [r|]P as solution

X
Add MDEV
Sector Set

to
(p = p + l)

Store index MDEV indicating the data
co-ordinate pair of maximum error contribution
in above function calculation

l« S(T) <

Fig. 2: Data Polygon from figure boundary data.

100.0 j>

Call SOLUTION with S(T)/2 initial function
and Sector Set co ordinates [fjjP
as
solution estimate
linimixd S(T)< MAXIMUM TOLERABLE

Accept

[rj ©;]P

ERROR

as fitted polygon vertice:
relative centre of mass

Fig. I: The Fit Procedure Flow Diagram.

F

{fa - XjKyi+i - yd + (jj - Jt)(-y»+i - z:)}2
(Xi+1 - XiY + (yi+1 - yy
where (xi;
and (xi+1, yi+1) are the co-ordinates of the
end points of the sector’s fitted line (expressed in polar
co-ordinate form as (rit 6,ci) and (ri+1, 0,..+1)).
The sum of such errors for the data points of sector i
is expressed as a function of rt and rl+1,
*i+i
T(rh ri+1) = ^ Ei
j = kj
Finally, summing the error functions over all sectors
s

This is in part due to the availability of very good
initial values for the solution.
The Fit Procedure

Obviously the success of the above fitting method
depends largely upon locating an adequate set of
joints, with ‘adequate’ implying the set subtends a
fitted polygon that satisfies a declared error tolerance
criterion. The program now diagrammed in Figure 1,
seeks to accumulate a set of sector set elements that
represent approximations to the pinnacles of peaks and
troughs from the perimeter of the shape.
The
algorithm for initial peak and trough discovery operates
upon a transformed boundary data list with the trans
formation being a mapping of the radial co-ordinates
of the list L onto' the real line. Figure 3 represents this
plot of the distance of the data points from the centre
of mass origin against the bound set N, for the data
polygon of Figure 2 (including a certain amount of
wrap around, i.e. the bound set elements 1 to 10 being
repeated subsequent to n).
The graph consists of a series of peaks and troughs,
where the peaks, while representing definite dominant

gives the total error as a function of the vector r
pt
*i+i
S(r) = ^ T(rt> ri+1) = 2 zL Ej
i=l
i = 1 j=ki
where E' indicates that when i = p, over the summation,
/ + 1 is to be taken as equal to 1. This of course, is to
accommodate the closure of the figure.
Minimising this function with respect to r determines
the best fitting polygon to the data with respect to the set
of joints chosen.
As the gradient vector
(dS 95
dS\
S’Cr)
X’ dr2
’dr j
is readily derived and evaluated minimising S(r) is most
covneniently accomplished using a derivative technique
and the well-known conjugate gradient method of
Fletcher and Reeves (1964) is utilised. The function has
proved to be well behaved, convergence requiring
relatively few iterations.

Fig. 3: Plot of perimeter data points against order in boundary
lists revealing a series of peaks and troughs.

The Australian Computer Journal, Vol. 3, No. 2, May, 1971

51

POSITION OF OFITfl POINT IN BOUNDFlRY LIST

A Polygon Fitting Method
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Fig. 4: Optical Density Array data from two neighbourhoods
obtained by digitising portions of a photomicrograph of
skeletal muscle tissue in transverse section.

vertices of the shape, may not be exhaustive in that
certain shapes (especially concave polygons) will not
highlight all turning points with this one mapping.
The troughs, on the other hand, are not always indica
tive of concave vertices as Figure 3 clearly shows. In
this example, the troughs represent midpoints of
roughly straight sides that each run in an orthogonal
direction to the origin.
This type of trough results in the identification of
redundant sector joints and these are eliminated
immediately by checking for collinearity between three
consecutive sector set elements. The method is to reject
ki as a sector set element if Eki (the distance of the element
kj from the line determined by /c?_j and ki+1) is less than a
certain constant. We thought at first to identify additional
peaks, when required, by re-entering the peaks and
troughs routine with the data transformed from a
different origin, but it was found that storing the
maximum single contribution of any data point to the
error function when it was calculated on the basis of the
sector set, gave us an adequate approximation of where
the next joint should be. Therefore, when a new joint is
required because of too large a minimised error, the error
function is calculated with the existing sector co-ordinate
set {rki, 0,defining the polygon vertices. The data
point that is furthest from this polygon obviously makes
the maximum single contribution to this calculation and
is thus chosen as the next joint.
Repeating the function minimisation with the new
sector set co-ordinate vector
being the initial
approximation to the solution completes the fit procedure
loop. Eventually a solution vector is arrived at whose
error function is less than the maximum tolerable error.

the origin while a comparison of the elements of the
stored list reveals the distance apart such points are in the
boundary. Large differences indicate the start of a new
peak or trough.
The algorithm to find the dominant peaks processes
the list building up a set of peak tails. Each peak will
have two tails respectively the maximum and mini
mum values of the set of elements that contribute to
the particular peak. The decision whether the next
bound set element in the scan belongs to an already
existing peak or constitutes the pinnacle of a new peak,
depends upon the element being more than a mini
mum distance from the tails of existing peaks. This
minimum distance is defined as the significant interval,
SI (a value of five is proving adequate in the present
study although for other image classes a different value
may be needed as SI obviously has bearing on the out
come of the fit). If the bound set element fails to
meet this condition, the tail (maximum or minimum
bound) of the peak that it is closest to is updated and
the scan proceeds. The detection of the troughs
simply requires the processing of the same sorted
bound set list, this time with a bottom up scan.
An Application of the Fit Procedure

The optical density array data of Figure 4 have been
obtained by processing two neighbourhoods from a
photomicrograph of skeletal muscle tissue in trans
verse section with a flying spot scanner on-line to a
PDP-6 computer at the University of Western Aus
tralia (Nicholls and Jarvis, 1968). These data have
been, in turn, processed by a program that systematic
ally discovers figure boundary co-ordinate lists and
stores them in a suitable data structure. Figures 5
and 6 display the data polygons of the picture objects

\ D
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The radial co-ordinate set {/•,-}” relative to the centre of
mass origin is sorted into ascending order, the elements
of the stored sorted list being the corresponding bound
set elements. The effect of the sort is to bring together
those boundary points that are the same distance from

Fig. 5: A display of the data polygons discovered from the
left hand neighbourhood of the data of Fig. 4 with the union
of levels 0, 1, 2 and 3 constituting figure.
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Fig. 6: A display of the data polygons discovered from the
right hand neighbourhood of the data of Fig. 4 with the
union of levels 0, 1 and 2 constituting figure.

Fig. 8: The Fit procedure as applied to those data polygons
of Fig. 6 that do not violate the edges of the neighbourhood.

Fig. 9: A neighbourhood of muscle fibres in transverse section.

Fig. 7: The Fit procedure as applied to those data polygons
of Fig. 5 that do not violate the edges of the neighbourhood.

recovered from these structures. Note that Figure 6
includes an example of touching muscle fibres.
Finally, Figures 7 and 8 are the resulting polygons
fitted to those shapes that do not violate the edges of
the neighbourhoods. With a maximum tolerable error
setting of 20.0 used by the fit procedure in all
examples, the reduction in number of sides were from

Fig. 10: Eight-sided polygons fitted to data polygons from
the boxed area of Fig. 9 and displayed on an incremental
CRT display.
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57 to 4, 61 to 6 and 78 to 6 for Figure 7 and for
Figure 8, from 68 to 8 and from 131 to 15 sides.
The neighbourhood of muscle fibres designated by
the boxed area of Figure 9 has been processed in a
slightly different manner; the technique being modified
to fit exactly eight sides to every fibre (Figure 10).
Discussion

Some two thousand fibres have been processed in
the manner demonstrated in Figure 10 with a view to
studying the distribution of muscle fibre form by
investigating techniques which require that polygons
be of equal dimension. The method gives promise of
providing quantitative information regarding differences
between normal and pathological muscle tissue. The
acceptability of the fitted eight-sided polygon by the
reported method (as evidenced by a comparison of
Figures 9 and 10) ensures that the results are
meaningful.
The recognition of touching fibres (essential for the
extraction of such statistics as number of fibres per
unit area) and the relating of fibres between serial sec
tions are two other problems where the technique finds
application. Shape characterisation is again central to
these problems where the fitting of a polygon of a
small number of sides at once reduces the data
management and makes available dominant angles and
sides; entities of obvious interest when considering
shape recognition.

Fortunately histological preparative techniques can
ensure that the majority of muscle fibres in a section
are mutually separated and roughly convex in shape,
with the result the procedure usually discovers an
adequate set of joints immediately from the peaks and
troughs algorithm. An average processing time of
6 seconds per fibre was obtained for these cases (add
time of machine approximately 7 psecs). The process
ing time for touching fibre cases is considerably longer
(30 seconds in the case of Figure 8) due to the multiple
function minimisations required. It should be noted
that coding has been in FORTRAN IV and no par
ticular effort has been made to minimise processing
time.
Clearly a number of techniques can be adopted that
speed up the process in the event the system is
intended to deal with marked concave and irregular
shapes. Allowing a sample of fewer points to contribute
to the error function calculation, and adding more than
one joint at each new joint request are two techniques
that could well speed the process considerably.
However, as the data being routinely processed at the
present rarely requires more than one call to the
additional joint routine, the procedure has been
implemented as reported, and without modification.
While a formulation of the problem in which the 6k
appear as additional variables in the error function would
be desirable, discontinuities in such a function prohibit
a direct approach. The original intention was to first
determine the solution vector for a given set of joints and
then improve this solution by perturbing the dk over small
neighbourhoods. However, as the acceptability of the fit
improves only marginally while the processing time for
the procedure increases alarmingly, the strategy was
abandoned.
The value of the technique lies in the fact that for a
given image class, a maximum tolerable error can be
determined that consistently effects visually acceptable
fits. While this criterion could be made proportional to
the number of elements of the data polygon, for the
image class of the present examples a constant has
been satisfactory.
Figure boundary smoothing has always been an
essential feature of any descriptive apparatus that
seeks to characterise the components of objects and
parts of objects contained in a digitised image. Data
structures of the type employed in SKETCHPAD
(Sutherland, 1963) become far too cumbersome if the
smoothing process does not reduce the data in a
meaningful way.
We regard the reported fit procedure as robust and
a most suitable preprocessing technique when charac
terising the components of image neighbourhoods and
are applying it in this manner with a view to meeting
several pattern recognition tasks associated with the
class.
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Book Review
A. Chandor: Computers as a Career. Rupert Hart-Davis
Educational Publications, London, pp. 120, price £1.25
New Pounds.
This book gives a comprehensive survey of career opportu
nities available in the field of the computer. Although the
book was written for 16-year-old British school-leavers, most
of it is relevant to the Australian reader.
The book is divided into three sections. “What Careers
Are There?” discusses what a computer can do and illustrates
the range of positions available from Computer Operator to
System Analyst. “How Do I Start?” discusses applying for
job interviews and aptitude tests. "Training and Progress.”
This section deals with the British situation and is not relevant
to the local scene.
This book is well set out and illustrated with diagrams and
photographs. It is suitable for use in secondary school
libraries.
R. A. EDWARDS.

The A.A.E.C. Computer Network Design
By D. J. Richardson

The central computing system at the Australian Atomic Energy Commission’s Research
Establishment is currently based on an IBM 360 model 50 computer. Twelve smaller digital
computers and one analogue computer arc in use at various points within a half-mile radius
of the central computer installation.
This paper describes plans to link a number of these computers into a network connected to
the central computer, and outlines the philosophy behind the setting up of this network.
1. Introduction

The central computing system at the Australian
Atomic Energy Commission is currently based on an
1BM360 model 50 computer with 512K bytes of core
storage, one multiplexor channel, and two selector
channels.
Standard I/O equipment consists of a
model 2540 card reader/punch, a model 2671 paper
tape reader, and a model 1403 line printer attached to
the multiplexor channel. A 2314 disk drive facility is
attached to the first selector channel, and two 2400
series 9-track magnetic tape units are attached to the
second selector channel.
Scientific computations form 90% of the central
computer’s workload; the remaining 10% are com
mercial type applications. Approximately 50% of the
central computer’s time is spent in running large
nuclear codes. These are CPU bound jobs that require
most of the available CPU core storage.
In addition to the central computer, a number of
smaller digital computers are in use at the Research
Establishment—all within a half-mile radius of the
central computer installation. Some of these small
computers are used for the control of experiments, and
for the collection and editing of data from such experi
ments. Other small computers are used to provide
conversational Fortran-type facilities to teletype termi
nal users. These conversational Fortran-type facilities
fill a need between that of desk calculation usage and
central computer usage. At the present time, the size
of program that they can run is limited to about 50
statements.
An EA1690 hybrid analogue-digital computer,
which includes an EA1640 digital computer and a
medium-sized analogue computer with 30 integrators,
is used for simulation studies and the analysis of
reactor systems.
At the present time, those computers which control
experiments use paper tape for data output, and this
paper tape output is later submitted to the central
computer for further detailed analysis.
With this background in mind, the possibility of
linking the various digital computers together into
some form of network was considered. The following
facilities were sought:
1. Each computer in the network should be able to
call upon the services of the central computer for the

direct, detailed analysis of edited output from the
experiments under its control. This would eliminate
the handling of paper tape output, leading to faster,
more reliable data processing.
2. Each computer in the network should be able to
access libraries of their own programs, stored in the
central computing system.
It was envisaged, for
example, that a program in one of the small computers
controlling an experiment would be able to cope with
the normal running of that experiment and also,
within its storage limitations, with a number of fore
seeable unusual eventualities. There would, however,
be certain foreseeable eventualities that the program
could detect but, because of space limitations, could not
itself cope with. In this event, the currently running
program would select and summon a suitable replace
ment program, handle the eventuality, and then recall
the original program, replacing all or part of its own
core with these programs as the need arose.
3. The conversational Fortran facilities available in
some of the small computers should be made available
at other points in the network, and should be extended
to include access to similar but more extensive facili
ties, such as CALL 360, on the central computer.
4. Facilities for remote job entry to the central
computer should be available through the network.
This would probably involve the provision of card
readers and printers for certain computers within the
network.
5. Nuclear codes and other long-running central
computer programs should be able to be monitored
through the network. Interactive displays would be
used for this purpose.
6. All of the above activities should be able to
occur with the minimum of wait time, and without
interference to each other.
2. Network Design Considerations

Various forms of network were considered in seek
ing to meet the above requirements.
Because of the size and complexity of the TBM360
operating system, it was thought desirable that the net
work should appear to the IBM360 as a standard
extension of the IBM360 hardware, able to be speci
fied at operating system generation time. This was to
minimise the need for special systems programming
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within the operating system, and to enable users of
the central facility to send and access data over the
network using the standard IBM job control language.
To meet this requirement, a PDP9L computer was
chosen to1 act as a buffer and control computer
between the IBM360 computer and the desired com
puter network, and a generalised computer to com
puter interface between the IBM360 computer and the
PDP9L computer was designed (Richardson, 1969).
This interface enables up to 128 different devices or
destinations to be accessed through the PDP9L. Each
device appears as a standard "IBM device to the
1BM360 computer.
Installation of the PDP9L computer and the inter
face to the IBM360 computer was completed in
December 1969. In addition to this interface, two
7-track magnetic tape units, a CALCOMP plotter, a
card reader, a line printer, an ASR33 teletype unit
and a fast paper tape punch were attached to the
PDP9L computer. These devices are currently avail
able as additional I/O devices to the IBM360 com
puter, using the interface to the PDP9L.
With the PDP9L able to act as a buffer between the
IBM360 and the other site computers, the main con
straint on the form of linkage of these computers was
removed, the PDP9L being able to match the I/O
requirements of the IBM360 to any reasonably chosen
network signalling system in the remainder of the
network.
With all computers situated within a half-mile
radius of the central computer installation, signal
propagation time was not a significant factor. Also,
since the cycle times of individual computers differed,
synchronous data transfers would require extensive
buffering or matching to the slower computer in each
case. For these reasons, asynchronous transfers of
data, on a call and answer basis, were chosen.
Government regulations forbad the use of the
local PABX network. As the major cost of the cabling
thus required was in the laying of the cables, high
capacity lines were chosen. Three other factors also
influenced this choice. If one of the network com
puters required a change of program to cope with
some unusual circumstance in controlling an experi
ment, the half-minute delay if 2400 baud lines were
used could be critical. Access to 2314 disk stored
programs, and a program change time of less than one
second for a 4K, 16-bit computer was sought. Also, if
low capacity lines were used, time-slicing a number of
teletype users with other blocked data transfers over
the network would result in unacceptable teletype
response times for the teletype users. A final point
was that any interactive display would be severely
restricted in its responses without high capacity net
work communication.
For error handling, parity checking on each byte
transferred over the network with the detection and
notification of single bit errors to each computer
involved, was considered sufficient. This form of error
checking is currently used between the IBM360 and
PDP9L computers.
Users desiring greater protection
would be able to include checksums within their data
blocks.
In choosing the actual form of linking for the vari

The network Data Way design consists of a con
troller housed in its own cabinet and a multiwire cable
having various entry points for the attachment to it of
computers and certain specialised peripheral devices.
A 24-bit parallel data bus is proposed with a parity
bit for each 8-bit byte. Five pairs of symmetrical,
asynchronous control lines govern the data flow and
status signalling over the Data Way.
Two types of control unit may be attached to the
Data Way, an open and a restricted type. An open
type control unit is one that will accept all possible
Data Way signals, and this type will be used for the
attachment of the normal class of small digital com
puter. Restricted type control units will be used for
associating remote single byte operating devices such
as teletypes and paper tape equipment with specified
computers attached to the Data Way.
The Data Way will operate as a party line. Any two
digital computers attached to open type control units
on the Data Way may communicate with each other if
the Data Way is not currently in use. A number of
fixed signalling sequences are available. When one
control unit wishes to communicate with another con
trol unit on the Data Way, an Initial Selection Sequence
is entered. A 24-bit address and function word is
presented to the Data Way. This address and func
tion word contains the desired 8-bit control unit
address, the function to be performed (eight bits), and,
if the addressed control unit is an open type control
unit, the 8-bit address of the calling control unit.
A restricted control will be able to communicate
with only one nominated open type control unit. The
return address therefore need not be sent to restricted
control units, and bits 16-23 of address and function
words sent to these units will be used to contain
immediate data.
If the Data Way is not busy, and correct responses
are received from the called control unit, a Data
Transfer Sequence may follow the Initial Selection
Sequence. This will occur if the requested command
was not an immediate command, and both control
units desire to send or receive data. Otherwise, an
Ending Sequence will follow immediately. Data will
be transferred on a call and answer basis, and transfer
will therefore be asynchronous. Sustained data trans
fer rates of the order of 50,000 bytes per second appear
feasible.
Either control unit may terminate the data transfer,
and an Ending Sequence will then follow. Ending
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ous computers, a prime consideration was to avoid
the possibility of a local computer breakdown affecting
the entire network. A corollary of this consideration
was that any computer should be able to decide not to
use the network, and that failure to respond to signals
from the remaining computers within the network
should be readily detected by them and should not
affect their own inter-communications.
To satisfy each of the above requirements, a com
munication path independent of the computers to be
attached to it was devised (Ellis, 1970). This com
munication path, or Data Way as it has been called, is
described in the following section.
3. The Network Data Way

The A.A.E.C. Computer Network

status will be available to each control unit as an 8-bit
byte, right justified within a 24-bit Data Way word.
If the Data Way is busy, an indication of this will
be returned to the originating control unit. Subse
quently, the original control unit will be informed when
the Data Way ceases to be busy, and another Initial
Selection Sequence may then be attempted.
If the Data Way is available, but no response is
received from the requested control unit, the Data
Way controller will issue a time-out disconnect after
approximately 1 m sec. Any computer may therefore
ignore the network without unduly impeding other
Data Way communications.
Data transfers into and out of each digital com
puter on the Data Way will use asynchronous data
channels whenever possible, otherwise program con
trolled data transfers will need to be used.
Problems of simultaneity arise when more than one
control unit attempts an Initial Selection Sequence at
the same time. Two methods of detecting this case
will be used. First, if the OR-ed address selections
have incorrect parity, both selections will be rejected
by the Data Way controller, and each control unit
must repeat its initial selection sequence. Second,
initiating control units will check the address on the
bus lines with the address that they selected before
continuing with the Initial Selection Sequence. Once a
valid address selection has been made, all other con
trol units are locked out until the Ending Sequence has
completed.
4. Implementation of the Network

It is planned to implement the network in a number
of stages. The first two such stages are illustrated in
Figures 1 and 2.
In Stage 1, a small NOVA computer will be con
nected to the central facility’s PDP9L computer. This
NOVA computer contains 12K 16-bit words of storage
and has five ASR33 teletype terminals attached to it.
It is currently being used to develop a multi-terminal
Fortran-like conversational compiler for site users
(Sanger, 1971), which will replace a smaller, single
terminal facility at present available on 4K PDP8
computers.
The NOVA computer was chosen as the first stage
Data Way connection to the PDP9L computer because
[IBM 3601
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Fig. 1: Implementation of the network: Stage 1.
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Fig. 2: Implementation of the network: Stage 2.

of its proximity to this computer. This will allow Data
Way concepts to be tried out without waiting for or
relying on any underground cabling.
The NOVA computer link will be used to send
NOVA programs from the IBM360 computer direct to
the NOVA computer, using the IBM360-PDP9L link
and the Data Way. These programs are at present
compiled on the IBM360, sent to the PDP9L, punched
out on the fast paper tape punch, and then manually
fed into the NOVA computer through one of its
ASR33 teletype stations.
During Stage 2 of the network, four of the five
NOVA teletype units will be transferred to restricted
control units on the Data Way. This will enable the
party line concepts of the Data Way to be checked
out, and will also provide more widely available access
to the NOVA’s conversational compiler facility.
Three other presently independent systems will then
be connected to the Data Way, using open-type con
trol units. These systems are:
1. A PDP15-PDP7 complex, being used to monitor
and gather data from a linear accelerator system;
2. A PDP8 being used to control a crystal diffracto
meter; and
3. An EA1690 analogue-digital computing system
being used for reactor design studies and systems
simulation.
The PDP15-PDP7 complex will use the network to
send edited data to the central computing facility for
detailed analysis by pre-stored IBM360 programs.
Later uses of the network by this complex will include
remote job entry for the IBM360 from a card reader
and printer to be attached to the PDP15, and inter
active monitoring of long running IBM360 jobs with
display and light pen equipment.
The crystal diffractometer PDP8 will use the network
to provide access to libraries of diffractometer control
programs.
The NOVA’s conversational compiler
facility may also be used by simulating a NOVA
terminal from the PDP8 teletype unit.
The EA1690 system will link to the network through
its EA1640 digital computer. The main use of the
37
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network will likewise be to access libraries of programs
stored on the IBM360 disks. Another network use
being considered is to allow the IBM360 to undertake
digital calculations for the analogue computer during
simulation studies when such calculations prove too
complex for the EA1640 computer.
With many control units seeking to use the Data
Way at the same time, questions of priorities may
need to be resolved. When the Data Way becomes
available after having been busy, all control units will
be notified together. It is hoped that inherent differ
ences in interrupt response times within programmable
computers will minimise the resultant conflict. A
pleasing feature of the Data Way is the inherently
faster response times of restricted control units under
these conditions, giving automatic priority to teletype
and other unit byte peripheral usage. It may be
necessary to incorporate differing hardware delays
within restricted control units to sequence their
individual re-selection attempts. Since each restricted
control unit receives or transmits its data byte as
immediate data during an Initial Selection Sequence,
occupancy of the Data Way by unit byte peripherals
will be minimal.
Data transfers between network computers will be
blocked to a maximum of 800 bytes. This will ensure
that not more than 16 m secs elapse before unit byte
peripheral requests are serviced.
5. Communication
Facility

with

the

Central

Computing

The link between the IBM360 and the PDP9L com
puters permits up to 128 different devices and destina
tions to be accessed through the PDP9L by the
IBM360 computer.
A uniform addressing scheme has been adopted for
use throughout the network. Each 8-bit address has
the following format:
Spare
Computer
Device
4,

______ A______

______ A______

X
1
XXX
XXX
Devices attached to computers on the Data Way will
have addresses in which the last three bits are not all
zero. In general, computers attached to the Data Way
will have addresses with zeros in these last three bit
positions, and open control units will ignore the con
tents of these three bit positions.
Communication initiated by the IBM360 is straight
forward from the point of view of the IBM360, since
the PDP9L and link ensure that all destinations through
the link appear like normal IBM devices to the IBM360
computer. The PDP9L maintains up-to-date sense
bytes and status information for each possible link
address.
At the present time, the IBM360 can communicate
with all PDP9L devices and with the PDP9L core
itself.
Two part data transfers are used to send
PDP9L programs from the IBM360 to the PDP9L
core. A Primary Write of 24 bytes is first used to send
information about the following program: the program
size, location in core and entry address. A simple I/O
waiting loop for the PDP9L is included with these 24
bytes. Following the Primary Write, a Secondary Write
$8

is used to transmit the actual program to the PDP9L.
Distinctive IBM360 write command codes have been
allocated to Primary and Secondary Writes.
These concepts will extend readily to communica
tions involving the Data Way. A single group of
PDP9L subroutines will handle all Data Way com
munications, since the only variable in talking to differ
ent Data Way open control units is the control unit
address itself. The computers associated with Data
Way addresses will be responsible for the signalling to
the PDP9L of changes in the sense bytes and status
data maintained in the PDP9L for these addresses.
This will avoid the PDP9L unduly occupying the Data
Way in seeking this information.
Communication with the IBM360 initiated from
within the network is not quite so straightforward,
however, since the IBM360 itself must initiate all actual
I/O data transfers. IBM360 I/O devices may, how
ever, signal their status asynchronously to the central
processing unit and this provision will be used to signal
the 1BM360 when a point in the network wishes to
communicate with the central computer.
Provision exists within the IBM360 operating system
to recognize ‘attention’ status signals sent from con
sole typewriters, the operating system then issuing a
read command to the signalling console to accept input
messages.
Similar software sequences within the
IBM360 will be used to issue a special diagnostic read
when an ‘attention’ signal is received over the PDP9L
link.
If the first diagnostic byte is non-blank, the first
eight bytes will indicate the name of a program within
a library associated with the corresponding network
destination address.
This program will then be
retrieved and sent to the destination address, using the
Primary and Secondary Write concepts outlined above.
Because of space limitations within the PDP9L com
puter, the Secondary Write transmissions will be
blocked so as not to exceed 800 bytes in any one block.
If the first network diagnostic byte received by the
IBM360 is blank, the format of the remaining 23 bytes
will depend on prior arrangements with the originating
computer. These bytes may, for example, request a
specific analysis program and instruct the IBM360 to
read a specific number of records or one file of
information from some specified network address
associated with the originating network computer, and
to return output to another specified address. In this
way, Diagnostic Writes need not be associated one for
one with each record transmitted over the Data Way.
Queueing of network requests to the IBM360 will
be performed by the PDP9L, initially on a first in, first
out basis. Priority requests will be introduced if needed
for real time purposes, but it is hoped that the high
capacity of the network lines will avoid the need for
such requests.
6. Network Control

Whenever the facilities of one of the network com
puters is to be made available to other network com
puters, that computer must contain programs able to
communicate with the rest of the network. Likewise,
when one computer wishes to use facilities available
The Australian Computer Journal, Vol. 8, No. 2, May, 1971
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elsewhere in the network, that computer must also
contain network communication programs. Care must
be taken when programs are transmitted over the net
work and subsequently activated that this ability to
communicate is not inadvertently lost. Each such pro
gram must contain or leave unimpaired the ability to
communicate with the network.
To the extent that a particular computer within the
network dedicates its facilities to the network and is
used by the network, that computer may be said to
control the network. In this sense, the IBM360PDP9L complex will exercise considerable control
over the network.
It is envisaged that libraries of programs for each of
the network computers will be stored within the central
computing facility, and that small boot-strap routines,
available on each computer, will enable local operators
to use their teletypes to select their required programs.
Subsequent network usage and the degree of operator
intervention required will, of course, depend upon the
programs selected.
7.

Future Expansion

Once Stage 2 of the network has been completed,
additional local computer systems will be attached to
the Data Way and the computer network as the need
arises. Some of these computer systems will contain
card readers and printers which will then be available
for lemote job entry to the IBM360. A display and
light pen type facility has been ordered for attachment
to the NOVA computer. This will enable visual com
munication concepts for use on the network to be
developed.
In the software area, efficient ways of making the
central computing system’s facilities available on a
conversational basis are being investigated. As a first
step, it is hoped to make IBM’s CALL 360 system
available to network users. Local digital computers
would act as line concentrators and editors for their
associated teletype or similar units. Communication
with the IBM360 and the CALL 360 program would
then be on a line by line rather than a character by
character basis.
The possibility of remote computer installations
wishing to connect to the A.A.E.C. network has been
considered. Synchronous data transmission would be
needed in this case if a reasonable data transmission
rate were to be maintained. This would probably be
achieved, if needed, by using small digital computers
as buffers, one at each remote installation and one
connected to the Data Way, with synchronous block
transmissions between them.
The Data Way buffer computer would match the
requirements of the remote computers to the signalling
needs of the Data Way, just as the PDP9L computer
does for the IBM360 system.

Message switched systems include destination
information with each block of data transmitted, and
these blocks normally have some fixed format.
Message blocks may pass through a number of differ
ent computers before reaching their ultimate destina
tion, each computer in the chain choosing the most
appropriate current path for forwarding the message
to the next computer. The Australian Post Office is at
present setting up a multi-computer message switched
network, to be called the Common User Data Net
work. Extensive use will be made of disk and mag
netic tape storage to cope with temporary delays in the
network. Considerable duplication of equipment is
being made in the main centres to give high reliability.
The ARPA network in the United States (Roberts
and Wessler, 1970) is an excellent example of a
medium to high capacity, message switched network.
The computers in this network are interconnected to
give at least two possible paths between every two net
work points. Message switching is purely core to core
with no peripheral storage equipment involved. A 24bit cyclic checksum is included with each 1000-bit
block of data for error detection only.
The proposed A.A.E.C. computer network is a fully
interconnected system from the point of view of the
Data Way. There is at present no path duplication
within the Data Way, the reliability of the system
depending upon the reliability of the Data Way con
Destination information is implicit in the
troller.
establishment of the desired communication paths, and
no restriction other than a maximum blocksize is
placed on the form of the data transmitted. The form
of the network allows standard software to be used
within the central computer for most network com
munication. This will be a big factor in maintaining
compatibility with successive releases of operating
system software.
9.

Conclusion

The proposed A.A.E.C. computer network will
allow computers in the network to communicate with
each other and to have ready access to the facilities
of the IBM360 central computer, with data transfer
rates around 50,000 bytes per second.
Teletype
terminals and other unit byte peripheral devices will
connect directly to the network, and interactive con
versational compiler facilities will be available at these
terminals.

Three main forms of multi-computer networks are
in use: line switched systems, message switched
systems, and fully interconnected systems.
Line
switched systems are usually noisier than the other
two forms, and are not often used in high capacity
systems.
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On the Probability Distribution of Round-Off
Errors Propagated in Tabular Differences
By Samarendra K. Mitra

and S. N. Banerjee f

The general problem of determining the exact probability distribution of any arbitrarily
■weighted sum of independent random variables, each distributed rectangularly, has been
solved completely. The exact expressions for the moments and semi-invariants of the dis
tribution have been obtained. It has been shown also that to a first order approximation,
the distribution of the weighted sum asymptotically approaches a Gaussian distribution, but
is always platykurtic irrespective of the weights. On the customary assumption that the
round-off errors are independent random variables distributed uniformly between ± units
of the least significant digit, the problem of propagation of round-off errors in tabular dif
ferences has been studied in detail. The computed values of the probabilities have been
compared with the earlier results obtained empirically by Comrie, and theoretically by
Lowan and Laderman, van
jngiiardcn and Sheen, and by Miller.
1.

INTRODUCTION

When a number is rounded-off to a finite number of
places of decimal according to the customary rule for
rounding-off, the error due to the rounding-off is bounded
within ±2 units of the last place of decimal retained
(least significant digit). These round-off errors are
commonly assumed to be independent random variables
distributed between these bounds under a certain law of
distribution. Regarding this law of probability distri
bution two hypotheses are current. The most obvious and
natural hypothesis is that the random variables of the
round-off errors are uniformly distributed between ±4
units of the last place of decimal. But this natural
hypothesis has the disadvantage that it is much more
inconvenient for exact mathematical treatment than the
second hypothesis of a Gaussian distribution (with mean
zero and variance yj) and the latter has, therefore, found
greater favour in text-books. The authors have made
statistical analyses of a fairly large amount of round-off
error data, obtained by actually rounding-off the tabular
values of quite a few standard mathematical tables to a
lesser number of decimal places, concluding that the
hypothesis of a uniform (rectangular) distribution is far
more realistic than the hypothesis of Gaussian distribu
tion (unpublished manuscript).
The hypothesis of Gaussian distribution is very
convenient as the probability distribution of a weighted
sum of independent Gaussian variables is exactly known
in contrast to the case of the random variables distributed
rectangularly. The authors have tried in this paper to
remove this lacuna for working with the more plausible
hypothesis of a rectangular distribution by presenting a
complete solution of the general problem of determining
the exact probability distribution of a weighted sum of
independent random variables, each distributed rectangu
larly. An asymptote of this exact distribution has been
obtained also and this turns out to be identical with the
Gaussian approximation used widely in text-books.
(About the general treatment of round-off errors and*
* Indian Statistical Institute, Calcutta-35,
1970, in revised form, February, 1971.
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particularly about the propagation in tabular differences
vide Hamming, 1962.)
The probability distribution of round-off errors
propagated in tabular differences is a particular case of the
general solution, where the weights are binomial
coefficients. This problem has been studied in detail and
the probabilities have been computed numerically. This
particular problem first engaged the attention of late
Dr. L. J. Comrie (Kopal, 1955), who gave some empirical
values for the probability of occurrence of differences of
the random component exceeding a critical value K,
based on his long experience in constructing tables.
Miller (1950) approached the problem more systemati
cally from the theoretical side and extended Comrie’s
table of probabilities. However, Lowan and Laderman
(1939) were the first to formulate the problem rigorously
in terms of probability theory and to obtain the
probability density distribution of the random component
propagated in the first, second and third differences,
making the customary assumption that the round-off
errors in the tabular values are distributed uniformly
between
units of the last place tabulated. Later van
Wijngaarden and Sheen (1950) attacked the problem
afresh under the same hypothesis of a uniform distri
bution and obtained a distribution function, from which
they numerically computed a few values of the proba
bilities. The mathematical approach of the present
authors is identical with that of Lowan and Laderman in
that they have used the standard method of Fourier
Transform (Characteristic Functions) for deriving the
probability density distribution of the sum of independent
random variables, whereas van Wijngaarden and Sheen
used the two-sided Laplace Transformation. However
thanks to the elegant techniques developed by Norlund
for the Calculus of Finite Differences, the authors have
succeeded in obtaining exact expressions for the distri
bution function as well as for the moments and cumulants
for the general case with arbitrary weights. As is to be
expected there is an exact agreement with the numerically

t Computer Centre, Jadavpur University, Calcutta-32. Manuscript received February,
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computed values of the probabilities given by van
Wijngaarden and Sheen and of Lowan and Laderman.
The asymptotic Gaussian distribution, which is used in
text-books, is shown to be a poor approximation of the
exact distribution.
2.

Statement of the Problem and an Intuitive
Approach to Its Solution
Let r0, i\, r2, ■ ■., rn be the round-off errors present in
the tabular values of a computed function. By the con
ventional rules for rounding-off, each rf has to lie between
-[-4 units of the last place of decimal, and is free to assume
any value within these bounds with equal probability.
Or, in other words,
is a continuously distributed
random variable, and its probability density distribution
f0(x) is rectangular, that is,
/„(*) = !, for
...(1)
= 0 otherwise
Since the difference operator A is a linear functional,
the error pn propagated in the nth difference due the
presence of the rounding-off errors in the tabular values,
is
n

pn — An r0 =

n

^ (-1)* O* =
5=0

2

“V*

5=0

...(2)
where (”) is the usual binomial coefficient and has been
denoted by <x>s.
Let us imagine an (n + 1) dimensional Euclidean
hyperspace with rectilinear coordinate axes, each of
which representing a random variable t\. The region
—| < rt <
i = 0, 1, 2, ..., n, becomes a hyper
cube of unit volume. The equation pn = 2 ( — l)s wsrs
represents a hyperplane with intercept (—l)s(pn/ws) on
the 5th axis. Since all the random variables are distributed
uniformly between
all the points in the phase space
are distributed with uniform density within the hypercube.
The probability P(pn < x) of p„ being < x is clearly
proportional to the volume occupied by the region of the
hypercube cut-off by the hyperplane,
n

X —

Z

Ol0t0 + <V]A + • ■

~b

X

+

+ '

This result can be established more rigorously by using
the conventional method of Characteristic Functions,
that is Fourier transformation, described in the following.
3.

Solution by Fourier Transform

Since rs is a random variable distributed rectangularly
between i (—l)s
rs is also random variable distri
&>,. The Fourier
buted rectangularly between
Transform, or the Characteristic Function, <j>s(Q of its
density distribution, is

±,

UO

=

f

J

—dt

—£a>3

cos

sin (i wsQ
(4)
2WS i
The characteristic function <£(£) of the density distribution
n

of pn =

2

(—l)s cus rs, is by a well-known theorem

s=0

in Probability Theory (von Mises, 1964, p. 249) is the
product of the characteristic functions of the density
distribution functions of (—l)s cosrs when the random
variables are stochastically independent,
,,n = sin (jaioQ sin
... sin
n )
(i«o9
■ ■ ■ (M
i_\2v

- Z ^I)- (2v)!

— <« + l)

[toocoj. . .&>„],

v=0

...(5)

where,
—(n+D
[ttl0

P>2V

-(«+1)

22v B2v

“»1 • • • “»] =
/_ <^0 + • • •
\\

2
£

\

/

...(6)

<-*> s cos rs. Since the total volume of the
-(«+l)

5 =0

hypercube is 1, this volume represents the probability
P(Pn < x).

For simplification the variables rs can be transformed
to new variables ts by the transformation ts = (—l)s rs+J
so that ts lies between 0 and 1 and the hyperplane
n

z

<-»• cos rs is transformed to the hyperplane
»•=

5=0

z

CO etc,

The

distribution

5=0

function P(pn < x) is thus given by the volume occupied
by the region of the unit hypercube, where 0 < ts < 1
and

costs
s^0

where

n +1

A

denotes the generalised differences of

W0WF ■ -<*>n

5=0

*+*z

Bv
{x |oj0 ... con) being the Generalised Bernoulli’s
Polynomial of negative order (Norlund, 1924, pp. 138-142)
and is defined by
— («+1)
v|
/J + l
Bv
(x|w0 ... wn)
A xv+n+\
(v + n + 1)!
...(7)

< x + i ^

cus

and is expressible

s=o

by the volume integral,
P(pn < x) = J" J ... J dt0 dtx ... dtn
over the region defined by,
0
s = 0, 1,2, ...,n

(n + l)th order with respect to w0 co1 ... wn introduced
by Norlund (Norlund 1924, pp. 3-4). Since the Taylor
expansion of
in the neighbourhood of £ = 0, has
been found, all the moments of the distribution have been
explicitly determined in terms of the coefficients of the
Taylor expansion (von Mises, 1924, p. 246), but we shall
leave the moments for the time being.
—(n+l) (_ wo + • • •
Now, B2v
\

... (3)
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(2v + n + 1)!

2

n +1

A

v-2p+w-fl
OJ0+. • • 0Jn
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J dr 0 J d Tj.. . . J

0

0

o

+ “j Tq + • • •

OJn

drn.
...(8)

Since the series (5) is uniformly convergent for all values
of £,
m = (dr, J* dr1. . . /

00

2

o fto (2v)!

©0T0 + • • • + <*>nTn — 2n~1)2‘’ drn
= \ dr o J dr-, . . . J
0
0
0
COS (oi0T0 + • • • + OJnrn ~~ 2n_1) drn
. . . (9)
The density distribution fn{x), which is obviously zero for
n
|* | > | S ws, is the inverse Fourier Transform of
m,
fn(x) = ~

f+
_ J(0 e*« dC,

... (10)

where <f>(Q is an even function. Obviously,
i

i

i

/»(*) = f dr0 J drx. . . J
0
0
0
[J
cos £ ©0To + ... + ojnTn — 2B_1) eixZ dQdrn,
...(11)
provided the integral
+ CO

J

COS £ (co0r0 + • • • + oinTn — 2"-1) eixi dt,
— OO

is a convergent integral. This is the Fourier Transform of
a cosine function, which obviously does not exist in the
customary sense, but exists in the sense of Generalised
Functions (Gel’fand and Shilov, 1964), and this can be
expressed in terms of delta-functions,
f
cos £ (cu0r0 + ... + ainrn — 2n~v) eixi dl
j

— CO

... — 0>nTn + 2n *)
+ <5(x + "oTo +■••■+ Vn — 2”-1)].

= Tt[8 (X — CO0T0 —

...(12)

Thus

1 1

fn (X)=i ff ... j [<5(x 0 0

+ 2" x) + <5(x + w0T0 + ... wnTn — 2,,_1)]
X rfr0 . . . <irm.

The expression for the distribution
Fn(x) = P(pn ^ x) is much more simple,

. . .(13)

function

where /z(x) is the Heaviside step function (Kaplan, 1962)
defined by
h(x) = 1, x > 0; A(x) = 0, x < 0 and
b
J <5(x) dx = h(b) — h(a),
.. .(15)
a
by taking account of the above properties of the delta
function and Heaviside step function.
Since
ll(X + 2?l_1 — CO0T0 — ... — COnT„) — 0,
when x -j- 2”_1
u>0t0 + ...
conrn,
h(x — 2n_1 + OJ0T0 + • • • + WnTn) = 0,
when x — 2n~x < — oj0t0 — ... — conTn.
The first volume integral vanishes whenever x + 2"_1 <
co0r0 + ... + a>nTn that is, the integral has to be within
the region defined by
0 < < 1
and
cu0t0 + “in + ■ •. + conrn <
x + 2n_1.
The domain of the second volume integral, viz.,
0 ^
< 1, — cu0t0 — ... — a>nrn ^ x — 2n_1 is
transformed to that of the first integral by the simple
transformation, f* = 1 — rf, so that 0 < t* < 1 and
io0t0 + co^ + • • . + a>ntn < x + 2”-1. Thus the
distribution function is the volume integral,
Fn{x) = J J ... \ dt0 dt! ... dtn,
.. .(16)
D
over the region D defined by 0 < < 1,
oi0t0 +
-)-... + <ontn ^ x + 2”_1.
4. Evaluation of the Multiple Integral
The multiple integral (3) or (16) is similar to the
well-known Dirichlet’s Integral (Goursat, 1904), but the
region is somewhat different. The domain of integration
for Dirichlet’s Integral is defined by 0 < ts and
h> + h + ■ • • + tn < 1. The variables ts are bounded
on the right side only by the hyperplane t0 4- tt + ...
+ tn = 1. In our case, the variables are also bounded
individually on the right side. This makes the problem
much more complicated. However, the integral can be
evaluated by Dirichlet’s Integral through some artifices.
Before doing this we shall first bring the problem to a form
similar to Dirichlet’s Integral.
Let us first consider the problem of evaluating the
volume integral
JJJ • • ■ J dt0 dtx ... dtn
over the region subject to the conditions,
0 < tt, i = 0, 1, 2, ..., n
“t* wih + • • • + 0Jn^n ^ x + 2"-1 = z (say)
Under these conditions tt can have any value from 0 to
z

—, i = 0, 1, ..., n which may be greater than 1 if z is
OJi

Fn(x) = J fn © d'i
— CO

X

= f
fn © ^
_2«—1
1
1
• • • J [h{X + 2’1_1 — OJgTg — . . . 0>„T„)
0

+ /?(* — 2n_1 + OJ0T0 + . . . + UJ„Tn)]
X dr0 . . . drn,
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. . . (14)

greater than 1. Making the usual transformation (Goursat,
1904),
+ wlh + • • • + ntn
= wltl +
+ ••• +
= <"212 +............. + wntn
-loki.U • • • ^sn
tontni
the region is transformed into a rectangular region,
0 <5o <*.0
< 1,0 <5, < 1, ...,0
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The Jacobian of the transformation is
rn Kn-1
f
So 4,x • • ■ Sre-1
0>0<ulCt,2 • • • <°lt
By integrating successively, the value of the integral
becomes,
f TIM------------------•••(17)
(n
+ 1)!
... con ■
When z < 1, by virtue of the constraint
“(To + wlh + • • • 4" wntn ^ z
lj
all tj are <1, so that the other constraint, viz., 0 ^ tf < 1,
is satisfied automatically. Thus the volume integral is
exactly given by the above expression when z < 1.
Next we make no restriction on z excepting z > 0 and
consider the region of integration,
0 ^ ti, J = 0, 1,2, ...,«, (O0t0 + w1t1 + • ■ • + wntn ^ 2
The volume integral is now as before,
zn+i
(n + 1)! COqC01 . . . OJn
Let us call this region R. The maximum value attained

ty tj which simultaneously exceed the bound 1, so the
volume of the latter region, which is obviously V{R2), has
to be subtracted from V(Rj) in order to obtain the volume
of the region for which any tt > 1. Thus the integral
V(D) is
V(D) = KCR) - V(R2)j
= V(R) - V(Rl) + V(R2)
for u)j T” a)j z
ojj -j- cOj T* ajj~.
Continuing in this way it is easy to see that
V(D) = V(R) - V(Rj) + V(R2) - V(R3) +............. (18)
The summation has to be containued till z — Scos
becomes negative or zero. Now the volume V(Rj) of the
region can be found simply by Dirichlet’s Integral. For
(tOgto + • ■ • + <untn ^ z
Ri e
(1 < t{, 0 < ts, s = 0, 1, 2, ..., n, s
i
by changing the variables to t0 = t0, tx = tx, ... rt
= ti — 1, ri+1 — ti+1, ..., the constraints are trans
formed to
<"0T0 + W1T1 + • • • + tOnTn <Z — COj
0 <
4, z = 0, 1, 2, ..., n,
and the volume is the sum of n + 1 volume integrals,
t

by lt in this region is —, which may be greater than 1.
U>i
Let us denote by Ru the region, where any t, is greater
than 1, by R2, the region where any two variables, ti and
tj are greater than 1, by R3 the region where any three
variables tf, tj, t1: are greater than 1, and so on. That is to
say R, Rx, R2 etc. denote the regions
10 Sj OJgtg "T . - - + 0)ntn Sj Z

R e

volume

integrals,
10 < ts < —, s = 0, 1,2, ..., n
l
tos

Ri e
V

1 < ti, 0 < /. <

(u>i

+

wi

^

1 < U, 1 <

wgtg
tj,

U>S

5 7^ i

+ ••• +

wntn

S S (z — w{ — 00j)n+1
(n + 1)! OigOtj ... OJn
Using a notation of Norlund (Norlund, 1924, pp. 3-4)
the integral can be expressed in a neat form
V(D) = -...—|T, '-------------S (-l)W-+8«
(n + 1)! WqCOj . . . a>n
(z — Q)n+1
...(19)
where Q. = s0a>0 +
+ ... + snu>n < z and
^o, s1} s2, ..., sn can assume only the two values 0 and 1,
and the summation has to be carried up to the terms
depending on the value of z, such that z — D does not
become negative. Thus the distribution function
P(pn < x) is
V(R2)

+ ■ • • + Untn ^ Z

lwi

R„ 6

2
— wi)n+1
;=o
y(Ri)
(n + 1)! ajgOjj . . . ain
n-\-1
Similarly the volume of R2 is the sum of ^ 2

^z

0 < f, < - :

'a>j -f- a>j + cok ^ co0t0 + . . . + wntn

3 ^ i,j
Z

1 < ti, 1 < tj, 1 < tlc, 0 < t,
cjj — utj — a>j.
<s =£ i,j, k.
It is quite clear that R contains Ru Rx contains R2, R2
contains R3 and so on,
R^_R
that is, these form a nested finite sequence.
When z > <u0 +
+ ... + con = 2n all the variables
can attain their maximum value 1.
Now, let us return to the original problem. When
0 < z <1 o0 the domain of integration D coincides with
R as all ts ^ 1. The volume integral (3) is the volume of
the region, V(D) = V(R). When z < max ay, V(R)
contains the volume of the region for which t{ > 1 and
thus this portion, which is exactly the volume of the
region V^), has to be subtracted from V(R), that is
V(D) = V(R) - V(Rj),
When z ^ max (to* + ay) any two variables tt, tj
simultaneously can exceed their bound 1, besides t{ and
tj separately. The region has now all the points for which
any one tt > 1 as also the points for which any two
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£ (-l)V
P(Pn < X) =

1

{x

Q)’*+'

(n + 1) ! WqCOj . . . wn
...(20)

where O — *5owo “b

-f- •.. -|- sncon ^ x -)-

H--------------- 2-------------an<^ tae summation is over all
s0, slt ..., sn which can have only two values 0 and 1.
This is a polynomial in x of degree n + 1 but is piecewise
for different intervals of x.
The probability P(pn > x) of pn being greater than x
is given by the volume integral
J J ... J dt0 dtj ... dtn
over the domain 0 < tt < 1, a>Qt0 + co1r1 + ... -\-contn
> x + 2n_1. By transforming the variables to = 1 —t,,
< 1, w0r0 + • • •
this region is transformed to 0 <
+ wnTn < 2n_1 — x, and the volume integral is obtained
by replacing x + 2”~1 by 2"-1 — x in (20),
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n+1
i \® +® +***4

( — 1)

0 1

P(Pn>x)=-

(n + 1)!

CDgCDj . . .

OJn

where O' = ^0o)0 +... + sncon < —* +

^~UJ'n.

When x > wo+wif - - - +OJ’1 = 2n~\ x+2"-1 > 2n all
the 50, jj, ..., sn can simultaneously reach the value 1 in
(20). Thus
s +s +•••+«
(—x—2n-1+0)n+1
(—l)w+1 S (-l)o

in + 1)! oj0o)1. . .ajn

n+1

i i

i

fn(x) = ifJ ...f [d(x+2n~1 — OJ0T0~. . . — a>nTn)
0 0

0

+ 8(x — 2n~1 + CU0T0 + . . . + a>nTn)]dr0. . ,drn

(—x _ '^n—Vyi+l

A

where the summation has to be extended for all even
values of v0, si> •■■>sn subject to the condition that
Jo + Ji + • • • + sn = 2v (NOrlund 1924, p. 140). The
odd moments all vanish identically as they should, the
distribution being symmetric round the mean 0.
For the sake of curiosity, we shall attempt to obtain the
moments from the density distribution function (13)
itself from the standpoint of Generalised Functions.
The probability density function is

and the vth moment M„ is

OiQ. . . (X)n

+ oo

(n + 1)!

f

Now,

2n~^

xvfn(x)dx = f

n+ 1

A

(—x — 2n~1)n+1

OJ0. ..<t)n

1

2«— 1

^”+1

1 = —x

1

1

1

=

(n +

C
xv d(x + 2n~1 —
J _2«-l

2” 1 dr„

oo

according to a well-known property of the delta-function
(Kaplan, 1962). Thus the odd moments vanish identically
and the even moment Mav is

"o + “i + •■■ +

= 2n~1, as it should be.
The results are valid for any positive w0, o>l5 ..., u>n
not necessarily binomial coefficients. The probability
distribution function for the sum of n + 1 independent
variables can be obtained by putting a)0 = co1 = ...
= wn = 1. In this case the summation in (20) assumes a
simple expression viz.,
n+1
FT)! [(* + n + 1
(n +
n+1
n + 1
n + 1

l
i
M2v = f dr0. . . f [co0r0 + . . . + a>nTn
- w° ±

(2v)!

for

The density distribution is the derivative of this
expression, viz.,
^n + ir
(n + + x+F+l_i

(2v)!
= B.

n + 1
2

<x <
F ~ "

Moments and Semi-invariants (Cumulants) of
the Distribution

«)

5a^(n+1> (—2n

2~2v

X

(2v)!
-------------(*0+l) 1(^+1) !...(.v„+l)!

CD CD-i ... CD,

£2n

We have already obtained the moments of the
distribution from the Taylor expansion of the characteris
tic function (5), viz., the (2v)th moment Ma„ is,
Ma„ = 2~2v D2„-<"+1> [cu0 ...
=
=

-(n+1)

CD 0 CD 1... CD n.

»

O>0 + • • • + wn

2-2vD-<?‘+» (a}oWl...Wn),

n + 1
2 ’

and when transformed from the interval (—J, + |)
to (0, 1), it becomes identical with the expression given in
standard monographs (Cramer, 1962).
5.

co0 + ...

£ = ~

2»

2
’

l = W0T0 + • • • + ^nTn —

(» + 1 + 2v)! " + > ^+1

+ ... + (—l)s lx + n f~ 1 — s
2

+T+2. d

(n + 1 +2v)!

- 1

n + 1

— ... — (d„t„) dx =
(o)0T0 + • • ■ + UnTnf

2«—1

o

= (n + 1)!
So, P(/3?l < x) = 1, when x >

oi0t0

f
xv 8{—x — 2n~1 + oi0r0 + ... + conTn)dx =
J _2»-l
(—l)" ("oT0 + • • ■ + (Jin’rn)V

1)! f dtg f dtJ... J dtn

where s < x +

1

Now

1

/*»"•/ dn+i £n+1

*

...(22)
64

xvfn(x)dx.
2

_ «—

which is the coefficient of (~l)v

(2+

in the Taylor

expansion of the characteristic function in the neigh
bourhood of 0, and is the moment according to a wellknown theorem [von Mises 1964, p. 246], The variance or
the second moment of the distribution is
i

(„+ nr

t>7(

n

“o + F + ■ ■ ■ + "»
12

0 [“0 • • • “«] =--------

(2b) !
...(23)
12 (n!)2’
when cos are binomial coefficients.
The semi-invariants or cumulants, kx, k2, ..., are defined
by the power series expansion of the logarithm of the
characteristic function viz., (Cramer, 1962, p. 186),
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log m=

2
+

+ log

sin |

dt

— CO

comes mainly from the neighbourhood of £ = 0.
Therefore, to a first order approximation, (Ditkin and
Prudnikov, 1965)
+ CO

•■■(24)
where Bx, B2 ... are the Bernoulli numbers or defined
by Hobson. [Hobson’s definition of the Bernoulli
numbers is somewhat different from Norlund’s, though
the generating function is the same.]
So,
„ , B, £4
_ i Bx
+
log
B,

£2

+ CO

~f m

By a well-known formula (Hobson, 1957, p. 366)
2 3B, z*
/sin z\
2 B1 _
l0§ [ ~t) = ~ — 2
4!
!
2r
22r_1 Br
’ (2r)!
r

1 -2!s^+r

+ <2U ~ -f-

24
When n is large </>(() rapidly decreases from its maximum
at £ = 0, and the contribution to its Fourier Transform

From (5),
log m = log

<K

<KQ = exp

-•••

£2 r
_

,.2r + ...
...(25)
+ r (2/•)!
Thus, the odd order cumulants are zero and the even
order cumulant k2v is

fn(PC)

^J

exp -

24

+ < £2 eixZ dl

6x*

exp

< + ... + col)
...(28)
This is a Gaussian distribution with mean zero and variance
+ “! + • • • + oi . When co0, wx, ..., wn are binomial
+ . . . + oil)

12

coefficients, the variance becomes

(2«)!
for this case
12(n!)2

the asymptotic distribution is
/ 6 («!)2 ...
/ ir(2n)\
P

L

6(
!)2
(2k
k)!

J

...(29)

...(26)
5=1

The kurtosis or the coefficient of excess, y2, is given by
(Cramer, 1962, p. 187)
__ *4 _ __ ^2
21
72
4
Bl ■ (Zodf
According to Hobson B, = -J- and B., =
so

y

+ “! + • • • +

6

2

(“o + “i + • ' • + “^)2

It is to be noted that the kurtosis or the coefficient of
excess is always negative, whatever the weights may be.
This shows that the density distribution is more flattened
than the corresponding normal distribution near the
median (platykurtic, (Kendall and Stuart 1958, Vol. I,
p. 86)).
When u>s are binomial coefficients, the numerically
computed values of the kurtosis are approximately,
-0.6,-0.49,-0.44,-0.4, ... for n = 2,3,4,5, ... .
Thus the distribution is moderately platykurtic, rather
slowly approaches the asymptotic Gaussian distribution
with lower probabilities for the extreme deviations than
would be obtained from a Gaussian approximation. We
shall revert to this aspect in the following section where an
asymptotic distribution will be deduced.
6.

P(p„ > x) =

rV2i

I

exp (—t2/2cr2) dt,

.(30)

(2k)!
12(k!)2’

It is evident from the approximation used, the asymptotic
formula will be closer to the original for small values of
x and is likely to deviate considerably for extreme values
of x, that is, near the tail ends, because the approximation
for </>(() is fair only near ( = 0. The first and second
moments of this asymptotic distribution are identical
with those of the original distribution. It is to be particu
larly noted that this asymptotic distribution is identical
with the density distribution obtained on the simpler
assumption that the rounding-off errors follow a Gaussian
distribution with mean zero and variance yy. (Henrici,
1964.) Since the first and second moments are identical
the curves of the exact and the Gaussian approximation
will intersect at two points on each side of the median
(see Figure 1). The Gaussian distribution will give higher
probabilities near the median as also near the tail-ends.
This deficiency of the asymptotic Gaussian distribution
favours the use of the exact distribution, whenever
accuracy is demanded. Still it will be proper to see whether

Asymptotic Distributions

An asymptotic expansion of the density distribution
can be obtained from (24) and (25). The Taylor expansion
(24) is convergent for z < ir. The remainder after the
first term can be easily obtained as
,
Z

V
2L,

52772 + 02772
(s2772 - 02Z2)2

5=1

where 0 < 9 < 1. This is therefore always negative. Thus
to a first order approximation,
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higher order approximations based on the GramCharlier and Edgeworth Series yield better results. Since
all the odd order moments vanish the Edgeworth Series
(Cramer, 1962, p. 229) retaining up to ten terms can be
written as,
Kj_ J,_cP
.00 V2i : e~ W + <22 ' 4!
1= e~W 11 + £ (E4 - 6E2 + 3)
4!
V2*

...(31)

so that,

f

P(Pn > X) = -j=

V Z7T

exp (—12/2) dt +

J X

—!=

V Z7T

g(P-30,

e-W

...(32)

X
cr

variance 1, that is, %=-, a being the standard deviation or the square-root of the variance, and y2 is given
in (27).
Summary of the Main Theoretical Resulst

1. The cumulative distribution function for the
weighted sum of round-off errors has been obtained in the
form
£ (-l)W' +8n (x + ?P±---+M" Fn(x) =
for

(n + 1)! a)0 w1 ... wn

"O + “l +. . . +

< X <

2

^

= 0, outside
where O = .So^o -j-

“o + “>!.+ •

^ '

2

-)- ... + sn wn ^ x +

Jo + wi + • • • +

the summation is to be extended

over all s0, st, ..., sn, which can have only two values
0 and 1, such that x +
Wn — O does not
become negative.
2. The even order moment M2V of (2v)w* order of the
distribution is
M*, = 2~2v D[o,0 ^ ... wn]
2v

= j-iv y

(2v)! o,0*° o,^ ...
(j„ + l)!fe + l)!...(JW + l)I
where the summation is to be carried for all even integral
values of ,y0, slt. . .,sn, such that s0 + st +... + sn = 2v.
All odd order moments vanish. The variance is
^0 + *0? + • • • +
12

3. The semi-invariant or cumulant of even order 2v,
is given by
= (-1 r1 i ■ ~
S a?
^
5=0
where Bv is the Bernoulli number as defined by Hobson
(1957, p. 366).
The kurtosis or coefficient of excess y2, is given by

_ ^4 _ _
^

6

+ to* + • • • +

fn (x)

<*>n

5 K + to2 + ... +

77(01” +

. . . +OJ")

exp

6x2

+

5.

Incidentally, the distribution function for the sum
of independent random variables, each distributed
rectangularly with different parameters, has been obtained
explicitly. The Fourier Transform of the product
sin (o,! t) sin (w21) . .. sin (ajn t)

X

where E is the normalised variable with mean 0 and

7.

4. An asymptotic expression for the probability
density distribution, fn (x), has been deduced for small
values of x, viz.,

("1

0 O2 0 ... (con t)

has also been obtained as a piecewise polynomial.
6. For the particular case of propagation of round-off
errors in tabular differences, where the weights are
binomial coefficients (“), the variance is (2m)!
12 (n!)2
8.

Propagation of Round-off Errors in Tabular
Differences and Numerical Computation of
the Probabilities

While forming tabular differences of a regular
analytic function it is often noticed that the successive
orders of difference decrease in magnitude and then for
higher order differences become irregular in sign with a
tendency to increase in magnitude. This behaviour can
be naively explained from the property of analytic
functions that any arbitrary nth order difference, zl nf (x0),
can be expressed in terms of the nth derivative at some
point E, viz.,
4J"/(*o) = hnf(n) (E), x0 < E < x„ + nh
(Davis, 1963). When h is sufficiently small and the nth
order derivatives are not too large inside the region of
tabulation,
(E) can become so negligible that its
magnitude will be much smaller than the least significant
digit of the tabular values and will not appear signifi
cantly in the tabular differences. On the other hand, the
differences of the round-off errors present in the tabular
values, being of random character, will behave in a
completely different manner, and would be expected to
increase in magnitude. Thus, when hn /<"> (E) becomes
negligible at a certain stage of differencing, the tabular
differences may be regarded as comprising only the
differences of the round-off errors.
On the null hypothesis that differences are totally
ascribable to random rectangularly distributed round-offs
the discrete probability of a difference of K tabular units
may be computed from the frequency function obtained
by differentiating (20),
P(x = K) =/„ (A) =

£(—i)V"V""+<m (k +

• + Wn - aj

n\ o,0 co1 ... o)n
summed over all s0, slt ..., s„, where
provided
D = s0 o)0 + w1 + ... s„
K

...(33)
= 0 or 1,

+ K"0 + “>!+•••+

wn)-

It is to be noted that this is always negative, that is, the
density distribution is always platykurtic.

The probability of an absolute difference of A or more
tabular units is
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L

P{ |x | > K) =

2 /»(*)»

• • -(34)

k=K

“h + • • • + wn), K > 0
Table I gives the probability of occurrence that a
difference takes the value K units, computed from the
exact frequency function (33), the asymptotic approxi
mation (29) and the Edgeworth series (31), and the
probability of an absolute difference of K or more units,
computed from the exact discrete distribution (34) and
the continuous approximations (20) (30) and (32) with
x = K — J. Since the formulae derived by Lowan and
Laderman "(Lowan and Laderman, 1939, p. 360) for the
first, second and third difference are identical with the
corresponding formulae from (33) they would yield
identical probability values.
Table II compares values computed from the exact
frequency function with (i) those given by Miller
(Miller, 1950), (ii) those computed by van Wijngaarden
and Sheen (van Wijngaarden & Sheen, 1950, p. 12, last
but one column) for the third difference and (iii) those
computed from the exact distribution function (20)
taking x=K—i. The discrepancy decreases rapidly
with increasing n, indicating that the probability dis
tribution rapidly becomes relatively insensitive to the
presence of small residual systematic components in
the differences.
L = lOo +

9.

Discussion and Conclusion

The text of Communication MR3 (van Wijngaarden
& Sheen, 1950) became available after this paper had
been submitted for publication. Its results confirm
the validity of (20), (21) and deal with other aspects
of rounding off errors. In this paper we have provided
an independent derivation of the distribution for
arbitrarily weighted sums of rectangularly distributed
data and in the particular case of tabular differences
we have obtained the distribution, an asymptotic nor
mal approximation and an approximation based on the
Edgeworth expansion.
It is to be noted that both these asymptotic approxi
mations have distributions which differ markedly from
the discrete and continuous distributions. The asymp
totic approximation by Edgeworth series, fails to give
a satisfactory approximation due to the slow decline
of magnitude of Kurtosis with increasing order of dif
ferences, so that terms in y22, etc., are not negligible.
This deficiency of the two commonly used asymptotic
approximations strongly favours the use of the exact
distribution functions whenever accuracy demands.
However, for testing tabular differences, critical values
close to Comrie’s 1% values and those obtained from
both the discrete and the continuous distribution may
be calculated from the normal approximation by taking
the variance as (2n)!/(13.4(n!)2) instead of
(2n)!/12(n!)2.

TABLE I
Probabilities for the absolute value of differences due to round-off errors taking the value K or a value of at least K.
A comparison of results obtained from different formulae.
Order of
P(|x| = K)
P(M^K)
P(|x|^K—Dt
computed from formulae
difference
K
computed from formulae
(33)
(29)
(31)
‘n’
(34)
(20)
(30)
(32)
1.0000
0.9772
0.9039
0
1.0000
1.0000
1.0000
1.0000
1
0.0973
0.0000
0.0900
1
0.0000
0.2500
0.2207
0.2380
0.5642
0.5219
0
0.5000
1.0000
2
1.0000
1.0000
1.0000
0.5000
0.4151
0.4670
0.5208
0.4795
1
0.5000
0.5070
0.0207
0.0000
0.0109
2
0.0000
0.0208
0.0339
0.0272
0.3090
0.2900
3
0
0.2963
1.0000
1.0000
1.0000
1.0000
0.4579
0.4601
0.4444
0.7118
1
0.7037
0.6985
0.7153
0.1861
0.2077
0.2222
0.2593
0.2686
0.2453
0.2612
2
0.0415
3
0.0370
0.0417
0.0370
0.0458
0.0528
0.0492
4
0.0051
0.0012
0.0000
0.0000
0.0006
0.0067
0.0018
0.1652
0.1560
4
0.1545
1.0000
1.0000
0
1.0000
1.0000
0.3032
0.2920
0.2891
0.8463
0.8360
0.8448
1
0.8455
0.2345
0.2373
0.5346
2
0.2378
0.5564
0.5586
0.5543
0.1527
3
0.1667
0.1637
0.3216
0.3186
0.3006
0.3178
4
0.0838
0.0930
0.0955
0.1473
0.1519
0.1549
0.1540
0.0388
0.0419
0.0586
0.0624
5
0.0434
0.0564
0.0602
0.0151
0.0140
6
0.0122
0.0130
0.0143
0.0228
0.0173
0.0050
0.0013
0.0009
0.0028
7
0.0009
0.0071
0.0026
0.0014
—0.0001
8
0.0000
0.0000
0.0000
0.0019
—0.0005
0.0871
0.0827
5
0
0.0830
1.0000
1.0000
1.0000
1.0000
0.1700
0.1623
0.1624
0.9170
0.9171
0.9131
0.9174
1
0.1583
0.7434
2
0.1524
0.1533
0.7550
0.7554
0.7546
3
0.1376
0.1405
0.1391
0.6028
0.5854
0.6023
0.6022
0.1190
0.4450
4
0.1196
0.1209
0.4646
0.4653
0.4634
0.0960
0.1004
0.3458
0.3261
5
0.1000
0.3450
0.3426
0.2301
6
0.0739
0.0793
0.2450
0.2458
0.2422
0.0802
0.1656
0.1561
7
0.0542
0.0593
0.1648
0.1629
0.0612
0.1017
0.0417
0.1043
0.1035
8
0.0438
0.0379
0.1036
0.0604
0.0636
0.0617
0.0275
0.0598
9
0.0253
0.0288
0.0382
0.0310
0.0315
10
0.0161
0.0169
0.0340
0.0170
0.0143
0.0219
0.0140
0.0170
0.0098
0.0095
11
0.0088
0.0054
0.0121
0.0048
0.0052
0.0073
12
0.0056
0.0038
0.0064
0.0014
0.0015
13
0.0031
0.0021
0.0025
0.0012
0.0002
0.0032
0.0007
0.0002
14
0.0016
0.0003
0.0002
0.0000
0.0016
0.0001
0.0000
—0.0004
15
0.0008
0.0000
—0.0001
0.0000
0.0000
16
0.0007
0.0004
—0.0005
0.0000
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TABLE II
Probabilities computed from exact distribution and comparison with results of Miller
and van Wijngaarden & Sheen.
Order of
Difference
‘n’
1

K
0
1
0
1
2
0
1
2
3*
4
6*
7
11
12*
21
22*
41
42
79
80*
155
156
303
304

2
3

4
5
6
7
8
9
10

P(M>K)
Exact
Miller’s
distribution
Table
(34)
1.0000
0.0000
1.0000
0.5000
0.0000
1.0000
0.7037
0.2593
0.0370
0.0000
0.0130
0.0009
0.0140
0.0052
0.0128
0.0079
0.0108
0.0084
0.0111
0.0099
0.0103
0.0097
0.0102
0.0099

_

P(xJsK--Dt
van Wijngaarden
Continuous
and Sheen
distribution
(20)
—

—

—

—

—

0.5
0.0
—
—
—

0.04
0.00
0.0130
0.0009
0.0140
0.0052
0.0128
0.0079
0.0108
0.0084
0.0111
0.0099
0.0103
0.0097

—
—

1.0000
0.7118
0.2686
0.0458
0.0006
—
—
—
—
—
—
—
—
—
—
—
—

—

—

—

—

1.0000
0.2500
1.0000
0.5208
0.0208
1.0000
0.7118
0.2686
0.0458
0.0006
0.0143
0.0013
0.0144
0.0054
0.0129
0.0080
0.0108
0.0085
0.0112
0.0099
0.0103
0.0097
0.0102
0.0099

* Comrie’s index for 1 % level,
t When K = 0, the values are for P(|x|^0).
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The Development of an Information System for a
Manufacturing Company
III. Real-time Production Control System in a
Steel Plant t
By L. A. Webster*

In a previous article the writer has described the Order Entry System installed by Lysaghts.
The production Control System described here is being installed at the Port Kcmbla steel
plant. Although two separate papers have been presented, the two systems are completely
integrated. This paper describes a Production Control System based on computer files which
are updated as events occur in the plant. These events are recorded via keyboards located in
the plant and connected by telephone lines to a computer centre three miles distant. To run
this system the computer centre operates 24 hours per day, seven days a week.
DESCRIPTION OF THE PLANT

The computer system is installed at the Port Kembla
steel processing plant of John Lysaght (Australia)
Limited. Processing always commences with a coil of
steel, 25" or wider, and ranging in thickness from
.056" to .187". The raw material, referred to as “Raw
Coils”, is supplied by Australian Iron and Steel (a sub
sidiary of the Broken Hill Proprietary Co. Ltd.) from
their Hot Strip Mill, which is also located at Port
Kembla.
The finished products from the Lysaght plant are
coils or sheets of steel which have been processed
through some of the following units:
Pickle Line
— cleans the steel strip.
— reduces the thickness
Cold Reduction Mill
and changes physical
properties.
Annealing
— softens the strip and
improves ductility by
a heating process.
Coil Temper Mill
— improves surface and
physical
improves
properties.
Continuous Galvanising Lines — applies a uniform
coating of zinc for
corrosion resistance.
Electro Galvanising Lines
— zinc coating by a
different process,
Terne Line
applies a lead/tin
coating,
corrosion
resistant for special
applications.
Paint Line
— applies a coating of
paint to a continu
ous strip on one or
both sides.

Decarburising Line

— produces steel with
an extremely low
carbon content for
use in electrical
apparatus.
Slitting Line
— slits wide coils into
narrower width.
Shearlines
— cuts coils into sheets
of nominated length.
The coils move through a selection of these pro
cesses, depending on the final shape, physical proper
ties and surface quality required by the customer.
There are no assembly line types of operations, the only
additives to the basic strip being the various types of
coatings which are applied as an inherent part of a
process.
AIMS OF THE PRODUCTION CONTROL SYSTEM

The project was commenced as a result of recom
mendations made in a Feasibility Study report
(Webster, 1970). The task given to the team was to
design, develop and install a Production Control
System with the following objectives:
1. To provide an aid to divisional management in
profitably achieving the desired level of customer
satisfaction by—
(a) accurately maintaining the basic records of
production and material movement, and
(b) producing measurements of performance.
2. Providing as by-products the information needed
for order status reporting, accounting and
engineering purposes.
3. Developing a means of optimum scheduling for
plant units.

t This paper was prepared whilst the author wot employed by John Lysaght (Australia) Limited, and it is published with their
permission.
* Computer Sciences of Australia Ply. Ltd., Milson’s Point, N.S.W. Manuscript received September, 1970; in revised form Janu
ary, 1971.
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Production Control System

At the outset the team consisted of only four people
—a Production Superintendent (Project Manager), an
Electrical Engineer, a Metallurgist and a computer
Systems Analyst. They spent the first six months
investigating and documenting current manual systems.
They were also specifically instructed to report, at an
early stage, on two broad approaches:
(a) A system which relied for its input on data which
was manually prepared in the plant, and
(b) A system which would use data collection terminals
in the plant.
Out of this initial investigation came a recommenda
tion for an On-Line System with four major applica
tion areas:
(1) Tracking of material through the plant and main
taining inventories at the various stock locations.
(2) Sequencing of coils for processing at each plant
facility.
(3) Preparation of shift performance reports for each
of the plant facilities.
(4) Reporting on the status of customers’ orders as the
steel moves through the plant.
Management approval was given in June 1967 and
an order was placed on IBM for equipment necessary
to implement the On-line System. One condition of
the contract was that IBM would bring from overseas
to work on the project one of their experts who had
knowledge of both the steel industry and on-line
systems. The man chosen was Mr. D. F. Verchick,
who had for some years been attached to the IBM Steel
Industry Design Group in Europe. Mr. Verchick made
a major contribution to the development of the project.
HOW THE SYSTEM WORKS
Introduction

In an earlier paper the Order Entry System, which
creates input to this system, was described in detail.
That paper describes how an MOI (Mill Order Item)
record was created and how raw materials were
ordered.
The first point of interface between plant activities
and the on-line system occurs when the raw material
is delivered. It arrives as coils of steel strip on flat
bed rail cars, accompanied by the supplier’s despatch
document. When the coil is placed in storage the loca
tion is added to this document and a plant recorder
enters appropriate data into the system via a plant
terminal.
Before the input coil data is accepted into the com
puter stock file a comprehensive edit is carried out
against previously stored information. This ability to
check the data close to the time and place of origin is
one of the key features of the system.
Assigning Coil to Orders

orders are the first to be matched with available
stock in each size—to avoid prior erosion of stocks
by small orders.
(3) Small orders are combined so that the output coils
are maximum size within the limits of material
handling equipment. (The “raw” coils are welded
or “stitched” so that they pass through the Pickle
Lines as a continuous ribbon. Output coil size is
controlled at the exit end.) Large coils mean a
reduction in scrap lost at later units and also a
reduction in handling and set-up time.
(4) Through a series of iterations coils are selected
which best fit the tonnage required to satisfy the
order.
(5) In assigning tonnages, quantity tolerances are
applied but the limits are approached in four
successive attempts at equally spaced intervals.
(6) The Production Control Department administers
the flow of material into process by means of vari
able parameters which they must insert manually
for each assign run. This enables them to effect a
balanced loading on plant facilities and adjust plant
priorities to ensure that delivery promises are met.
As coils are assigned to orders they are removed
from the Raw Coil Stock File, coil records are attached
to the MOI records, and they are loaded into stock
behind the first process unit (physically the coils
remain in the store until used). There are four pro
cesses which can appear as the first operation in a
routing, the Pickle Line being predominant among
these.
Routings

The Routing is the sequence of units through which
material must be processed to make the product
ordered by the customer. In this system the Routing
record, which is contained in a Master Catalogue, also
contains instructions to operators at the various
processes.
Tracking of the material is fundamental to the entire
system and it is the Routing which enables the
material to be tracked. As the system receives advice
that processing has been completed at one unit the
(updated) MOI and coil records are moved into the
stock file behind the next unit in the Routing.
System Functions

The same basic functions are performed at each
process unit:
(1) A record of stock ready for processing is main
tained on a real time basis. Each stock is identified
in Classes (type of product) and priorities (based
on delivery promises).
(2) Sequences (processing schedules by coil) are pro
duced automatically by the computer.
(3) Each activity is recorded on a terminal in the plant.
(4) Performance reports, in physical terms based on
Work Study standards, are prepared for each shift.
(5) Exception reports are produced about material
which has failed to meet specifications.

One of the most complex programs in the system is
that which matches the orders to be processed with
the available stock. Numerous decision-making pro
cesses are embodied in the program to ensure that
delivery promises are met and the maximum process
coil size can be achieved. The following specific opera
tions are performed:
(1) Older orders are satisfied first.
(2) The selection process is designed so that larger

Under the earlier manual system recorders at plant
units maintained a log of all the material processed on
a Unit Shift Report. At each unit the identification
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Production Control System

One keyboard and printer service the exit ends of both
Pickle Lines as shown in the photograph (Figure 1).
Similar basic functions are provided at each of the
operating units in the plant:
Stock files
Sequencing
Operating messages for material tracking
Performance reports
and these are varied according to individual require
ments influenced by the different types of processing
being carried out. The method of sequencing will
differ significantly, for example, between batch and
continuous processes.
Stock Files

Fig. 1: Photograph showing the keyboard and printer located
between the two pickle lines at the output end.

A file is maintained of the stock available for pro
cessing at each production unit. Where multiple units
exist (e.g. three galvanising lines) there is one stock
file plus an indicator to show that material may be pro
cessed on one or more of the units, depending on
design capabilities.
Each stock is sub-divided into Classes and Priorities.
The Classes are chosen so that they provide a basis
for sequencing and the Priorities are determined by
delivery promises.
Details of all Mill Order Items and assigned coils
are shown in stock lists, together with a summary by
Class and Priority (see Figure 2).
Stock lists for every unit are originated in the Com
puter Room at 6 a.m. so that they are available in the
plant when the Superintendents arrive each day. They
may also be originated on demand from a plant key
board but, since they may run 30 to 40 pages, are
always produced on the high-speed printer in the Com
puter Room.
Sequencing in Real-Time

data was repeated and this meant that the Shift Report
involved a tremendous amount of writing and was very
much prone to error. Each month information on over
5500 sheets of paper 13" x 16" was produced
manually.
The recorders desk, paper and ball-point pen have
now been replaced by a keyboard (and in most cases
a printer). Since all of the identification data is
retained in the system, he is required to record on the
terminal only the variable data—dimensions and
characteristics which have been altered at the particu
lar unit. Even a lot of the variable data, such as
changes in dimensions, is automatically recorded
because the system knows what should happen and in
these cases the recorder merely indicates that the coil
has been processed.
The printer is used to give error messages and to
provide a hard copy of activities performed when this
is required. Since the computer system is replacing a
manual system the latter type of message is more com
mon than may be necessary in a new plant which
never had a manual system. Since all data files are
immediately updated the error checking is thorough
and the recorder must correct his error before being
allowed to proceed.
Keyboards and printers are installed in the plant at
carefully chosen locations for each operating unit.

One of the major objectives of the system is to pro
vide the facility for a sequence to be produced quickly
from a stock which is kept up-to-date at all times.
As MOI’s are discharged from one unit, by a key
board message, they are immediately added into the
next appropriate stock file, in sequencing order for
each Class and Priority.
A request from the plant for a sequence is effected
by a keyboard message which nominates the sequence
type (one or more classes) and the number of operat
ing hours required. The sequencing program merges
together the MOI’s in the desired classes, commencing
with the highest priority, until the requirement in terms
of operating hours is met. The actual result in the
computer (disk) file is a sequence chain (of records)
which is a sub-set of the stock chain.
In addition to the automatic sequencing program,
facilities also exist at the keyboard which permit
manual rearrangement of sequences, insertions from
stock and deletions (returns to stock).
A further message is necessary if the Superintendent
or Foreman requires a print of the sequence. He may
request a print of a nominated period of operating
hours or he may ask for all of the sequenced MOI’s.
It is possible to obtain this output on plant printers
but the slow rate (15 characters a second) limits this
because of the excessive use of line time. In the
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Fig. 2: Pickle line stock listing.

majority of cases the work is planned ahead, the high
speed printer in the Computer Room is used, and the
documents sent to the plant. The option of using plant
printers is available for emergencies.

An example of a sequence print is shown in Figure 3.
A sequence print always commences with the MOI
currently being processed and not completely dis
charged.
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PL 2 7C0829 19.35.2.5 SEQUENCE

MOI
6L818—01
INSP,F/TRIM,

CB.CX.R .084

37.750

37.?

NEXT UNIT IS CR FSM
430100 60C-0 3-4 17.60
430200 600-03-4 17.03
-7~hese
43030C 600-03-4 16.07
43C40C 6 C0-03- 4 18.1C
J6337
6 CO—03- 4
9.33
6 CO—03-4
7.49
J6831
J6827
600-03-4
6.63
J6829
600-03-4
4.30
J6847
6CO—03-4
7.03
6 CO—03-4
J6833
7.44
SUSPECT PIPE <J6845
6CC-03-4
8.51
J6836
8.90
6C0-03-4
600-03-4
7.56
J6832
J6826
600-03-4
7.04
600-03-4
4.55
J6823
6.&QM-------Weight
J6824
5CO—03-4
6.60
J6828
60C-03-4
4.70
6CC-03-4
7.57
J6834
9.37
J6093
6 CO—03- 4
600-03-4
8.23
J5852
- Co/i tio.
U6087r 600-03-4 "STW
600-03-4
7.72
J6830
6C0-03-4
9.32
J5872
J6091
600-03-4
9.39
6CC-03-4
8.92
J6095
6CC-03-4
9. 14
J6994
6CC-03-4
J6090
9.26
- L o cat/on
J6089
600-03-4
8.74
8.88
J6096
600-03-4
J6825
600-03- 4-V 6.46
C/O
37.750
37.250
MO I
61820-01
CB.CX.!
INSP,F/TRIM,
NEXT UNIT IS CR FSM
C ORB FD
RAW COIL FROM BULK STORAGE
C/0
CB.CX.R .084
37.750
37.25C
MO I
60925-

IN SP» F/TRIM,
NEXT UNIT IS CR FSM
RAW CCIL FROM BULK

?70.84TnM
are

cc.o

PAGE

03.8

CHG

l

output coils

Warning

about

co/7

coi/ store

195.33T0N

761.80

10.8

C CRB F
STORAGE

Cc/mu/at'/ve:
TONS
HOURS
PL2 7CC829 19.35.25 SEQUENCE
C/0
37.250
392.77TGN
1154.57
16.
MO I
62757-01
CB.CX.R .C84
37.750
INSP,F/TRIM,
NEXT UNIT IS CR FSM
C ORB FD
RAW CCIL FROM BULK STORAGE
C/O
37.250
47.94T0N
1202.51
17.1
MO I
54378-01
LS300Y
.080
DO NOT WELD COILS
Process/ng
INSP,I/TRIM,
NEXT UNIT IS CR FSM
instructions
Y0006
00-00-0
7.34
Y0004
CO-GO-0
7.22
Y0C01
C 0-0 O-O
7.12
Y0018
00-00-0
6.67
Y0005
CO-OO- 0
6.65
6.59
Y0C07
CC-00-0
Warn/ng about abnormai
Y0002
00-00-0
6.35
change in dimensions
10IN WIDTH GAP IN COMEOUT.ATTN FOREMAN
.030 GAUGE GAP.ATTN FOREMAN*
C/O
29.98TON
1232.49
MO I 16C721-01
CB
. 110
48.125
INSP,F/TRIM,
Z HI TEN
NEXT UNIT IS CR FSM
7.98
H9679
2 80-02-1
280-02-1
7.95
H9675
7.29
H9678
28C-02-2
6.76
H9677
280-02-1
C/O
.110
44.750
44.250
46.82T0N
1279.31
13.0
59337-01
CB
MO I
INSP, I/TRIM,
Z HI TEN
NEXT UNIT IS CR FSM
J9527
2 82-02-1
8.06
K0186
7.95
73-03-1
J 8799
7.94
76-01-2
KO 187
7.93
73-03-1
KO185
73-03-1
7.55
KO 188
73-03-1
7.39
C/O
. 09C
35.00 0
34.375
4 6.8 2 T ON
1326.13
18.7
MO I
60503-01
CB
INSP, I/TRIM,
Z HI TEN
NEXT UNIT IS CR FSM
J7930
223-01-1
8.14
212-01-1
7.85
J9 793
7.83
J9792
212-01-2
J9791
212-0 1-3
7.83
J9790
7.66
212-01-2
J9789
7.51
212-01-2
TOTAL Cr SCO
1'26.1 3
18.7

PAGE

2

Fig. 3: Pickle line sequence list.
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Installing the On-line System at the first unit (Pickle
Lines) caused a mixture of excitement and frustration.
The basis of the whole system is that the unit be run
according to a computer produced sequence. This
meant that the Pickle Line Stock records must be a
perfect representation of the physical situation on the
floor at a set point in time.
Both Pickle Lines were operating for 19 of a pos
sible 21 shifts, the two shifts down occurring at the
week-end.
Six attempts were made to start the system on con
secutive week-ends. At each of these starts the system
ran (somewhat haphazardly) for periods varying from
two to 48 hours. Once the system had collapsed there
was no alternative but to stop, fix programs, and wait
until the following week-end. In the meantime, the
plant continued processing many of the MOI’s and
coils which were stationary within the computer files.
At the week-end the Pickle Lines would shut down
for two shifts, which could easily be from 3.20 p.m.
Saturday until 7.20 a.m. Sunday. During this period
the processed orders and material had to be removed

from the stock file, and a sequence produced for each
line four hours before start-up time. The complete
exercise had to be carried out in about 12 hours.
At the sixth attempt, November 6, 1968, when both
systems and plant personnel were becoming rather dis
illusioned, the system stayed up and has been running
ever since.
Installing succeeding units has been much easier
because all of the data is available in the system. The
first step is to reconcile the system stock with physical
stock on the plant floor. This is done by starting with
a zero system stock and allowing a period of about
two weeks, during which the new unit is processing a
mixture of material:
(a) on the floor but not in the system
(b) in the system coming from the previous unit.
All of the type (b) material which is processd during
this period is manually sequenced and “keyed out” of
the system until there is no type (a) material left.
Then it is possible to start the other functions such as
automatic sequencing and continuous, real-time up
dating of computer files.
The development and installation of such a large
and comprehensive system has many problems as it
can be expanding in three dimensions at the one time:
1. New plant production units may be added—
Pickle Line
Cold Reduction Mill
Annealing
etc.-----2. New functions may be added—
Unit: Pickle Line Functions: Material tracking
Unit Sequencing
etc.-----3. New information may be generated—
Unit: Pickle Line Function: Material tracking
Information
Stock Lists
Exception reports on Hold material
Order Amendments
etc.-----Installation of the first unit did not introduce many
complications with routings as only one routing had
the Pickle Line as the second operation. As more
units are added, the more likely it is that the material
being tracked goes out of the system and comes back
in again on a normal routing. The best approach is to
follow the flow of the greatest volume of material. At
times it may be necessary to add a number of units
quickly, providing only the basic functions and limited
information to avoid the situation where material is
being processed by a unit but not recorded in the
system.
At the time of writing the following major operating
units, accounting for the bulk of material being pro
cessed, have been covered by the On-line System:
Raw Coil Store
Pickle Lines (2)
Cold Reduction Mill
Closed Coil Annealing (78 bases)
Open Coil Annealing (6 bases)
Coil Temper Mill
Continuous Galvanising Lines (3)
Shearlines (some material only).
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Operating Messages for Material Tracking

The sequence is the plant action document which
determines coil by coil processing at each unit. As
each coil is processed operating messages are entered
in a keyboard, the number and type of messages vary
ing from unit to unit. These operating messages may
be classified into three groups:
(1) those which record pre-determined events and
enable the system to check action taken:
a coil is charged to the entry conveyor
a coil is discharged to the exit conveyor
(2) those which record events which must occur but
some aspects cannot be accurately predicted, such
as:
amount of scrap taken from a coil
weight of an output coil
(3) those which record exceptional events, such as:
a delay occurring on an operating unit
a coil defect being discovered which requires
a warning being displayed at a subsequent
unit
one or more coils held for inspection
a coil being broken.
Performance Reports

These are produced for each eight-hour shift and,
since files are continuously updated, can be produced
immediately the shift has ended. Time for shift start
and finish is taken from the real time clock in the
computer.
Three types of information are produced:
(1) Listing of all material processed. (Figure 4.)
(2) Summaries, in physical terms, of the critical per
formance factors at each unit. (Figure 5.)
(3) A performance index calculated at every unit based
on Work Study standards.
The data used to produce these performance reports
is written onto tape from the on-line file for transfer
to the commercial system where it is converted into
dollar terms for weekly and monthly cost accounting.
Installation of the System

Production Control System
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f< X
PX
8X
RX
PX

CCIL
VET/MLS
3 * triMO
SCRIP **LY$AGHT
THICK VI 9TH WHIGHT
COIL NO
FRDNT SACK
• 096
6.67
0534
'’5.625
4
* .4°
4
« C9 6
25.625
*
. 00 o
. 67 c
? .43
0 385
4
25.625
4
6.87
4
.. 5.5 00
. 39 6
6.71
4
0586
2
■ ■-» 6 :0
5.1 ”
2
.
6
:. 5,500
0587
.08 6
7
;• 5.50?
4.77
2
. 0° 6
? . 87
?
.096
: 5.603
4 .3?
058?
. 09 6
5,500
2
2
6 ,r4
. 09 6
”5.5 00
4.64
?
0589
. C-- f
r .500
3.59
?
- . 1o
:5, *5 9 0
. 09 6
0590
• t:. s r r
.096
6 .84
?
?
£
I
2
'‘
2r
2
0591
2-,i26
. 02 *
* .11
2
: 5. i. ? -~
- 09 6
3 .27
059?
6 ,62
2:7. ■ 2
2
6.6 8
?
?
35.125
0593
?
. 10 c
.^.125
?
6.86
0594
6 . i2- .v.
.3
?
.12 0
3 7.1 ?. 5
0595
4 .4?
. C9 6
:• 5 .cor
0596
2
2
. 09 5
’ :r. OC'-1
6.73
?
05 9 7
. 034
'8.0 03
.1
0598
9 .2*
7
. 03 4
•j C .250
35°?
4 r-, ;> v r
3
?
. GO 4
C60G
9 £,91
40.259
V .99
. 064
?
, 064
40,250
I o . 1«
r
9602
“8.750
7.3?
2
?
■'603
2
.0- 3
8.750
7.37
?
m- £. 7 5 C
.03 5
7.71
0604
. 08 K 48.75C
2
?
? .85
0605
7 ,?7
?
?
. 08 5
48.750
0606
2
?
48.750
7 ,93
.03 5
2
.09 5
48.750
7 .36
C607
. 08 5
48.750
6 .Si2
7
48.750
2
. 0? 5
7.5 i
0608
9.47
3
.03 5
48.75C
0609
-i
2
. 09 6
3 .54
061C
48.625
■)
2
?
.096
48.625
v
2
• 0^6
48.625
4 .0?
2
2
.096
48.625
6 * 34
7 #j,,J
.096
- 3.62 5
2
0611
2
.096
48.625
4.45

UNIT
SHIFT AIS COIL
COIL
NUMBER

41
42
43
44
45
46
47
43
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68

69
70
71
72
73
74
75
76
77
78
79
SO
31

J3 724
J 2 716
J2725
J2722
J 2718
H7778
J3730
J 3729
J 2714
J2725
J3723
H5890
H6544
H6944
J2731
J2727
J 2736
J2724
H9C99
H 79 6 3
J2760
H5898
J2728
H5SG1
H59C2
H4939
H6926
H696C
H6S60
H6S14
H5899
H5SC4
H6920
J2730
H65 58
H69 5 0
J2726
J 2733
J3936
H9SS1
H9991
H796 I
J 2749
H9994

HEAT
NUMBER
25-2988
25-2995
25-2983
25-2996
25-2996
2 2-5750
31-2196
31-2196
22-5777
25-2988
25-2988
22-5768
25-3011
25-3011
25-2988
25-2988
25-2988
25-2988
31-2224
32-1730
31-2197
25-3003
25-2986
25-3012
25-3012
27-9976
22-5773
26-1734
26-1734
22-5777
22-5767
25-3003
22-5773
25-2988
22-5768
25-3011
25-2983
22-5774
34-0544
33-2387
33-2387
32-1730
31-2227
33-2387

Js/PUT

* PAW COIL SHIP T DATA J
COIL
WEIGHT AV.WGT
81
501.66
6. 19

** RAW
GRADE
P.X
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
PX
RX
RX
RX
CB
CB
CB
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
RX
CB
CB
CB
C3
C?

CB

SHIFT

REPORT * ** NO .1

DI CKLE LIME
DAY

CCIL
DETAILS
** END
SCRAP t^LYSAGHT
THICK WIDTH WEIGHT FRONT BACK
COIL NO
->
2
,096
* .41
06] 2
48.625
2
2
.096 48.625
A . 41
T
?
.096 48.625
4.29
2
2
.096 43. 625
4.01
2
.096
48.625
4. *9
0613
2
?
2
.09 6 48.625
* .*1
.096 48.625
6 .36
2
2
061*
2
.09 6 48.625
7.13
2
2
2
. 096 48. 625
4.36
0615
2
2
. 096 4». 525
*.4*
.09 6 48. 6? 5
4 .46
2
2
2
.096 *•8. 625
4.58
0616
?
2
.09 6 *6.625
1 .36
.096 48.625
7,03
0617
.09 6 48.625
0618
4.40
2
2
2
2
.096 48.625
* .43
?
.096 48.625
4 .44
2
7
"
.096 4 ?.6?rt
*.*i
?
?
9.96
.096
*8. 62 5
0619
7 .6*
2
.096
43.62 5
2
2
.096 43.625
7.58
0620
2
2
. 09 6 4 3.62.5
4.45
0621
7
2
.096 4 3. 62 5
4.4 3
062?
2
.096 4 3.625
2
4 .53
?
?
*8.625
.096
4.54
2
?
.096 4?.625
-+. 27
06? 3
?
7
. 09 6
4.04
48.6?”
0624
2
2
.096 48.625
,73
.0«6
48.625
3.13
0625
2
. Or 6 4S» 62 5
4.31
0626
■?
7
.096 *8.625
4.41
.09 6 *3.625
2
4.5 j
?
7
.096 43.625
* .0*
D6?7
7
. 096 43.625
... ,46
■?
7
.096 48.625
* .31
?
2
. 0°6 4?.625
4.06
0628
?
43.625
. 096
? .61
2
2
. C96
4.07
4 3.6.25
?
7
.096
43.625
10.12
0629
2
2
.096 48.625
5 .01
4,00
.09 6
48.625
0630
7.59
7
.096 48.625
7
.096
*8.625
9 .64
0631
c .s-}
2
.096 *P. 625

Output

Co/z,

SHi = r

no.

l

20- 3-70

PICKLED
WIDTH
25.1250

PRODUCT
NAME
CRCDONT

MOI
PICKLED 7ONE REMARKS NEXT
NUMBER
WEIGHT
NC. CODE NO FACILITY
3
058846-05
1 0.45
CR FSM
9. 04

3

CR FSM

058866-08

11.24

3

CR FSM

058866-08

10.90

v

CR FSM

CRPQ

053866-03

10.65

3

CR FSM

CRPQ

053867-07

9. 59

-3

CR FSM

25.0312

CRPQ

058867-07

9.74

3

CR FSM

24.6250

CRCD9

053322-01

10.19

3

CR FSM

24.6250

CPC DO

052322-01

g , i0

3

CR FSM

24.6.250
24.625C
24.A? 50
24.5312
24.5313
37.2500
39.50 CO39 . 5009
39.50DO
48.1875

CRCOQ
CRCDONT
CRCOQNT
CPCDO
CPC DO
L160
L 160
L 160
L 160
L160
GBOND

057159-08
053382-08
053882-08
053970-02
058970— 0047895—05
''IQCiJ- qi
059942-01
059942—01
059942—01
059873-07

6.4Q
6.57
6.36
5.6?
6. 34
9.02
9.51
: 0,34
°. 63
9. 76
:4.3?

?
3
3
5
5
6
6
6
£
6
1

CR FSM
CR FSM
CR FSM
CR FSM
CR FSM
I HI CO I
IHI COI
IHI COI
IHI COI
IHI COI
CR FSM

45.1275
48.1875
48.1375

G30M9
G30ND
GBOND

059373-07
057869-05
059162-04

7. 33
9.65
14. 30

i
1

CR FSM
CR FSM
CR FSM

48.1875

GBOND

060406-Cl

13.69

l

CR FSM

*8.i87 7
48.137 5
48.1250

GBOND
GBCND
GBOND

060406—?i
059835-09
057852-01

7.3?
9. ?8
16.92

1
1
7

CR FSM
CR FSM
CR FSM

43.1?5C

G30ND

057852-01

7.83

7

CR FSM

25.1250

CRCOQNT

059846-05

25.0625

CRPQ

25.06?5

CRPQ

25.0475
25.031?

PAGE NO.
SHIFT

2

20- 8-70

PICKLED
WIDTH
*8.1250

PRODUCT
NAME
GBOND

MOI

48.1250

GBOND

057852-01

8.75

7

48.1250

GBOND

057852-01

12.85

7

CR FSM

48.1250

GBOND

057852-01

13.06

7

CR FSM

48.1250

GBOND

057852-01

5.82

7

CR FSM

43.1250
48.1250

GBOND
GBOND

057852-01
057852-01

3.03
17.55

7
7

CR FSM
CR FSM

48.1250

GBOND

058932-03

17.23

i

CR FSM

*8.1250
48.1250
*8.1250

GBOND
GBOND
GBOND

058932-03
060074-03
060074-03

7.41
4.99
13.31

i
1
l

CR FSM
CR FSM
CR FSM

48.1250
48.1250

GBOND
GBOND

060074-03
060074-03

*. 1*
*. 61

i

CR FSM
CR FSM

48.1250
*3.1250

GBOND
GBOND

060074-03
060074-03

3.18
13.13

i
i

CR FSM
CR FSM

*3.1250

GBOND

060131-09

12.75

2

CR FSM

*8.1250

GBOND

060131-09

11.42

I

CR FSM

48.1250

GBOND

057852-01

14.75

7

CR FSM

48.1250

GBOND

057852-01

1. 2.27

7

CR FSM

*8.1250

GBOND

057852-01

18.90

7

CR FSM

NUMBER

057352-01

PICKLED ZONE REMARKS NEXT
WEIGHT
NO. CODE NO FACILITY
7
16.65
CR FSM

CR FSM

Y/eld

5/ze

LYSAGHT SHIFT
DATA
* STAN DARD
COIL S WEIGHT AV.W3 r
COIL WOT
48
4? 6 * 2 : o. i 2
14.63

o? ■ cr

line

■-

PRIME
YIEL D
RS .9

* PROCESSING HOURS

ACTUAL
8.000

STANDARD
3. S40

*

DELAY * PERFORMANCE INDEX CALCULATION
HOURS
STANDARD
CONTROL
.009
?9
47

Fig. 4: Pickle line Performance Report—Coil by coil listing.
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Production Control System
S! IT FT

UNIT

I’FPCPT

6 :• - -.in , -

-»j

L I ‘••J G

n* Y

NCI
NUMBER
05B846-C5
:5R36t-CS
0 5V. ■; 67—c?
0 ;8322-C 1
0 57>. 79-OS
0 58 8 8 2-C 8
w. 8970—02
-789 5-C-3
O 59 9 4 2-01
059873-C7
r57869-C5
059162-04
040V06-Cl

5

i

)U J

CRCD7UT
CPr'Q
.0 Rp J
credo

CRCDQ
CRCDONT
Cpcdo
L15 j
L ’ 6 :*•
G33NQ
GTJM3
GBOND
SB 3 NO
G’.nMD
GBOND
G3.DND
GBDMP
58J.Nl)

0598 35-C 9
037852-Cl
053922—03
060074—CB
060I31-C9
057852-01 G3'j>;n

PAG? NO.
^'ilPT

1

go- 8—70

444
RAW Cl";I L r TAIl s * 44 LYSAGMT CO IL DATA ‘*9. YIELD 4**
GRADE THICK
w IDTii OTY WEIGHT 'TV >:EIGHT
WIDTH
ACT
STD
C3L
5
20.51
■ ■ . •' 9 73.1230 9 3.95
COL
.096 it 5 .5 C 4
3 4.0 V
?
32,79 7 5.C625 9 5.95 96,3S
CDi.
3
. 096
20.26
5
10-73 2 . 1212 9 5.9 > 9 S. 40
C13 HI.
. C9 6 75.125
19.51
1
12,79 24.6250 9 5,95 9 6.00
.
"V
l
CP. EL
? 5, : • 2 G
6. 60
j.
c * 0 24.6250 9 5. 0 5 9 '4 SO
2
rr.L
. 1 <? C 25-125
13,50
12-93 24.6250 9 6. 50 95.77
CP EL
. CO 6 25 .000
24,3212 5 ;•. 9 90.46
l
8 .{ 7;
LSD 7 5
1
9.02 27.2500 95. 50 97- 61
1.5'7 5
<
. CO 4
40-42
3 9.-07 0 55.50 97. *-5
CO?,
. CP. 5 4 3.7 5 0
22.90
2
71,6? 43.1675 95.95 94.67
Cr G
40.750
1
9.65 48.1875 9 5.95 97.96
9.85
J
2 4 , p j 48.1875 95.95 96.92
COG
2
. C 3 5 48.75?
1 5. 27
, 085 •• 3.7: C
CBL
3
21.68
?.
21-01 48.1875 95.95 96,90
1
CGG
. CSS 48.73(
9.47
1
9,23 48.1875 95.95 37. ?9
ox
. 096 48.6.75
2? 104.77
9 102.51 4p„I 250 95.95 97-8 4
3 25. ip
. 09 6 48.625
CD
'
24.6-' 4 3.1250 95.95 97.35
pv
43.46
. C. Q 6 43.65:5
1C
42 -46 48.125Q 95.95 97.69
hX
, 09 6 - 8. i2
'• '-.37
24 .17 43.1250 9 5.95 93.37
CG
.0 06 •V?.62r.
5
4 7.15
3
43,9.7 Afi.!?Fn C,-, pr- r7.30

*44 MOI WGT VARIANCE
ACTUAL PKL LOSSES Ih TONS
END
SIDE
CCIL PKL
VAR. R/C-ASSN PKL-ORD
.77
. 06
. OC
, 09
19
. 10
21
.06
1.21
- OC .13
• 19 - 34
33
.74
.03
.00
.09
. 07
20
19
.75
.03
. 00 . 09
. 15 - 20
19
_
.26
.01
.CO
. 0?
7
.51
.04
.or
. 06
. 04 _ 14
1
.49
.02
- 5?
. 06
4
.36
13
.30
, OC
.02
. 05
9
. 15 1
1.23
. 08
. 09
.70
.48 - 40
20
.47
.06
.
12
. 12
23
3 .21
.0•
. CO
. 08 03
10
1 , 03
.22
.04
. 00
08
15
15
.45
.06
.00
. 11
. 05
4
27
.20
.02
. 00
C5
.08 9
2 2.01
.69
47
.91 - 105
. 00
103
. 00
.50
.09
13
. 18 _ 25
1
.34
.30
- CO
. 34 - *3
42
.45
.1C
- 55
. 7? 25
24
11
. 94
.15
- 00
46
24
. 10 - 47

This is a summary of the report in Fig 4.

SHIFT

TOTALS

** RAW
COIL
DATA
COILS
WEIGHT
31
501.. 66

*4

LYSAGHT

COILS
46

DATA
WEIGHT
486.22

CCIL

**

FACTORS
THICK
521.19

*44

WIDTH
540•55

ACTUAL
SIDE
12.63

PICKLE LINE
DAY

^KL LOSSES IN TONS
END
COIL
PKL
1.96
1.33 2.38

P AG E NO.

20- fj-7C

PRODUCT
CRDDNT
CRCDQ
CRCOO
CRST
TERNS 00
CRST
CPC 00
CRCDQ
CRCDQNT
TERNS ST
C- C D0
CRCDQ
CRST
TERNS CD
TERNS OD
TFRNE DO
CRCDONT
CRCDQNT
L 160
SG 120
S3 120

444
4 44 LYSA GHT COIL DATA *4* YIELD ***
O''.TAILS;
RA W
lCJIL
width
GRADE THICK
WIDTH QTY W'SIGHT OTY WEIGHT
STD
ACT
CCL
5
. 09 6 31.375
6
46.80
45.01 30.8750 95.95 96.17
1
7. ffc
. C.96 30 .750
ORE
7.77 20. '1137 95.95 96.21
7 . ? e;
1
C3EL
, 09 6 30.625
7.11 30.1250 95.95 96.34
2
KC : L
.096 ^9.605
13.87
I
13.36 29.12 5C 96.00 96.60
2
CQ
. 096 39.500
15.33
2.
14.86 29. 031 2 95.95 96.61
3
K°S L
.110 28.375
21.45
20.64 28.3750 96.00 96.22
1
. 09
26.750
5 • 65
CRcL
5.20 28.3125 95.95 92.03
A
s
CBEL
. 096 28.625
26. CB 28.1250 95.95 96.41
2 7.05
?
?
15.32 28.1250 96. 50 96. 90
CB.
.. 120 28.625
15.81
K^E
. 09 6 7 8.5 " 5
2
14. 14
2
13.55 28.1250 96.03 95.89
?
OREL
. 006 "! 3.5 0 0
6.82
6.57 28.0625 95.95 96.33
12.23
CBfc'L
. C 9 6 28,500
11.75 79.0625 95.95 96.07
z.
. 096 20.125
7 7.17
K9FL
26.73 27.6250 96.00 98.35
1
CG
. 00 6 28.125
7.7?
7.41 27.6250 95.95 95.98
2
?
CB
1 5.20
14.S? 27.6250 95.95 97.50
. C96 25.125
9 5.27 27.3750 95.95 9 5.86
. 096 28.000
13
ca
99.38
3
4
44 . ?, 4 26.5000 96.50 95.87
7
. 1.40 27.000
46. ?.c
C3L
1 f.
6
CL
. 140 2 6 .6 ? 5
61.27 26.1250 96.50 95.28
. 30
3
?, 29.73 40,6250 95.50 97.63
LS '75
. 08.4 41.773
3 > .45
. 084 40.375
LSI 2 0
4
39.72
4
38.48 29.6750 95.50 96.0 7
39.51
LSI 20
. 084 40 .375
4
38.13 39.6750 95.50 96.50

444 MCI WGT VARIANCE
ACTUAL °KL LOSSES IN TUNS
PKL
SIDE
END
CO IL
VAR- R/C-ASSN PKL-ORD
1.43
.12
47
45
18
. 24
• 23 00
8
. 25
.02
. 04
. 02 1 OQ
.02 7
. 23
.02
. 04
.44
.04
OC
. 06
. 07 14
13
.49
.04
00
. 08
. 09 15
.71
On
7
.06
. 10
. 06 21
.2?
OC
. 03
6
. 13
.02
1 .9.2
.08
00
. I 2
27
26
. 15 7 . 54
.04
00
. 08
.17 16
.47
.04
00
. 06
.01
14
00
7
.22
.02
. 03
. 02 .38
.04
CD
. no
. 06
12
12
.08
00
23
2
.95
. 14
. i5 .
04
.02
.
01
8
. 26
CO
1 . OR
.52
.04
00
. 26 15
4
3. 86
. 26
00
. 51
99
95
. 52 00
.14
. 21
. 09 46
44
1.65
. 17 - 64
2.33
.20
28
.29
1
.06
17
.8°
00
. .13
. 38 - 30
.03
1.19
00
. 20
. 23 - 40
2 .03
. 00 . 20
. 09
40
38
1.19

V
Ca/cu/efiec/

y/e ights

I/sr/srce = Theoret/ca/ vs.

SHIFT

TOTALS

PAW
COIL
DATA
COILS
whig: IT

LYSflOHT C rIL OAT A
- 071 S
WEIGHT

FACTORS
THICK

444
WIDTH
717.96

I

D£r*JLS

SCKAP

MO I
NUMBER
05P826-C8
050871-0?
0574 39-03
058827-04
059782-07
0:56481-10
056138-10
058844-01
058879-01
053414-06
055895-05
0 574 2 6- C 8
0583.-7-07
06Q198-01
056820—0!
059926—Cl
0 588 8.7—C 7
058883-06
051895-04
058671—C3
058675-CV

44 4 MOI WGT VARIANCE
VAR. R/C-ASSN PKL-ORD
2.91 -

dc/us/

J

Output h/e/grhh -

ACTUAL PKL LOSSES IN TONS
SIDE
END
COIL
PKL
19.10
1.5°
.46 •>. 76

*** MOI WGT VARIANCE I
VAR. R/C-ASSN PKL-ORD

Fig. 5: Pickie line Performance Report—Scrap summary.

The possible flow of material between these units is
shown in Figure 6. An arrow, leading out of a unit,
with no destination shown, indicates where material
goes out of the system at present.

Figure 7 shows the computer configurations as at
July 1970. Each unit in the Computer Room is dupli

cated and the two computer systems are mirror images
except for the printers—one being 1100 lines per
minute and the other 600 lines per minute. To avoid
confusion with the operators, one set of equipment
has blue covers and the other yellow.
The tapes can be connected to either CPU by a
manual switch or, if required, all four tapes can be
connected to the one CPU. The On-line machine must
always have one pair of drives connected.
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HARDWARE AND SOFTWARE
Equipment

Production Control System

I'ickl

button and an Error light. Additional features can be
added, e.g. a digital display. All of the keyboards in
this system have nine keyrows so that they are inter
changeable. The normal message of nine digits com
prises a three digit function code and up to six digits
of data. The standard IBM 1053 printer, 15 charac
ters per second, is used in the plant.
Keyboards and printers are connected to the 2701
via a 1070 on each communication line. The 1070
and the 3927 keyboards are unique in Australia and
Lysaghts and IBM suffered some traumatic experiences
during installation due to lack of experience with this
equipment. One of the IBM System Engineers on the
project wrote a series of diagnostic routines which
could be initiated either from the computer console or
any keyboard. These are still used for tracing faults
in the equipment.
Operating System

Fig. 6: Showing the flow of material between major pro
cessing units.

Under normal operating conditions four disk drives
are allocated to each CPU. The On-line CPU may
borrow any drive or drives from the Off-line machine
by using the two-channel switch on the 2841 (disk
controller) and entering a “pack-on’ message via the
console typewriter. The drives on the “master” CPU
are identified as 1B0, 1B1, 1B2, 1B3, and the other
drives as 1A0, 1A1, 1A2, 1A3.
The readers and printers may be switched between
CPUs via a manual switch. It is physically possible
to have both connected to the one CPU but the operat
ing system does not cater for this arrangement.
Switching is used only to provide back-up.
The 2701 Data Adapter Units, which provide the
interface between communication lines and the com
puter, are permanently attached to their corresponding
CPU. This means that, if a 2701 fails, it would be
necessary to switch CPU’s. However, the 2701 is very
reliable and this would be a rare occurrence—not
having occurred once in the two years that this system
has been running.
Additional switches are provided for each commu
nication line so that it can be connected to either 2701.
At present, one of the four lines is used for testing and
it is usually connected to the Off-line computer via the
back-up 2701.
Keyboards and printers installed in the plant are
IBM equipment. The keyboard (Figure 8) was designed
in Europe for use in steel plants or in similar condi
tions requiring rugged equipment. A basic unit has a
set of keyrows, zero to nine in each row, an Enter
The Australian Computer Journal, Vol. 3, No. 2, May, 1971

The supervisor being used by the system is PCMS
—Process Communication Multiprogramming Super
visor. It was developed by IBM in Europe as a Type 3
package. A number of modifications have been made
by Lysaghts, who now accept full responsibility for
system maintenance.
PCMS carries out all of the normal functions pro
vided by a DOS supervisor—its basis was in fact DOS
version 11. In addition, it provides the facility for
handling the communication lines. Each communica
tion line is treated as an I/O device.
PCMS also provides for area management in a
multiprogramming environment. It can handle up to
31 areas, each of which must be a multiple of 2K. It
does not, in its present form, provide for dynamic core
allocation. The areas may be nominated as background
or foreground and there must be at least one back
ground area.
The system provides for multiple priorities in pro
gram execution. At present, three levels of priority
have been allocated for application programs but many
more are used for housekeeping routines.

~y
~sr ’4

(T O

tnzi

Fig. 8: Photograph of IBM 3927 keyboard.
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Fig. 7: Equipment configuration.
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Each CPU has an interval timer and PCMS allows
for separate time interval recording in each area.
A program check routine allows the user to try
device swapping when hardware failures occur rather
than abort the system. A similar arrangement is pro
vided for communication line failures.
A log is maintained of all retrys on disks, tapes and
communication lines. This has proved invaluable in
anticipating hardware problems. A similar feature has
been available under OS and becomes available under
DOS version 23.
PCMS uses the last 2K bytes of core for an Inter
rupt Trace area in which is retained an activity file
of all current system operations.
Accessing Disk Files—Device Independence

Under the IBM Disk Operating System (DOS) for
the 360, when accessing a disk file, it is necessary to
nominate the physical unit (disk drive) on which the
disk pack is located and the location of the file on
the disk pack. Lysaghts have made a change to this
section of the operating system which is of tremendous
benefit in an On-line System using dynamic file control
techniques.
When a pack is mounted and comes ready, identi
fication and file details are read into a table in core.
Provision is made in the table for eight drives—four
on the “On-line” computer and four on the “Off-line”
computer, the latter being accessible via the two
channel switch on the disk controllers.
The table contains the pack identification number
and a reference to the files located on the pack.
Approximately every three seconds the task which
maintains this table is called and it will update the
table with appropriate entries and deletions. Obviously,
unique pack numbers are an essential requirement.
Under this system a user need only specify a pack
number and a file number and the Operating System
will locate the file for him, or instruct the operator (via
the console typewriter) to mount the pack requested
if it is not available. One tremendous advantage is
that if a disk drive fails, the operator merely moves
the pack to another drive and the system carries on
without any further intervention.

Interrupt Trace Area

Checkpoint, Restart and
Error Handling Routines

Permanent Core Routines
including
Dynamic File Control

Application Task Foreground Area
Application Task Foreground Area
Application Task Foreground Area
Application Task Foreground Area

Background Area

PCMS Supervisor

Core Allocation

The allocation of core is as shown in Figure 9. Of
the 64K, 40K is occupied by housekeeping routines
and the remaining 24K is available for application
programs.
All messages from the keyboards are processed in
one of the four 2K foreground areas. The system
allocates whichever foreground area happens to be
available as each message is received.
When a keyboard message requires use of the back
ground area (e.g. calculation of a unit sequence) the
foreground task lodges this request in the background
queue and sends a response back to the plant indicating
that the request has been received. The time taken to
service the request in the queue may vary from a few
seconds to (in rare circumstances) 15 minutes.
Any programs initiated in the Computer Room
which alter records in the On-line files also1 use the
background area. All of these programs are initiated
by an “exec” message on the console typewriter.

The Permanent Core Routines have been written to
cater for the following functions:
1. To provide interface between the communications
equipment installed in the plant and the programs
responsible for servicing the messages arriving via
that equipment.
2. To control program access to disk storage devices
and to control the allocation of disk storage space
to meet dynamic, on-line requirements.
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Fig. 9: Core allocation.

Batch programs may also be run in the background
area. These have the lowest priority and are rolled
out as a result of a request for the background area
either from the plant or the console typewriter.
Permanent Core Routines

Production Control System

3. To provide a means of resolving the potential con
flicts arising from programs executing simul
taneously and attempting to access common data.
4. To provide programs with a means of accessing
the common reference data contained in the cata
logue located on the systems pack. This catalogue
serves two purposes—conversion of codes to alpha
betic descriptions and storage of variable para
meters used by systems and application programs.
Numerous macro instructions have been written which
enable the programmer to access these routines with
a minimum of difficulty. Examples of the facilities
available are:
Locating and releasing of disk records.
Reserving and releasing data files.
Accessing the systems catalogue.
Writing messages to plant printers.
Handling time delays (via the real-time clock).
Termination of all tasks (and automatic release
of reserved core area and data files).
SYSTEM PROTECTION FEATURES

The system installed is a Production Control System.
It does not control the plant processes but it does con
trol the flow of orders and associated material through
the processes. The plant depends on the system being
operative and back-up must be provided to cater for
equipment or system failures. This back-up is provided
by way of equipment or system or a combination of
both.
Equipment back-up:
: Duplex computer equip
ment
Stand-by telephone lines
Alternate power supply
System back-up
: Checkpoint and Restart
procedure
System/Equipment back-up : Device error recovery
Automatic re-assignment
of keyboards when a
communication line
fails.
The equipment back-up is self-explanatory but the
system back-up deserves some elaboration.
Checkpoint and Restart

reconstructs the data files up to the point of failure.
Normally a Restart will commence at the beginning of
the current four-hour period but the procedure caters
for an update which can stretch across more than one
period.
During this period the plant has no access to the
system but plant processing continues and messages
are written down until the system is available again.
The plant recorders then enter all the messages until
the system is in step with plant operations. A serious
situation will develop only when a plant unit runs out
of scheduled material.
This restart procedure effectively does what is
required but it is too slow now that a large percentage
of plant operations is covered by the system. An
investigation is now under way to find a more suitable
procedure, the objective being to reduce to a mini
mum the period that the system is not available to the
plant. A target figure of 10 minutes has been set,
depending on cost.
Device Error Recovery

The software includes routines which reduce the
necessity of aborting the system and carrying out an
update due to device failures. The computer operator
can attempt to recover the situation by switching to
alternative devices in the case of failures on:
Reader/Printer Control
Tape Control
Disk Drive
Disk Control.
The log of recoverable errors provided by the system
provides a warning of potential failures and enables
corrective action to be taken.
The device error
recovery procedure is the next level of protection, and
only when that fails is it necessary to fall back on the
restart procedure.
Re-assignment of Keyboards

Under normal operating conditions each keyboard
has its own unique set of function codes for the
messages which are entered on it.
When one keyboard fails, these functions are auto
matically re-assigned to another keyboard so that the
recorder can continue entering messages, albeit with
some inconvenience.
When a communication line fails, the functions for
all of the keyboards on that line are re-assigned to
nearby keyboards on another communication line.
The keyboards on the various lines have been located
in the plant in such a way that this feature provides
the most satisfactory back-up.
When these abnormal conditions occur the re
assignments are logged on the console printer. The
computer operator can initiate system retrys which
may bring the line or keyboard back up again if it is
an intermittent failure. In the case of an abrupt failure
the operations supervisor notifies the plant of alternate
procedures to be followed and calls the maintenance
engineer. Specially trained troubleshooters are avail
able in the plant on a 24-hour basis to advise and assist
plant recorders when these failures occur.

A checkpoint is taken every four hours. There are
two disk packs which are vital to the system—one of
these is permanently on-line and the other is mounted
as required. Both are copied at checkpoint time.
Originally six checkpoint packs (three pairs) were used
but this was later extended to 12 (six pairs) so that a
24-hour period was available for tracing problems.
The entire procedure is automatically generated by
the system and the operator is instructed which disk
packs and log tapes to mount for each checkpoint. All
of the disks have unique labels.
During each period between checkpoints all plant
messages and all on-line background programs which
have run are logged on tape, and six tapes (24-hour
period) are retained to complement the disk packs.
If a failure occurs the operator initiates the restart
procedure, nominates to the system the last known
“good” checkpoint, and the system automatically
guides him through a sequence of operations which

Rc ferenc 6
Webster, L. A. (1970): “The Feasibility Study: A Case
History”, Austral. Comput.
Vol. 2, p. 61.
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The Use of Multi-Dimensional Cubic Spline
Functions for Regression and Smoothing
By W. J. Whiten*
Methods of analysing multi-dimensional data using cubic spline functions are described.
They are particularly suited to data with relatively few variables but containing more detail
than can be readily extracted by multiple linear regression. Restraints on the amount of
detail replace assumptions on the analytic form of the regression equation. The values
calculated from the spline regression may be used as an abstraction of the data to indicate
an analytic form or a simpler functional form. The methods described provide an indication
of where data are sparse or absent and also calculate a local variance. Examples provide a
comparison with multiple regression analysis.
INTRODUCTION

This paper demonstrates methods for the analysis of
multi-dimensional data whichrmay be used as an alter
native to multiple linear regression. Multi-dimensional
natural cubic spline functions are used instead of analytic
functions. These allow assumptions on the analytic form
to be replaced by assumptions on the amount of local
detail, i.e. the local smoothness of the function. The
parameters of a spline function can be specified as actual
values of the function. For many purposes these fitted
values with their variances may be used as a condensation
of the data and often no further reference to the spline
function is required. However, the spline function can
quite easily be evaluated at other points to provide further
fitted values. Hence the result of this analysis may be
taken, depending on the application, as either a table of
function values with their standard deviations or one of
the explicit forms of the multi-dimensional spline
function. The analysis may also be used to investigate the
functional form of the relation between the variables;
e.g. whether f(xx) + g(x2) fits the values of y just as
adequately as the more general
x2). The results of
the analysis also provide information on the location of
the data points, by no means an obvious or easily
visualised thing when the number of variables is large. A
local variance can be calculated in cases where the
variance of the dependent variable is not constant.
A brief summary of the relevant properties of natural
cubic splines, including the multi-dimensional case, and
also a method of one dimensional least squares spline
fitting are included to develop a notation and to make this
paper self-contained for readers unfamiliar with these
functions. The multi-dimensional cases are then explained
as a natural extension to the first part of this paper.
Examples showing the utility of these methods are
included.
NATURAL CUBIC SPLINE FUNCTIONS

Such a function is one that minimises
+ CO
/ {f"(xW dx
and passes through the points (/z4, k{) i = 1,... p with

hi < hi+1. This integral is seen to'be closely related to the
curvature of the function and its minimisation should
ensure that a very smooth curve is obtained. The natural
cubic spline
S(x) = S([hi], [kil x)
consists of cubic polynomials in each of the intervals
(hi, hi+1) and straight lines in (—co, hi) and (hv, co).
These are chosen so that the first and second derivatives
are continuous at each point (ht, kt). The [/zj are called
the knots of the spline function.
Cubic spline functions may be evaluated by calculating
the second derivatives at the knots /?* from p — 2
tridiagonal linear equations (Greville, 1967, and
Ahlberg, Nilson and Walsh, 1967),
(hi-1 - hi) S" 0hi_j) + 2(/zi_1 - hw) S' (hi)
+ (hi — hi+1) S" (hi+1)
hi - ki+1
kj-\
kj
= 6
...(1)
hi - hi+1.
hi-i — ^
where also S"(hi) — S"(hp) = 0 for natural cubic
splines. The equations (1) are obtained by equating the
first derivatives at each of the interior knots. When these
equations have been solved (Ahlberg et al, 1967) other
information on the spline function can be readily
obtained, (Greville, 1967).
In the remainder of this paper the words spline
function will refer to the natural cubic spline function as
defined above.
CARDINAL SPLINE FUNCTIONS

For least squares fitting of spline functions it is
convenient to use a set of cardinal splines each of which
gives the behaviour around one knot.
The set of p natural cardinal splines on the knots [/zf]
can be defined as (Ahlberg et al, 1967):
Sm (IM x) = S([hH, [8im], x),
where Sim =1 if i = m,
dim = 0 otherwise.
Now we have
p

sm, [kii x) = 2 w

([hii X)

m=l

* Department of Mining and Metallurgical Engineering, University of Queensland, Brisbane. Manuscript received March, 1970.
In revised form, December, 1970.
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so that the spline function can be expressed as a linear
function of the [Ay] which are the function values at the
knots [hi\. Figure 1 sketches the natural cardinal splines
on 5 equally spaced knots. From this figure it can be seen
that the behaviour of a spline function at a point is
effectively determined by those cardinal splines with a
non-zero knot close to the point. This feature makes for
stable computational procedures and shows that a spline
function fit is sensitive to the local behaviour of the data.
(See Powell, 1969.)
Evaluation of cardinal splines is conveniently
performed using the tridiagonal equations (1). Only the
right hand side changes for each cardinal spline and
advantage may be taken of the zeros in [<5im] to speed the
solution of these equations.
ONE DIMENSIONAL LEAST SQUARES FIT
Firstly, we consider the case of the calculation of a
one dimensional least squares fit and error estimates using
cardinal splines. It is assumed that only the dependent
variable contains a random component. This case will be
described in detail and the methods for the more complex
cases will be described by referring to this description.
Alternative numeric procedures are available (see de Boor
& Rice 1969, Jordan 1965, Powell 1967 and Reid 1967).
This method provides direct calculation of function

values with variances, excellent numeric stability and
direct extension into multi-dimensional spaces. However,
it is not particularly suited to large numbers of knots.
Simplifications also exist for equally spaced knots and
data. Reinsch 1967 takes a different approach describing
least squares fitting with spline functions using a knot for
each data point.
A spline function £([/?,], [Ay], x) is fitted to a set of n
data points (xr yr) by calculating the parameters [Ay] to
give a least squares fit; the knots [A,-] having been chosen
so that they cover the range of a values of the data. The
density of the knots determines the amount of restraint
placed on the form of the function.
The parameters k are calculated as the least squares
solution to the equations:
...(2)
Sk = y
where
S = "Si (M, xd sjSM, Xl) . • • S„([/2<]

y

=

Si m, x2)
Si m, xn)
-yi
y2

and

k=

'ki

JnThe least squares solution of equations (2) and error
estimates may be calculated by Cholesky reduction of the
normal matrix S'S (Wilkinson 1965), modified Gram
Schmitt reduction (Householder 1953) or Householder
reduction (Golub 1965). In each case a lower triangular
matrix L is obtained such that:
LL' = S' S.

Then the solution of equation (2) is obtained by the
solution of two triangular sets of equations:
L z = S' y and L' k = zThe residual sum of squares is
(Sk - y)' (Sk -y) = y’y - z'z,

and z has already been calculated.
These calculations may be simply performed by
applying the chosen reduction to the matrix:
[Syl
which then provides the matrix:
0
Vy'y - z'zJ ’
A slight modification to each of the three methods will
suppress the last square root with no side effects.
The residual variance is
o-3 = (y'y - z'z) / (n - p)•
The predicted value at a- may be calculated as
L

a'

s'k

where

Figure 1: Natural Cardinal Splines on 5 Equally Spaced Knots.

= KlOM x) S2([/y], x) ... Sv([hi\, x)].
The variance of this predicted value is:
a2 s' (S'S)-1 s
which may be conveniently calculated from the Cholesky
reduced matrix as:
cj2 w' w where Lw = s,
hence w can be calculated by back substitution in a set of
triangular equations.
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As the ki are the values of the spline function at the
lu the above error calculation also applies to the k{. In
this case all the elements of s are zero except one with unit
value. Now the leading zeros in s also occur in w and
this allows faster calculation of both w and w'w.
Cholesky’s reduction of the normal matrix was chosen
for the current implementation because of a speed
advantage which approaches 2 for large numbers of data
points and because it allows S to be kept conveniently
in secondary storage. The numeric stability of this method
using single precision is believed to be adequate for all
normal usage of the spline regression. The diagonal of the
normal matrix tends to be dominant and numeric
singularity occurs only for parameters associated with
knots which are distant from all the data values. These
parameters are set to zero which produces little effect on
the rest of the regression. However, it is best to omit or
move these knots in subsequent regression runs.
The use of the reduced matrix L for error estimation
provides further savings in calculation. Only the diagonal
of the inverse matrix (S'S)-1 is calculated to get the error
estimates for the parameters [/c*]. This gives a saving of
almost 50% compared with the calculation of the inverse
matrix. A similar saving occurs in the calculation of the
variance of a function value even when the inverse matrix
is available.
It should be noted that a spline function value with two
knots is a straight line and hence linear regression is a
special case of spline regression.
Approximate Distribution of Data

Estimates of the number of data points about each
knot may be obtained by considering the variances
(global) at each knot. The fit is essentially local about each
knot so that the reduction in the value of the variance at a
knot is inversely proportional to the number of local data
points. Thence an estimate of the number of data points
near the zth knot is:—
= s' (S' S) s
"-(3)
where the s is a vector of the values of the cardinal
splines at x — hu i.e. a vector of zeroes except for one
unit element. The previous section describes a method of
evaluating this expression.
Note that this approximation applies when the knots
cover the range of data. If data points are more than say
half the knot spacing outside the end knots this approxi
mation is not reliable at the end knots.
Experimental Design:

The aims of spline regression as described here is to
find a curve fitting the data rather than estimates of a
particular spline function. The estimated accuracy of the
calculated curve should be relatively independent of the
exact position and number of knots. This indicates the
data should be distributed over the region around and
between the knots. To obtain a uniform standard
deviation along the calculated curve the data should have
a density distribution similar to that of the knots. The
relative standard deviation is inversely proportional to
the reciprocal of the square of the number of points about
each knot. Hence the density of data points along the
curve should be approximately proportional to
density of knots
(required relative standard deviation)2 ‘
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Increasing the density of knots increases the amount
of calculated detail and decreases the amount of
smoothing. Numerical experiments have shown this
design to be satisfactory. It has been usual to place the
end knot \ to l of a knot spacing from the end of the data.
However, if curved extrapolation proves necessary the
end knot should be placed outside of all the data.
If the data is known to have derived from a spline
function with known x values for the knots the criteria
for the experimental design are different. (See Studden
and Van Arman, 1969.)
Estimation of Local Variance:

Spline regression can be used to advantage where the
variance is a function of the dependent variable. If the
yr are distributed with mean u(xr) and variance o-2(xr)
we can approximate the mean (as before) and variance
with spline functions:
V = MM, m, xr) and
a2 = a2 ([/?,], [k°], xr)
Assuming a normal distribution then the likelihood of an
estimate to /x and a2 is
n

n

L=

\/2tt cir=l
and the conditions for maximum likelihood are:
1
(Jr - M cr2 dkf = 0

and
y

{o-2 -

(yr -

/x)2} i

= 0

dk°
These are the conditions for the solution of the weighted
least squares problems:
"
1
minimise
2 (yr — /x)2 ~2
a*

r=X

and minimise

r= 1

y

1

2 K-Ov-M2)2^
r=l

where
o\ = a2 (M, [k°l xr)
is considered a fixed weighting function. Now spline
regression is, due to its local fit properties, relatively
insensitive to spacially dependent weights so that the
[&"] can be estimated as before and then the variance is
obtained by using spline regression to predict (yT — /x)2.
The values of <r2 obtained in this manner are biased. An
approximate correction can be made at the zth knot by
multiplying by
>U
tii — 1
the value of is given in expression (3).
The local variance estimates can conveniently be
calculated at the same time as the residual errors. If
Cholesky reduction is used this requires a second pass
over the matrix S. A vector u with elements
{yr - R (M, mi xr)Y
is calculated. Then the vector v of local variance estimates
is calculated from the following equations:
L z = S' u and L' v = z.
r= 1

S3
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the curve at the ordinates 0 (.1) 10. The spline fit with
5 knots is shown in Figure 2 and for comparison the
4th and 6th order polynomial fits. The standard deviations
of the residues are:—
Spline 5 knots
.238
4th order polynomial
.287
6th order polynomial
.241
Table 1 contains the values obtained from the spline
regression. The accuracy of the spline fit is better than the
4th order polynomial and comparable with the 6th order
polynomial. However, the fit near the ends of the curve is
much better in the spline lit and polynomial extrapolation
is in this case unsatisfactory.
Table 2 gives the results of spline regression in the
same curve but with the standard deviation of the normal
variable now varying linearly from .25 at x = 0 to .5
at x = 10. The local variance clearly shows the variation
in variance along the curve. The standard deviation which
is a global figure does not reflect the true standard
deviation of the curve. Variation in the random numbers
has caused the difference between the local variances at
knots x = 5 and x = 7 evident in both tables. About
80% of the difference between they values in tables 1 and
2 can be explained by the motion of the local mean of the
random numbers. The remaining twenty percent is
apparently due to the approximation of the likelihood
maximum.

Figure 2: Fit to an Empirical Curve.
I—Original empirical curve.
II—Data Points showing random error.
Ill—Spline fit with 5 knots.
IV—4th order polynominal fit.
V-—6th order polynomial fit.

S'u may be evaluated without storing the elements of u.
If modified Gram Schmidt is used the residual errors
are already calculated and after squaring these the last
step of the modified Gram Schmidt can be repeated to
calculate z. A method for this calculation using the
Householder transformation is given in Wilkinson, 1965.
A high local variance indicates either the spline
function is too smooth to follow the detail in the data or
the data is more widely scattered in that region.
Numerical Examples:
Figure 2 shows the fit to an empirical curve originally
obtained using a flexi-ruler. A normal variable with
standard deviation .25 was added to the values read from
84

ADVANTAGES OF FITTING A SPLINE FUNCTION
There are several reasons why a spline function may be
preferred to a polynomial or elementary analytic function
for the fitting of data. Some of these reasons are:
1. The spline functions provide a good fit to almost all
types of smooth single-valued curves.
2. Where there is no indication of a particular analytic
form spline functions provide a rapid means of
finding an adequate fit.
3. The results of the spline fit may be used as a first
analysis of the data to provide insight into its
behaviour. Once the data have been smoothed and
reduced to a few typical points (e.g. at the spline
knots) possible analytic forms may be apparent.
4. The fit is essentially local as the behaviour of one
part of the spline curve has very little effect on the
curve a few knots away.
TABLE 1. An empirical curve with constant standard
deviation
X Value

Y Value

Standard
Deviation

No. of
Data Points

Local
Variance

1.0
3.0
5.0
7.0
9.0

0.966
1.431
4.146
6.116
7.337

.049
.052
.056
.052
.049

24.1
20.6
18.1
20.6
24.1

.059
.050
.067
.034
.055

TABLE 2. An empirical curve with changing standard
deviation
X Value

Y Value

Standard
Deviation

No. of
Data Points

Local
Variance

1.0
3.0
5.0
7.0
9.0

0.959
1.413
4.190
6.102
7.273

.073
.079
.084
.079
.073

24.1
20.6
18.1
20.6
24.1

.071
.084
.149
.096
.202
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5. Data with a non-constant variance can be analysed
and local variance estimates obtained.
6. The accuracy estimates for the fitted curve may be
varied from region to region by taking more data
points where greater accuracy is required.
7. As a converse of 6 a high accuracy of the fitted curve
in a certain region shows that there is a concentration
of data points in that region. (This may not be of
much use in the one-dimensional case but is particu
larly useful in multivariate cases.)
8. Control of the amount of calculated detail versus the
amount of smoothing is available on a local basis.
An increase in the number of knots in a certain
region allows the calculated curve to take a more
complicated form there. Alternatively a decrease
applies more smoothing to the data in that region.
9. The parameters of a spline function can be actual
function values (as in the above) which often saves
the calculation of further function values and their
error estimates.
10. A spline function being a piecewise cubic poly
nomial can be rapidly evaluated. This is particularly
advantageous when the curve requires a large
number of parameters.
11. The terminal straight lines are possibly the least
undesirable forms for extrapolation.
MULTI-DIMENSIONAL SPLINE FUNCTIONS

A multi-dimensional spline function may be defined
from the points
(hi hj, ... hQ
(, k{j..{)
where i = 1 . . px
j = 1 • • Pi

as:
S([h\l ® Uij] ® ■ ■ m [k^.cl X) =
q

h st{m) mm)l XT),

m=l

the nth element of k is k(j..(, and the vector j is
>f •

The least squares solution and error estimates follow
as before after replacing
(i) x by the vector x = r vl_l
(ii) s

by the vector with ulh element

n SUm) ([/!?(*.)], xm), and
m= 1
Q
(iii) P by 77 pm.
m=1
Now as the normal equations involve p unknowns and
p can be quite large, it is important to use an economical
method to solve the normal equations and calculate error
estimates. The Cholesky reduction is suitable. The esti
mation of number of data points about a knot, experimen
tal design, and local variance follow as before.
Numerical Example:

1 = 1 • • Pa

2

As for the one dimensional fit we require the least
squares solution to the equations:
Sk = y
but now if we let:
«-1
u = i + (j — 1)^! . . . + ( (— 1) n pm
m= 1
then the (r, u) element of S is:

m

ku-i n sUm) ([hHm)], xm)
m=l

where X is a (/-dimensional vector with elements xm and
l(m) — i if m = 1
= j if m = 2
= ( if m = q.
Hence a multi-dimensional spline function can also be
expressed as a linear function of its values on a rectangular
grid of points in the space over which it is defined.
Ahlberg 1967 and Jordan 1965 give more details and
Gordon 1969 gives a generalised approach to inter
polation using spline functions.
MULTI-DIMENSIONAL LEAST SQUARES FIT

Just as in the case of the one dimensional least squares
fit, the (/-dimensional spline
S(H?] ® • • ih% [*«..,], X)
can be fitted to the n data points
(x,l xr2, . . x«, yr),r= 1,2. . n.
The knots are chosen as before to give a suitable covering
of the data. Gordon 1969, gives a bivariate least squares fit
without computational details using an orthogonal basis.
The Australian Computer Journal, Vol. 3, No. 2, May, 1971

As a demonstration of a multi-dimensional spline fit
we take unevenly spaced samples from an analytic
function and add to them a random variable with
standard deviation dependent on the location of the
sample. The function is
z = 2* - 2y + (8 + x + y) £/50
where i; is a random normal variable with unit standard
deviation. This function was sampled at intersection of
the lines
x 8c y = -2.0 -1.5 -1.0 -0.5 0.0 .25 .5 .7 .85 1.
giving a total of 100 data points. The knots were chosen
to give an approximately uniform reduction in variance.
The x and y values of the knots are:
-1.5 0.0 .85 .
Table 3 gives the result of the analysis of this data as a
two dimensional spline function. For each knot of the
two dimensional spline function four values are given. On
the top line the value of the function is followed by its
TABLE 3: Analysis of 21 — V as a function of two variables.
Standard deviation of z = .155.
X =

y = —1.5
y = 0.0
y = 0.85

—1.5

0.0

0.85

1.42 ± .04
0.00 -+- .05
0.62 ± .04
13.
.016
14.
.010
11.
.006
0.03 ± .04
0.81 ± .04
—0.66 -+- .04
14.
.021
13.
13.
.026
.029
—1.45 -+- .04 —0.81 ± .04 —0.07 ± .04
13.
.033
12.
.030
.023
12.
Key: Value, ± Standard deviation.
Local variance. No. of data points.
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global standard deviation. The second line gives the local
variance and the number of data points near that knot.
Examination of this table shows that we have a satisfac
tory reconstruction of the original function. The number
of data points about each knot is uniform as required and
the global standard deviations, which in this case are not
very meaningful, reflect this. The local variance recon
structs an adequate description of the behaviour of the
random perturbations.
ADVANTAGES OF MULTI-DIMENSIONAL
SPLINE FITS
The advantages of multi-dimensional spline fits are
similar to those listed for one-dimensional splines.
However plots of multi-dimensional data are not readily
available and hence the information obtained is of greater
value. In particular the reduction to values on a rectangu
lar grid enables cross-sections of the behaviour of the
dependent variable (with error limits) to be drawn. This
is very useful in attempts to visualise the behaviour of the
data, to find the most significant variables, and to
investigate possible interaction effects among the
independent variables. Further the number of points near
each knot gives useful information on the location of the
data points. For instance regions where the data are
sparse or absent can be found.
SIMPLER FUNCTIONAL FORMS FOR
MULTI DIMENSIONAL DATA
The multi-dimensional spline function takes, apart
from restraints due to the number of knots, an arbitary
form in multi-dimensional space. However, the data may
be described by a less general functional form such as the
sum of functions over subsets of the independent
variables.
For example the effect of the variables x1 and x2 may be
independent of the remaining variables. This gives the
sum of two spline functions:
£([/?/] <E> [h% [kal A1) + S([hll ® • • [hq(l [kk..(], X2)
where X1 = X1' and X2 = x3.x2
x3
but a degree of freedom has been introduced as the value
of the function is now the sum of a linear function of the
k{j and a linear function of the kh..(. This degree of free
dom may be removed by setting say
(all subscripts 1)
to zero in the second spline function. There is no loss of
generality.
The function to be fitted is
£

ij

n St(m) ([h'”{,„)], xm) +
m= 1

k- •£

H

m=3

St(m) ([h™m)L *W)

•••(4)

where £* is the sum of all elements except the elements
with all ones as subscripts (i.e. k = l . . . / = 1). The
Q
^ Pm
m— 1
parameters of the general case have been reduced to
q
P1P2 + n pm — 1
parameters.
m=3

functions plus analytic functions containing linear
parameters) is treated in the same way. In general the
coefficient of the first term in each spline function after
the first is set to zero and then the regression and error
analysis can be applied.
The estimate of the number of data points about a
knot can still be calculated but now applies to the region
where that knot provides a significant part of the predic
ted y value. The local variances still predict the variance of
y (as a sum of spline functions), but the numeric values for
the individual spline functions after the first have the first
element set to zero to remove extra degrees of freedom.
Whereas the source of the variance cannot be uniquely
located, the source of variations in the value of the
variance is located by this method.
Numerical Example
We can now analyse the data of the previous example
(z = 2X — 2y) as a function of x plus a function of y.
Table 4 gives the results of this analysis. The two spline
functions are added to obtain the estimated value of the
original function. For example, at x = 0, y = .85 the
predicted value of z is 0.64 — 1.46. The local variances
are also added so that at x = 0, y = .85 the local
variance is .012 + .017.
The behaviour of the x and y dependent functions
have been successfully predicted and the increase in the
local variance with x and y is evident. (Note at y = 1.5
the component of the local variance from the y function
has been set to zero.) The predicted function values are
not 2X and —2y but 2x + c and —2,J — c where c is such
that:
-2-1-5 _ c = o.
REGRESSION ANALYSIS AND SMOOTHING
Some of the ways in which multiple spline regression
may be used for the analysis of data are outlined below:
1.The global behaviour of the dependent variable can
be obtained by fitting a multi-dimensional spline
function of all the independent variables. This is
feasible for a maximum of 4 to 6 variables. The
number of knots for each independent variable may
have to be limited so that the maximum size of the
regression matrix is not exceeded. The result of this
analysis may be used as a smoothed reduced data set
to replace the original in investigations into its
behaviour. The values at the spline knots form a
rectangular grid which is most convenient for
gaining some insight into the behaviour of a multi
dimensional function. Any deficiency in the distri
bution of the data points can be detected by
examining the calculated standard errors.
TABLE 4: Analysis of V — V as a function of x plus a
function of y.
Standard deviation of z = .153.
x=
Value =

—1.5
—0.01

±

.009
y =

0.0
.03
21.

0.64 ±
.012

0.85
.03
22.

1.41 ±
.014

0.0

—1.5
—0.62

± 0.03
21.

.03
22.

0.85
—1.46

±

.04
17.

The regression and error analysis follows as before with
the terms of the rows of S coming from expression (4).
The sum of any number of spline functions (or spline

Value =
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0.0

.014

.017

Key: Value ± Standard deviation.
Local variance. No. of data points.
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2. A multi-dimensional spline function may reduce to
the sum of lower dimensional spline functions. In
favourable cases this will be detected simply by
examining the values of the spline function or by
differencing. Alternatively the results of regressions
using the two functional forms may be compared.
The most reasonable approach appears to be: find
the variables that cannot be separated by inspection
of the spline function parameters, then run regres
sions to test the remaining possibilities.
3. Should the behaviour with respect to a variable be
recognised from the table of spline values as an
analytic form it may (provided it is linear in its
parameters) be included in the regression. The
remaining variables may be further analysed using
spline functions.
4. Comparison of regressions with different numbers of
knots indicates whether a more detailed functional
form is available from the data. The local variance
may indicate regions where more detail is required.
Before the spline analysis is applied it may be
advantageous to transform the data. For example a
rotation or a logarithmic transformation may allow a
simpler functional form to be used. Another use of a
preliminary transformation is to obtain a more even
distribution of the data over a rectangular grid of knots.
In cases when the straight line runout is not suitable
the data is best transformed so that correct limiting
behaviour is obtained. Alternatively placing the end
knots somewhat wide of the data points is usually
satisfactory. (Note however that spline functions other
than natural cubic splines can have curved extrapolation.)

The values of z can now be reduced to a function of
x' plus a function of y'. Table 7 shows these functions.
Clearly the function of y' is not significantly different from
0 and can be omitted. The standard error of 0.157 for z
is now higher than was found before the rotation. Placing
the x' knots beyond the ends of the data corrects this
showing that the data is curved at the extremities, e.g
placing x' knots at —1.0 3.0 and 7.0 gives z with a
standard deviation of 0.099. The form of the function
of x' may now suggest a parabola be tried as the regression
equation. If this is done the original form can be recon
structed. However, we already have an adequate
prediction of the behaviour of this function in the region
where the data are.
Comparison with Multiple Regression Analysis

The last two examples have been compared with the
stepwise Multiple Regression Analysis of Efroymson,
1960 as implemented on the GE 225. This technique is the
usual method of obtaining regression equations for
functions of unknown form. Transformations were made
TABLE 5: Analysis of (x + y — 2)74 as a function of two
variables.
Standard deviation of z = .102.
x=
y = 0.0
©
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x' = i(x + y)
y’ = i(y - x)

I
I

Numerical Example
The following example is used to demonstrate the
techniques described in the second part of this paper and
then to provide a comparison with stepwise multiple
linear regression. The function
z = (x + y- 2)*/4 + 0.15
where \ is normally distributed with zero mean and uni t
standard derivation was evaluated at the fifteen points
(i + j, 2 — i + j) with i = 0, 1, 2, and j = 0, 1, 2, 3, 4.
The small number of data points chosen to illustrate the
power of these techniques make the local variance
somewhat meaningless and it has been omitted from this
example.
We consider this function firstly as a two-dimensional
function. Table 5 gives the results of fitting a multi
dimensional spline function to z. The behaviour of the
function is fairly evident and the standard deviation of \
is correctly predicted. The third figure given for each
knot (below the value and standard deviation) gives the
number of points near each knot. These values give a
reasonable indication of the data distribution.
Now we consider this function as the sum of a function
of x plus a function of y and attempt to predict z.
i.e. we assume z is of the form
^ = fix) + g(y).
Table 6 gives the functions of x and the function of y
which has been forced through zero at y = 0. The
standard deviation for z is now 0.52 compared with
0.10 for the function of x and y together (Table 5).
Clearly the prediction of z with a function of both x and
y gives a much more likely fit to the data and hence we

conclude that the data cannot be adequately described
by the sum of a function of x plus a function of y.
Further analysis of this example now requires careful
examination of table 5 for possible simplifications of the
regression form. The line of symmetry x = y may be
apparent. Once this is recognised a rotation through 45°
can be applied to the data. The actual transformation
used was

y = 6.o

6.0

3.0

0.0

3.74 ± 1.32
0.25 ± .13
.48
.01
.59
.05
12.14 ± .15
3.82 ± .06
0.27 ± .13
.59
2.51
.59
24.59 ± .48
12.05 ± .13
2.93 ± 1.32
.05
.59
.01
Key: Value ± Standard deviation.
No. of data points.
0.49 ±

TABLE 6: Analysis of (x + y — 2)74 as a function of x plus
a fraction of y.
Standard deviation of z = .52.
6.0
X =
0.0
3.0
11.7
± .7
Value = -0.3 + .6
1.5
± .4
6.0

3.0

0.0
0.0

.57

1.50

.87

y=
Value =

1.8

±

.5

11.0

±

1.01
Key: Value ± Standard deviation.
No. of data points.
TABLE 7: Analysis of (x + y — 2)74 after rotation
function of x’ plus a function of y\
Standard deviation of z = .157.
x' =
5.0
1.0
3.0
Value =
3.81 ± .09
0.06 ± .10
15.94 ±
2.35
3.20
—1.0
0.0
1.0
y' =
Value =
0.0
0.01 ± .09
0.00 -12.5
Key: Value ± Standard deviation.
No. of data points,

.6
.83

as a

.10
2.35
.09
2.5
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so that the following terms were available for the
formation of the regression equation
x y x2 / xy x3 y3 x2y xy2.
The techniques of backward deletion on significance,
stepwise deletion and insertion on significance, and
maximal reduction of residual sum of squares were tried
and the regression equation at each step was printed.
Much paper was generated.
The second example (z = 2X — 2y) is relatively well
conditioned for analysis using power terms and provides
stable F statistic values for the choice of terms. The three
alternate choice policies all provided the equation
z = 0.06 + 0.73* + 0.17*2 - 0.70y - 0.30/
-0.07/
s.d. = 0.145
The terms xy2 then xy were the next most significant.
This reconstruction is good for the variation with y and
adequate with respect to x. The spline regression provides
equivalent results plus a description of the non-uniform
variance and possibly makes recognition of the form
z =/(*)— /(/ a little easier.
In the third example, (z = (x + y — 2)2/4) the
stepwise regression analysis nowhere chose an equation
with the correct terms in it. However, if the proper terms
were specified the resulting equation was better than any
of the others. The equations were:—
1. Backward deletion
z = 1.01 - 1.82* + 0.23*2 + 0.20/ + QAlxy
+ 0.22*3 + 0.64xy2 - 0.21/ - 0.64/y
s.d. = 0.103
2. Stepwise deletion
z = -0.27 + 0.05*2 + 0.1 Ixy + 0.026/
+ 0.060/y
s.d. = 0.181
3. Maximal reduction of sum of squares included the
above two equations but did not include any symmetrical
equations except the one containing all the terms.
However, in two of the equations (7 and 8 terms) F
tests do provide the correct terms. Even when the random
error term was omitted only backward deletion found the
correct equation without extraneous terms. In this
example the spline regression is considered superior as it
reconstructs the behaviour of the original function and
quite likely leads to the original expression.
In general multiple spline regression provides at least
as good a fit to the data and is more flexible and an easier
controlled tool than stepwise multiple regression analysis
when the precise analytic form of the data is not available.
More information is provided on the nature of the data
and it is less likely that multiple spline regression will
impose an improper form onto the data.

which the precise form of the regression equation is
not known.
The spline regression program was developed for
the reduction of data from mineral processing
machinery to provide simulation models. For this
application the spline regression produces regression
equations which appear to be a better abstraction of
the data than those obtained from multiple linear re
gression and also gives a good indication of the regions
where more data is required. The computer time re
quired is of the same order as for analysis by multiple
linear regression.
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Implementation:
The multiple spline regression has been implemented
in Fortran on a GE 225 computer using 14K of core store
(2 words for real values) and two magnetic tapes. Up to
64 function values or regression coefficients can be
calculated, and the number of data points is not limited.
This program contains approximately 1000 Fortran
statements.

The Standards Association Of Australia
Standards Technical Committee MS/20
Computers and Information Processing
GENERAL

A Committee Meeting was held on 11th March,
1971, in Canberra. Among the items discussed, publi
cation of Standards under consideration as Australian
Standards for Information Processing received major
attention. These are now reaching a significant number.
A Meeting of ISO/TC97/SC 1 which was to be
held mid-January, 1971, has been postponed to late
April, 1971. It is to be hoped that some more urgent
action in the production of a Vocabulary will be forth
coming. Amongst all of the standards being considered
by the International Organization, this area appears to
be the one which is progressing at the slowest rate
despite the fact that more people are now looking
for guidance than was previously the case.
The following abstracts may be obtained 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.-80) 169 F/E
Title: Vocabulary of Data Processing, Section 16, Component
Units of Control Input and Output Equipment, Second
Working Document.
Date: May, 1970.
Number of Pages: 14.
Abstract: This second working document replaces the first one
previously listed as Section P and as its title suggests
covers terms relating to specific items of hardware for
control, input and output.
ISO/TC97/SC1 (Secr.-83) 172 F/E
Title: Section 25, Applications of Data Processing.
Date: May, 1970.
Number of Pages: 2.
Abstract: A proposal for transferring some terms from Section
5 from the Vocabulary of the numerical control of
machines into Section 25 of the ISO/TC97 Vocabulary
of Information Processing.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC97/SC1 (Germany 15) 181 E
Title: German comments on Chapter M, Operating Techniques
and Facilities.
Date: May, 1970.
Number of Pages: 11.
Abstract: This document replaces previous comments of the
German member body on chapter M of the IFIP-ICC
Vocabulary which were previously published to ISO/TC
97/SCI as Document Nr. 124 which is now considered
to be obsolete.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC97/SC1 (Secr.-87) 189 F/E
Title: Vocabulary of Data Processing, Section 16, Component
Units of Control, Input and Output Equipment.
Date: July, 1970.
Number of Pages: 18.
Abstract: This is the third working document on this Section
and supersedes 97/1N85. The document notes as well the
transfer of certain terms from Section 16 to other sections.
Index: Vocabulary, Glossary, Dictionary.
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ISO/TC97/SC1 (Secr.-88) 190 F/E
Title: Resolutions adopted at the 7th Meeting of Special
Committee 1.
Date: July, 1970.
Number of Pages: 4.
Abstract: The main item of significance in this document is
a revision of the program of work which replaces and
cancels resolution 23, Paris, October, 1969. It has been
decided to conduct the program in three parallel streams,
broadly, on data, software, and equipment and storage
techniques. The objective is to have each stream under
taken by a separate group of the Sub-Committee.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC97/SC1 (Secr.-89) 191 F/E
Title: Vocabulary of Data Processing, Section 12, Instructions.
Date: July, 1970.
Number of Pages: 14.
Abstract: This is the second working document on this chapter
covering terms relating to computer instructions, and an
annexure to the document notes amendments and trans
fers to other sections.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC97/SC1 (Secr.-94) 196 F/E
Title: Vocabulary of Data Processing, Section 12, Instructions.
Date: September, 1970.
Number of Pages: 12.
Abstract: This is the first draft proposal submitted to the
vote of Sub-Committee TC97/SC1 members and was
drafted by the standing auditing panel in August, 1970,
on the basis of document 97/1N191.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC97/SC1 (Secr.-95) 197 F/E
Title: Vocabulary of Data Processing, Section, Column,
Digital Computer Programming.
Date: September, 1970.
Number of Pages: 10.
Abstract: This document is a proposal by the standing
auditing panel for a new section that would merge and
replace sections 10, 11 and 12 of the current proposals.
Index: Vocabulary, Glossary, Dictionary.
ISO/TC97/SC1 (Secr.-76) 163 F/E
Title: Vocabulary of Information Processing, Section 2
Mathematics and Logic.
Date: July, 1970.
Number of Pages: 30.
Abstract: This is the first draft proposal on Section 2 to be
submitted to the vote of the Sub-Committee TC97/SC1
members. It supersedes document TC97/SC1 N113.
Index: Vocabulary, Glossary, Dictionary.
Expert Group SC4
DOCUMENT ISO/TC97 SC4/WG3 (ECMA-7) 160
Title: European Computer Manufacturers Association Stan
dard ECMA-10 for Data Interchange on Punched Tape.
Date: July, 1970.
Number of Pages: 22.
Abstract: This document describes the standard adopted by
the General Assembly of ECMA, for data interchange on
punched tape. It gives the dimensions and tolerances for
the tape and the physical composition and characteristics
of this. Appendices deal with transportation, storage,
measurement of light transmittance and dimensional
stability.
Index Terms: Paper tape—punched, Punched paper tape.
DOCUMENT ISO/TC97/SC4 (Germany-8) 106
Title: German proposal for Functional Keyboard for Adding
Machines.
Date: April, 1970.
Number of Pages: 2.
Abstract: As title.
Index Terms: Keyboards.
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Standards Association Notes
DOCUMENT ISO/TC97 (Secr.-81) 143 F/E
Title: Punched Cards. Terms Defined and Approved, Card Use.
Date: February, 1970.
Number of Pages: 3.
Abstract: This document, which is in both French and
English, consists of a list of terms relating to Card Use
defined and approved at the Paris meeting in February,
1970. For each term it provides a precise definition.
Index Terms: Punched cards — vocabulary, Vocabulary —
punched cards.
DOCUMENT ISO/TC97 (Seer.-81) 142 F/E
Title: Punched Cards, Terms Defined and Approved, Card
Internal.
Date: February, 1970.
Number of Pages: 3.
Abstract: This document, which is in both French and
English, consists of a list of terms relating to Card
characteristics defined and approved at the Paris meeting
in February, 1970. For each term it provides a precise
definition.
Index Terms: Punched cards — vocabulary, Vocabulary —
punched cards.
DOCUMENT ISO/TC97 (Sccr.-122) 223 E
Title: Draft TSO Recommendation 2126 Disk Arrangement for
the Alpha Numeric Section on Keyboards Operated by
Both Hands.
Date: May, 1970.
Number of Pages: 2.
Abstract: This recommendation defines the arrangement of a
basic core for the alphanumeric section on keyboards,
where the keyboard is designed for keying with both
hands. The document is concerned only with the relative
positions of the keys and does not attempt to define such
aspects as key spacing, keyboard slope, size and shape
of keys, etc. The Standards Association of Australia
suggests that the subject matter of the document be
indexed under the following terms:
Index Terms: Keyboards.
DOCUMENT ISO/TC97/SC4/WG4 (Japan-12) 59
Title: Explanatory prefix to ISO/TC97/SC4/WG4 (Japan-3)
28.
Date: June, 1970.
Number of Pages: 21 including title page.
Abstract: The original Japanese document mentioned above
was entitled a Proposal for the Logical Specifications of
a Standard Interface, and was mainly theoretical in nature
and as difficulties were experienced by members of the
other National Committees in understanding it, the
Japanese committee has now issued this explanatory
document. It specifies the various conditions assumed in
preparing (Japan-3) and it explains the logical structure
of the proposed interface. Subjects dealt with include
a basic Philosophy of Standardization (Necessary require
ments of an I/O interface: Design considerations) and
a Summary of Logical Specifications: This document
should be read in conjunction with the original paper.
Index Terms: Interfaces—I/O, I/O—Interfaces.

DOCUMENT ISO/TC97/SC4/WG6 (Secr.-52) 164
Title: Third Draft ISO Proposal Reels and Cores for one
inch (25.4 M.M.) Perforated Paper Tape for Information
Interchange.
Date: 30 September, 1970.
Number of Pages: 7 including Annexures.
Abstract: This draft proposal recommends the adoption of
standard physical dimensions of take-up (or storage)
reels with separable flanges, and cores so that rolls of
perforated tape may be intercharged among machines of
various manufacturers. A compatible reel and core are
described and these may be used together or singly to
transfer paper tape from one machine to another. It is
hoped that, if adopted, this document will serve as a
guide in the coordination of equipment design.
Index Terms: Reels and cores—paper tape, Paper tape—reels
and cores.
DOCUMENT ISO/TC97/SC4/WG-l (ECMA-7) 257
Title: A Draft ISO Proposal for a Standard for Data Inter
change on Magnetic Tape Cassette at 31,5 bits per mm
(800bpi) Phase Encoded.
Date: July, 1970.
Number of Pages: 20.
Abstract: The proposal defines and explains the characteristics
of magnetic tape cassettes used for data interchange. It
is based on a Standard proposal from European Com
puter Manufacturers’ Association, with amendments cover
ing conversion and dimensions according to ISO recom
mendation R370/1969.
Index Terms: Magnetic Tape—Cassettes, Cassettes.
DOCUMENT ISO/TC97/SC4/WG-1 (ECMA-6) 256
Title: A contribution by European Computer Manufacturers
Association on Definitions of Basic Concepts for 7 Track
Magnetic Tape at 63 rpmm Phase Encoded.
Date: June, 1970.
Number of Pages: 4.
Abstract: European Computer Manufacturers Association
proposes a new set of definitions following a review of
recent correspondence between ECMA and NBS.
Index Terms: Magnetic Tape—7 track.
DOCUMENT ISO/TC97/SC4/WG-1/269
Title: Contribution by ECMA Data Interchange on Magnetic
Tape Cassette.
Date: September, 1970.
Number of Pages: 23.
Abstract: This document is the second contribution by ECMA
on a draft of a standard for data interchange or
magnetic tape cassettes, using 0.15 inch wide magnetic
tape, recorded at 800 bpi, phase encoded. It specifies the
characteristics of the magnetic tape and cassette; environ
mental conditions during storage, operation and transpor
tation; and the recording method and format.
Index Terms: Magnetic tape cassettes, Cassettes—magnetic
tape.
DOCUMENT ISO/TC97/SC4/WG1 (ECMA-5) 255
Title: Contribution by European Computer Manufacturers
Association on Definition of Characteristics of Reels for
Magnetic Tape Interchange.
Date: June, 1970.
Number of Pages: 6.
Abstract: This document describes the proposed characteristics
for reels for magnetic tape interchange. It recommends
dimensions and tolerances for the reels and hubs and the
physical characteristics of these.
Index Terms: Magnetic tape—Reels, Reels—Magnetic tape.

DOCUMENT ISO/TC97/SC4/WG4 (Japan-11) 58
Title: Japanese Proposal for Draft ISC Recommendation
for an Input/Output Interface for Electronic Data Process
ing Systems (Electrical and Mechanical Specifications).
Date: June, 1970.
Number of Pages: 9 including title page.
Abstract: These specifications cover the electrical and mechani
cal conditions required to allow compatibility at con
necter level for the standard input/output interface, the
logical specifications of which were previously proposed
in ISO/TC97/SC4/WG4 (Japan-3). Electrical specifica
tions are proposed for the Transmitter, Receiver and
Interframe Wiring. Mechanical specifications are given
for the interface cable (inter-frame cable) and the Signal
Timing periods utilized are defined.
Index Terms: Interfaces—I/O, I/O—Interfaces.

Expert Group SC5
DOCUMENT ISO/TC97 (Secr.-231) 330E
Title: Draft ISO Recommendation 1989. Information process
ing—Programming Language COBOL.
Number of Pages: 390.
Abstract: This specification establishes the form for, and the
interpretation of programs expressed in COBOL for the
purpose of promoting a high degree of interchangeability
of such programs for use on a variety of automatic
data processing systems. The document is divided into
two sections. Section 1 is composed of the introduction,
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Standards Association Notes
a list of elements by module, a list of elements showing
their disposition among the various modules, definitions,
a discussion of overall language considerations, and a
composite language skeleton. Section 2 contains a
chapter for each level of the Nucleus and the functional
processing modules. These chapters comprise the detailed
technical specifications for ISO COBOL and are based
on the specifications contained in CODASYL COBOL,
Edition 1965, as modified by the COBOL Language
Subcommittee as of January 1, 1967.
Expert Group SC6
ISO/TC97/SC6 (London-16) 323
Title: A draft ISO proposal for conversational transfer.
Date: February, 1970.
Number of Pages: 9.
Abstract: This recommendation defines the means by which
Data Communication System, operating according to the
Basic Mode Procedures defined in ISO/DR 1745, can
exchange information messages in a fast conversational
manner. It extends Phase 3 (Information Transfer), as
defined in ISO/DR 1745 to allow the reversal of informa
tion transfer without using Phase 4 (Termination) and
Phase 2 (Establishment of Datalink).
S.A.A. Action: For information only.
ISO/TC97/SC6 (LONDON-18) 325
Title: Control procedures for two way simultaneous data
transmission with simultaneous supervision.
Date: February, 1970.
Number of Pages: 5.
Abstract: Describes a proposed set of transmission control
procedures, allowing complete freedom of message format,
for use on channels with simultaneous bi-directional
capability. They can be used for one way transmission
with simultaneous responses or for two simultaneous
transmission with responses inserted between the data
blocks in the opposite direction. The procedures are
designed for point to point operation but could be ex
tended for multipoint.
S.A.A. Action: For information only—see also Doc. 345 for
additional comment and comparison with Japanese pro
posal.

ISO/TC97/SC6 (London-21) 328
Title: A revised draft ISO proposal for code independent
transmission procedures.
Date: February, 1970.
Number of Pages: 4.
Abstract: This recommendation defines the means by which a
Data Communication System, operating according to the
Basic Mode Procedures defined in ISO/DR 1745, can
transfer messages without code restriction. It extends the
Phase 3 (Information Transfer) as defined in ISO/DR
1745, and describes additional uses for the DLE character.
S.A.A. Action: For information only.
ISO/TC97/SC6 (London-22) 329
Title: ISO working paper on Control Procedures for two-way
Simultaneous Transfer of Information with Alternate
Supervision based on the Japanese Proposal ISO/TC97/
SC6 (Japan-11) N269.
Date: February, 1970.
Number of Pages: 36.
Abstract: Proposal for optimum two-way simultaneous trans
mission between a computer and terminals on a multi
point configuration using, as far as possible, the Basic
Mode control procedures. Two procedural levels are
described in considerable detail: Level A, which does not
require enhancement of the Basic Mode but which does
improve line utilization: Level B, which requires
additional control sequences and further improves line
utilization.
S.A.A. Action: For information only—see also Doc. 345 for
comparison with United Kingdom proposal.
ISO/TC97/SC6 (United Kingdom-30) 345
Title: Two-way simultaneous control procedures.
Date: May, 1970.
Number of Pages: 8.
Abstract: This document comments on the essential differences
between proposals originating from Japan and the United
Kingdom respectively. It also illustrates a method of
implementing IATA procedures under the rules of the
United Kingdom proposal.
S.A.A. Action: For information only—refer also document
325 for United Kingdom proposal and Doc. 329 for
Japanese proposal.

Branch Notes
NEW SOUTH WALES
Meetings

In February the Chairman of the Queensland
Branch of the ACS, Mr. A. Goldsworthy, discussed
the design and operational aspects of an on-line system
being implemented at the State Government Insurance
Office in Brisbane.
In March the Branch held its annual general meet
ing, during which the following office-bearers and
executive committee were elected:—
Mr. P. J. Farrell (Compunet), Chairman.
Mr. A. E. Cooley (Computer Consultant), ViceChairman.
^
Mr. A. Kaldor (Kaldor & Assoc.), Honorary
Treasurer.
Mr. K. Pirie (Kimberly Clark), Honorary Assistant
Treasurer.
Mr. W. D. Hodges (International Computers),
Honorary Branch Secretary.
Dr. C. H. P. Brookes (Australian Iron & Steel),
Honorary Assistant Branch Secretary.

Davey (International Computers), Mr. T. O’Flynn
(NCR), Mr. F. Hall (IBM), Mr. L. L. Coyne (OTC),
Mr. M. A. Norsa (Caltex), Mr. E. H. Cowled (E. H.
Cowled Pty. Ltd.).
In addition, Mr. R. W. Rutledge (CSR) is on the
committee as the retiring chairman.
The retiring chairman, Mr. R. W. Rutledge,
addressed the Society on the subject ‘The Australian
Computer Society; some thoughts on its current prob
lems and its future potential’. This paper was pub
lished as a supplement to the April Newsletter.
Future Meetings

Mr. M. Rout (Management Consultant), Mr. D. H.

Although the year’s program has not been final
ised, the following topics will probably be presented
and discussed at future meetings:
• The Law and Computers
• Mini Computers
• Financial evaluation program
• The measurement of the performance and progress
of systems and analysts and programmers
• Report from the management information services
study group
(Continued on Page 96)
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AUSTRALIAN COMPUTER SOCIETY INCORPORATED

Fifth Report of Council
For the Period 1 May 1970 — 31 March 1971
The previous Annual Reports of Council have been
in the form of printed booklets which were circulated
to all members. It was decided at the last Council
meeting that future reports will be published in the
Journal as early as possible in the calendar year; this
will serve the double objects of publishing a timely
report at the least cost to1 the Society.

Mr. Storer resigned in December, 1970, and was not
replaced by the N.S.W. Branch.
Non-Delegate Office-bearers were:—
Honorary Secretary: Mr. B. W. Smith (May meeting);
Mr. B. H. Crook (November meeting).
Honorary Treasurer: Mr. M. A. Norsa (May meeting);
Mr. K. G. Ernst (November meeting).
At the May meeting, Mr. Smith represented Dr.
Overheu, and Professor Bennett attended the meeting
as IFIP Representative. At the November meeting,
Mr. M. G. Way represented Mr. Carpenter, Mrs. E. A.
Bodley and Professor Bennett attended the meeting as
Executive Secretary and IFIP Representative respec
tively, and Dr. D. L. Overheu and Mr. P. J. Farrell
attended part of the meeting as Conveners of Council
Committees.
The office-bearers elected in May 1970 were:—
President: Mr. R. W. Rutledge.
Vice-President: Mr. B. W. Smith.
Honorary Secretary: Mr. B. H. Crook.
Honorary Treasurer: Mr. K. G. Ernst.
The President, Vice-President and Honorary Secre
tary were appointed the Council Executive Committee
for 1970-71.
The Society’s thanks are due to the retiring office
bearers, Mr. P. M. Murton (President), Dr. D. L.
Overheu (Vice-President), Mr. M. A. Norsa (Honorary
Treasurer) and, particularly, to Mr. B. W. Smith
(Honorary Secretary). All served the Society with
dedication and distinction; Mr. Smith carried the heavy
and increasing responsibilities of the Secretary’s office
for two years.

1. MEMBERSHIP

Membership figures as at December 31, 1970, are
shown in Table 1, below. Figures as at December 31,
1969, are shown for comparison.
The growth in membership in the past four years is
shown in Table 2.
2. COUNCIL MEETINGS AND OFFICE BEARERS

Council met twice during the year, on May 25 and
26 and November 23 and 24, 1970. Both meetings
were held in Sydney.
The Branch Delegates for the period were:—
Canberra: Dr. G. N. Lance, Dr. D. L. Overheu (May
meeting); Mr. B. W. Smith (November meeting).
New South Wales: Messrs. R. W. Rutledge and W.
Storer.
Queensland: Messrs. A. W. Goldsworthy and R. E.
Kelly.
South Australia: Messrs. R. R. Archibald and P. C.
Cornish.
Victoria: Messrs. P. R. Masters and P. M. Murton.
Western Australia: Messrs. D. C. Carpenter and
D. W. G. Moore.

TABLE 1
Grade

Year

Fellows ...................................................

1970
(1969)
Members .............................................. 1970
(1969)
Affiliates .............................................. 1970
(1969)
Students ................................................. 1970
(1969)
Total Personal Members .................. 1970
(1969)
Corresponding Institutions ................ 1970
(1969)

Canberra
23
(14)
411
(370)
73
(49)
7
(7)
514
(440)
6
(6)

N.S.W.

QTd.

31
(27)
1,328
(1,162)
165
(171)
52
(24)
1,576
(1,384)
1
(—)

S.A.

7
(4)
265
(234)
85
(73)
9
(15)
366
(326)
42
(37)

Vic.

4
(4)
268
(248)
92
(80)
18
(22)
382
(354)
—
(—)

W.A.

8
(4)
800
(831)
128
(82)
23
(20)
959
(941)
42
(44)

2
(1)
161
(159)
31
(16)
—
(1)
194
(177)
1
(—)

TOTALS
75
(54)
3,233
(3,004)
574
(471)
109
(89)
3,991
(3,622)
92
(87)

TABLE 2
As at Decernber 31

Fellows

Members

Affiliates

1966
1967
1968
1969
1970

—
—
—
54
75

1,677
2,043
2,380
3,004
3,233

133
232
267
471
574

92

..................................................................
..................................................................
..................................................................
..................................................................
..................................................................

Students
21
37
49
89
109

Total
Personal
Members
1,831
2,312
2,696
3,622
3,991

Corresponding
Institutions
65
69
83
87
92

The Australian Computer Journal, Vol. 3, No. 2, May, 1971

Fifth Annual Report
3. ADMINISTRATIVE MATTERS
(a) Central Secretariat

5. COMMITTEES OF THE COUNCIL
(a) Careers and Education Committee

Following a recommendation by the working group
of the Committee established in 1969 to consider the
possibility of centralising the organisation and finances
of the Society, Council Executive Committee has
established a position of Executive Secretary. The
duties of the position are designed to relieve the
Honorary Secretary of as much detailed day-to-day
work as is practicable. Mrs, E. A. Bodley, formerly
Secretarial Assistant to the Honorary Secretary, was
appointed to the position, and attended the November
1970 Council meeting in the capacity of Executive
Secretary.
Further proposals to meet the increasing cost of
Branch administration and the increasing difficulty of
adequate communications between Council, its Com
mittees, the Branches and members were made at
November Council.
Some of these are being
implemented (the publication of this Report in the
Journal being one) and others are being studied. The
latter include a proposal that the New South Wales
Branch provide a service to other Branches in respect
of membership documents and associated matters; this
is being examined by other Branches.

The members of the Committee have been Mr. P. J.
Farrell (Convener, to November 1970), Mr. G. K.
Pirie (Convener, from November 1970), Messrs. J. W.
Barker, A. Cooley, R. J. Hartley, P. R. Masters and
B. W. Smith and Professor J. A. Ovenstone.
The Committee has been responsible for the reprint
ing of two documents, the Computer Courses booklet
giving details of all known computing courses in Aus
tralia, and Careers in Computing, designed to be suit
able for school-leavers.
A further important task, which is allied to the
activity by various Branches in providing assistance to
bodies engaged upon computing courses in high
schools, is that of the production of a newsletter on
computing in schools. Mr. I. Appleton, of South Aus
tralia, has accepted the position of Editor of this News
letter, and the project will now be able to proceed.

(b) Membership Matters

The grade of Associate, which is a corporate grade
of membership conferring voting rights, is now avail
able for those with at least two years’ experience. The
entry requirement for the grade of Member is now
three years, and this will increase to five years as from
the beginning of 1972.
4. AUSTRALIAN COMPUTER JOURNAL

The Journal is now a quarterly publication. The
Editorial Committee has maintained its standard as a
high-quality publication.
The Editor, Dr. G. N. Lance, the Associate Editors,
Professor J. M. Bennett and Mr. E. H. Gibbs, and the
Business Manager, Mr. A. A. Taylor, have all con
tinued to serve in 1970.
After considerable delays, approval was received in
1970 for the registration of the Journal as a periodi
cal, thus enabling the publisher to take advantage of
lower postal rates. Unfortunately the 1970 Federal
Budget increased these rates considerably, so that the
expected savings were not realised. The postal rates
are not a direct charge to the Society, but obviously
the publisher will not be able to offer favourable
terms to the Society, when the current three-year
agreement terminates, if his costs cannot be reduced.
The ANCCAC Prize, which is awarded for papers
published in the Journal, is maintained from funds
transferred to1 the Society from the former Australian
National Committee on Computation and Automatic
Control. The prize for papers published in Volume 1
of the Journal went to Messrs. G. Karoly and J. W.
Marquet for their paper “A Mathematical Basis for a
Terminal Network Cost Minimisation Strategy”. The
1970 prize for papers published in Volume 2 of the
Journal has been awarded to Mr. A. Y. Montgomery
for his paper “Some Aspects of Data Processing
Management in Australia”.
The Australian Computer Journal, Vol. 3, No. 2, May, 1971

(b) Professional Development Committee

The co-ordination of efforts by various Branches in
arranging professional development seminars is to be
achieved by a separate Committee. Mr. P. Richards,
of Queensland, has accepted the position of Convener,
and his aim will be to ensure that all Branches can
benefit from work done in this field.
(c) Constitution and By-laws Committee

This Committee (Convener, Mr. P. M. Murton;
member Dr. D. L. Overheu) has redrafted the Elec
tion of Fellows Instrument to reflect changes to the
method of election so that the Fellows Electoral Com
mittee can in future be elected by the Fellows, and not
by Council.
(d) Data Transmission Committee

The Committee (Convener, Mr. I. G. Nicholls;
members Messrs. C. D. Gilbert, E. G. Dobson, J. M.
Hobley, R. E. Kelly and D. McAdam) hopes to have
a representative from the Postmaster-General’s Depart
ment join them so that meaningful discussions may
take place on the problems of data transmission.
(e) Qualifications Committee

To this Committee (Convener, Dr. D. L. Overheu;
members Messrs. P. C. Cornish, A. W. Goldsworthy,
P. R. Masters, R. W. Rutledge and B. W. Smith) has
fallen the brunt of the work resulting from discussions
in Council on professionalism and the proposed Code
of Ethics.
Two matters arose directly from the draft Code of
Ethics Instrument which the Committee placed before
Council in November 1970.
Such divergence of
opinion was evident on a number of changes which
had been made to the draft that Council resolved not
to execute the Instrument but instead to refer it back
to the Committee for further redrafting. In addition,
the Committee was asked to consider the question as
to whether any Code of Ethics could be practicable.
A third problem which the Committee is studying
is that of defining more closely the entry requirements
for the corporate grades of membership; the term
“good knowledge”, which is used in setting out the
present requirements, is felt to be imprecise and the
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Committee will attempt to explain it by means of
examples.
Council has accepted in principle that entry to the
corporate grades should be by examination as well as
experience. The Committee has the task of reporting
on the practicability of this proposal, and much work
is involved in determining the required standards and
in examining details of the courses available to meet
these standards.
(f) Other Committee Activities

Council has formed two further Committees to
handle two subjects which could scarcely differ more.
The first, which has Mr. R. W. Rutledge as Con
vener, is to investigate the feasibility and economics
of publishing a National Bulletin, to replace Branch
Newsletters and similar publications. A report is
expected to be prepared for the next Council meeting.
The second of the new Committees is to investigate
various questions following broadly under the heading
of “Social Implications of Computers” and it has, as
a first task, the preparation of a policy document on
the subject of privacy in relation to information
stored within computer systems. The Committee’s
Convener is Mr. A. W. Goldsworthy and he is sup
ported by Mr, P. M. Murton and Council Executive
Committee. There are various ways in which the
growing use of computers can have implications for
society; both within and without the computing pro
fession there is growing concern about the possible
infringement of privacy through the introduction and
operation of data banks containing personal informa
tion, and various other issues have aroused interest
and concern.
Council wishes to thank all those Conveners and
members of Committees who have worked so hard in
the Society’s interests in the past year.
6. ELECTION OF FELLOWS

At the November 1970 meeting of Council, the
second election of Fellows took place and the follow
ing 22 Members of the Society were elected to Fellow
ship:
G. W. Hill
K. M. Archer
T. S. Holden
J. S. Armstrong
A. F. Kaldor
C. J. Bellamy
N. Lamming
T. M. Boehm
D. W. McCarthy
C. H. P. Brookes
E. A. Mayer
H. P. Brophy
D. W. G. Moore
B. Z. de Ferranti
P. J. Farrell
I. Oliver
G. A. Rose
R. A. Fowler
L. H. Griffiths
J. J. Russell
C. G. Smith
D. A. Harragan
7. A.C.S. LECTURER 1971

8. OVERSEAS VISITORS PROGRAM

A further disappointment befell this Program when
the second intended visitor, Professor D. C. Evans,
cancelled his visit at very short notice. There is, of
course, very little that the Manager (Mr. R. W. Rut
ledge) or the Society can do about this, but it obviously
damages the Society’s “image” and that of the Pro
gram itself to' have arrangements cancelled at short
notice, and to have this happen to the first two pro
jected visits is most unfortunate.
The Society has every confidence that Professors
M. V. Wilkes and B. A. Galler, the two Visitors for
1971, will enable the Program to get oil to a success
ful start.
In connection with the proposed visit of Professor
Galler, the Society is very grateful to the Australian
Post Office and to IBM Australia for their part in
making arrangements, at no charge to the Society, for
a demonstration, by Professor Galler, of the Michigan
Terminal System in each of the capital cities except
Hobart.
Two overseas visitors welcomed during the year
were Commander Grace Hopper and Dr. R. W. Ham
ming. Neither was an “official” Overseas Visitor, but
both addressed some Branches in eastern Australia at
most successful meetings.
9. COMPUTER CONFERENCES
(a) Fifth Australian Computer Conference

Arrangements for this Conference, to be held in
Brisbane on May 22-26, 1972, are in the hands of an
Organising Committee (Chairman, Mr. C. N. Barton)
and an Executive Committee (Chairman, Mr. A. W.
Goldsworthy).
Members will have seen that the Call for Papers
for the Conference has been issued, giving a deadline
for summaries of October 31, 1971, and a deadline
for full papers of January 14, 1972. It is expected
that about 60 papers will be presented.
Attendance at the Fifth Conference will be limited
to 1,500. In view of the increasing size of the EDP
field in Australia, there seems little doubt that this
maximum attendance will easily be reached.
(b) Sixth Australian Computer Conference

The Sixh Conference will be held in Sydney in 1974.
(c) IFIP 1977 Conference

Council has established a Special Committee, with
Mr. P. M. Murton as Convener, to investigate the
feasibility of Australia bidding for the 1977 IFIP
Conference. The organisation of such a conference
would, of course, be a major undertaking, and many
aspects must be studied before any decision can be
made as to the practicability of a firm proposal to
IFIP.

Mr. I. D. Wadham was appointed A.C.S. Lecturer
for 1971, for his paper “The World of MiniComputers”, originally presented to the Victorian
Branch. Arrangements have been made for the usual
tour of the Branches during May and June. Mr.
Wadham’s paper also appeared in the February 1971
issue of the Journal.

The Branch office-bearers for 1970-71 are shown
in Table 3.
The principal activity of Branches is, of course, the
organisation of general meetings, at monthly or more
frequent intervals. Branches generally attempt to offer
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TABLE 3

Chairman

Branch

Vice-Chairman

Immediate
Past
Chairman

Hon, Secretary

Canberra

B. W. Smith

Dr. G. N. Lance

N.S.W.

R. W. Rutledge

P. J. Farrell

Queenslanc

A. W. Goldsworthy

A. W. Coulter

S.A.

P. C. Cornish

B. Savvas

Victoria

P. R. Masters

B. U. Siem

P. M. Murton

G. W. Stewart

W.A.

D. C. Carpenter

B. C. Appleyard

I. G. Nicholls

M. G. Way

Hon. Assist
ant Secretary

Hon.
Treasurer

R. A. Fowler*

E. H. Gibbs

D. G. Lloyd

D. G. Barry

C. H. P.
Brookes*

R. E. Kelly

I. G. Petty*

J. W. Lubke

A. F. Kaldor
(Hon. Asst.
Treas., G. K.
Pirie)
K. G. Ernst

B. J. Giles

R. R. Archibald

-

—

I. L. Caire

—

L. H. Whiteley

A. Cuttiford

R. L. Silsbury

Branch Address

Box 258, P.O., Kingston,
A.C.T. 2604.
Box R157, Royal Exchange
P.O.,
Sydney,
N.S.W.
2000.
Box 1484, G.P.O., Brisbane,
Qld. 4001.
Box 2423, G.P.O., Ade
laide, S.A. 5001.
Box 98, P.O., East Mel
bourne, Vic. 3002.
Box F320, G.P.O., Perth,
W.A. 6001.

* As at end of year. Mr. B. H. Crook held this post for a short period earlier in the year, t As at end of year. Mr. G. Grimsdale held this post until
August 1970. | As at end of year. Mr. N. A. Dickson held this post earlier in the year

a broad spread of topics consistent with a requirement
that each speaker should appeal to a majority of
Branch members; this balances the fact that articles
published in The Australian Computer Journal com
monly appeal only to a minority of interests.
Most Branch meetings deal with specific uses of
computers, e.g. computers in mining, computers and
the law, but there are many talks on techniques in one
form or another, e.g. simulation. Hardware and soft
ware attract their share of titles (“Present State of
Digital Integrated Circuits”, “Fundamentals of Operat
ing Systems”) and management and education are also
well represented.
Branch Executive Committees are indeed to be
commended on the wide choice they place before their
members.
Other Branch activities include study groups on a
number of subjects, frequently in association with
other bodies, and assistance (again in association with
other bodies) in educational activities in schools and
for adult education bodies.
The activities of the Branches are the basis of much
of the Society’s work. The Society would, in fact, col
lapse without the energetic support of the Branch
Executive Committees and the Branch officials.
Council’s gratitude is expressed in each annual report
and this is a sincere tribute to the Branch efforts.
11. FINANCE

The form and content of the Balance sheet* and
supporting Revenue Accounts differ substantially from
those of previous years and there has been a change
in the mode of accounting. The accrual basis has been
adopted and the necessary adjustments for expenses
relating to 1969 but paid in 1970 are shown as a
separate item in the Appropriations Account. Separate
operating accounts have been set up so as to isolate
significant ventures and to allow an appreciation to be
gained of their financial effects.
The disclosed net surplus of income over expendi
ture is due to a marked extent to the significant excess
of income from the 1969 Computer Conference in
Adelaide. Although to a lesser extent, it is intended
that some contribution will be made towards the cost
of continuing activities from future Conferences and

this was the subject of a resolution at the November
meeting of Council.
There was a small operating deficit for the year of
$300.89. The heavy non-recurring expenses of the re
printing of the Constitution and By-Laws ($1,038.44),
the Ballot on Constitutional Amendments ($438.96)
and the Overseas Visitors’ Program ($1,018.51) were
offset in part by the surplus from The Australian Com
puter Journal.
The preliminary Budget for 1971 indicates that the
present level of capitation fee income complemented
by income from other sources is sufficient to provide
for planned activities.
Because of dissimilarities in the form of presenta
tion of financial results and the need to meet a print
ing deadline, a summary in full of the Financial State
ments of Branches has not been possible.
For this reason a table of significant and comparable
items of income, expenditure, assets and liabilities has
been prepared to allow members to appreciate the con
tributions made by all Branches to the financial posi
tion of the Society.
Some progress has been made, in conjunction with
Branch Honorary Treasurers, in developing a standard
chart of accounts for use throughout the Society.
The degree of co-operation has been encouraging and
without doubt a standard accounting procedure will
facilitate the interchange of ideas and prove of assist
ance in co-ordinating the financial resources of the
Society without infringing the identity of individual
Branches.
12. SUMMARY
Council has taken some steps to help solve the
problems in administration caused by the Society’s
growth in membership and in activities. An Executive
Secretary has been appointed to strengthen the central
administration, attempts are being made to spread the
load of Council’s work over more Committees, action
is being taken to improve communications within the
Society and ways of assisting with some Branch
administrative problems are being studied.
The
Society’s administrative difficulties will be eased by
these steps which are necessary and essential, but it is
doubtful whether palliative measures can effect a

*The Balance Sheet and Revenue Accounts will be published in the next issue.
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cure; it may be that more drastic surgery, involving
constitutional changes, will be necessary at some stage
in the Society’s growth.
Apart from its internal problems, the Society has
also started moving towards higher standards of entry,
including entry by examination. This is intended to
result in a greater professionalism of the Society’s
members, which is essential if the Society is to have
a greater voice in computing matters. Some members
have complained at the apparent lack of progress in
this direction; others would no doubt consider it too
early for the Society to attempt entry by examination.
It must be recognised that very difficult problems are
involved in defining realistic standards for entry and
in evaluating the worth of training currently available
in Australia, and possibly overseas. The Society must
move, but cannot move too quickly, particularly when
it relies largely upon voluntary effort for its work.
The increasing attention being paid to problems of
individual privacy in relation to computing systems,

BRANCH NOTES

FOR THE COUNCIL OF THE
AUSTRALIAN COMPUTER
SOCIETY INCORPORATED
R. W. Rutledge
PRESIDENT

B. W. Smith
VICE-PRESIDENT

B. H. Crook
HONORARY SECRETARY

K. G. Ernst
HONORARY TREASURER

(Continued from Page 91)

• Packages versus programming
• Optimal approaches to testing.
Controversial Discussion

The affairs of the N.S.W. Branch have been con
siderably enlivened recently by a discussion in the
N.S.W. Newsletter and the National Press on the state
of the Society.
This was sparked off by the resignation of founder
member Mr. W. Storer, whose letter published in the
March edition of the Newsletter complained of—
© The dull standard of The Australian Computer
Journal
• The equally dull list of overseas celebrities invited
to address the ACS
• The Society is moving too slowly towards pro
fessionalism
• The self-propagating “Old boys’ club” image of the
Fellows.
Mr. Storer’s letter was accompanied by a sympa
thetic editorial and an attack by the editor on the
general apathy of members.
The ensuing correspondence and comments have
generated more interest in the Society than any other
event for a long while.
QUEENSLAND BRANCH

On 12 February, 1971, the Queensland Branch
conducted a Professional Development Seminar on
“Decision Tables” under the leadership of Mr. Peter
Richards. This subject aroused a great deal of interest
and it is good to find local members of the Society
contributing papers in a specialist capacity in a way
which will broaden the knowledge of this subject
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to questions of ethical conduct by members of the
computing profession and to other social implications
has resulted in Council moving towards establishing a
policy on certain of these matters. So much illinformed discussion takes place, and there is such a
lack of helpful information available to the public
that the Society must devote an increasing proportion
of its resources towards efforts to form a sound national
policy before serious problems arise through the mis
use of computer-based information systems.

within the Branch. Over sixty people attended this
Seminar.
The Annual General meeting of the Queensland
Branch was held on Tuesday, 16 March, 1971, at
which the election of Office Bearers and Committee
Members was conducted. Those elected were as
follows—
Mr. A. W. Coulter, Chairman
Mr. J. M. Marshall, Vice-Chairman
Mr. I. G. Petty, Hon. Secretary
Mr. K. G. Ernst, Hon. Treasurer
Mr. J. W. Lubke, Hon. Assistant Secretary
Mr. J. W. Barker
Mr. M. J. Cock
Mr. M. J. Gallagher
Mr. I. Moriarty
Mr. J. Morris
Mr. K. J. Perkins
Mr. P. A. Richards
Mr. A. W. Goldsworthy, the immediate past Chair
man, is ex-officio a Committee Member.

ANCCAC Prize
The Council Executive Committee has announced
that the award for 1970 should be made to Mr.
A. Y. Montgomery. The prize winning paper was
entitled “Some Aspects of Data Processing
Management in Australia” and was published in
Volume 2, Number 2, May, 1970, pages 71-88.
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A dirty tape can make
a computer look stupid.
Dirty tape causes data dropout.
And data dropout puts computers
down. And that costs money.
That’s stupid.
An intelligent solution is clean
tape. RCA Computer Tape.
It starts cleaner because every inch

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

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

RCA Limited,
11 Khartoum Rd.,
North Ryde 2113
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News Briefs from the Computer World
“News Briefs from the Computer World” is a regular feature which covers local
and overseas developments in the computer industry including new products,
interesting techniques, newsworthy projects and other topical events of interest.

J
A step up from the new Honeywell Model 115/2 computer
is (he Model 1015.

NEW UNITS ADDED TO RANGE
The Information Systems Division of Honeywell Pty.
Ltd. has announced the release of three new business
computers designed for the small-to-medium systems
market.

F. M. Dobbs, director of Honeywell’s Information
Systems Division, said the three new models—115/2,
1015 and 2015—follow on logically from the Honey
well 115 computer introduced last year.
“Already, Model 115 has brought in more than 580
orders world wide,” Dobbs said, “and more than 65 per
cent of these orders represent replacement of com
petitive systems.
“Together, the 115 and the three new models cover a
price-performance range which accounts for over 50
per cent of the world’s currently installed computer
systems”.
Main memory sizes of the four systems range from
16,384 characters to 262,144 characters, cycle times
from 2.75 microseconds per character on the 115 to 650
nanoseconds per character on the 2015.

EDP SYSTEMS HOUSE COMBINES
HARDWARE/SOFTWARE SKILLS
Since the Fairchild group first installed its first
computer system in September, 1969, more than 50
based on the NOVA range of computers have been
designed, developed and installed by them in Aus
tralia.

The systems are described as covering many appli
cations, including factory data collection, keyboard
data entry, data communication, analytical instru
ment control, commercial real time processing, com
putational batch processing, machine tool control, etc.

The company states that the revolution brought on
the EDP community with the introduction of mini
computers has worked its way into areas such as data
preparation. The traditional card punch rooms, paper
tape machines, etc., are now heading for obsolescence,
it predicts. The new generation of data entry devices
consist of blind keyboards, or Visual Display Unit Ter
minals transferred data to a central mini computer and
thence to magnetic-tape of similar device. The com
pany says it has developed a Unique DATA KEY
system for this function using DES, a software package
developed here.
With sophisticated editing, selective verification and
customers “own coding” being some of the facilities
provided, this system will fill the fourth generation
key punch room needs—all developed in Australia.
Many Australian companies decentralize their manu
facturing facilities. The A.P.O. provides an excellent
interstate telephone service. Fairchild Australia is now
supplying a service to allow these interstate companies
to centralize their information flow'over the A.P.O.
lines. The NOVA computers transfer data to and from
each other via A.P.O. modems from one capital city
to another all at standard A.P.O. S.T.D. charges with
no delays such as experienced with overnight freight
services.
The ability of the NOVA to perform this task also
allows it to perform other complex tasks such as data
entry, invoice printing, etc., while it is not actually
“talking” over the telephone.
One large oil company in Australia has ordered four
such systems to collect data at their central office from
remote terminals in the other States via visual display
units and key-board systems. While it isn’t doing this
it is printing delivery dockets, etc., for the following days
work, all created on file at the central office but printed
at the remote site.

A CALCULATOR
You can take from client to client.
The addiator range of pocket calculators now
includes
Hexadat: hexadecimal calculator loading to eight
digits
Octadat: calculates in octal to six digits
Decimal: in many configurations, “Triplex” and
"Duplex” models load nine digits.
Most models function
a + b
a — b —a + b.
Prices on request.
Telephone (03) 86 6214
ADDIATOR
Call 49 Earl St., Kew
div!sion pty I'Jd Staples
Write P.O. Box 9, Kew, Vic 3101
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When 31 of Australia! most
sophisticated computer users
demanded a mini computer
with big computer capacity
Monash University
Australian Mineral Development
Laboratories
Physical Measurements Laboratory
North Sydney Technical College
Alcoa of Australia Limited
Adelaide University
Commonwealth Scientific and
Industrial Research Organisation
(Division of Forest Products)
Weapons Research Establishment
(Electronics and Communications
Division)
Commonwealth Scientific and
Industrial Research Organisation
(Division of Animal Genetics)
University of Melbourne
(Department of Electrical Engineering)
Austral Pacific Fertilizers Limited

Commonwealth Scientific and
Industrial Research Organisation
(Division of Applied Physics)
New South Wales Institute of
Technology
(School of Electrical and Electronic
Engineering)
Hardie-Ferodo Pty. Ltd.
Papua & New Guinea Institute of
Technology
Commonwealth Scientific and
Industrial Research Organisation
(Division of Chemical Physics)
Colonial Sugar Refining Co. Ltd.
(Central Laboratory)
Government Aircraft Factory
The Queensland Government Chemical
Laboratory

Commonwealth Scientific and
Industrial Research Organisation
(Division of Animal Health)
Salisbury Teachers' College
(Education Department of S.A.)
Trace Element Laboratories Pty. Ltd.
(X-Ray Division)
James Selkirk Pty. Ltd.
New South Wales Institute of
Technology
(Department of Information Science)
Australian Iron and Steel Pty. Ltd.
Colonial Sugar Refining Co. Ltd.
(Research Laboratory)
University of New South Wales
(Dept, of Applied Psychology)
Australian Atomic Energy Commission
Esso Standard Oil (Aust.) Ltd.

They chose Nova!
NOTONE, BUT THREE PROFESSIONAL 16-BIT GENERAL PURPOSE MINI COMPUTERS —
From scientific to commercial applications — offering the system builder or computer purchaser the
best performance, flexibility — and value for money.
SUPERNOVA SC: The first mini computer with a high-speed all monolithic
memory, making it the fastest mini computer in the world,
NOVA 1200: The first mini computer to take advan,o^°
of large- and medium-scale integration
(1200 nanosecond cycle time),
very reliable, and considerably
less expensive than any other mini
computer at its performance level.
NOVA 800: A new machine that offers
even more speed and performance than
the Nova 1200 for the man who needs it.
At a price he can afford.
All NOVA'S are compatible, they use the same software,
the same I/O interfaces, the same peripherals and fit in the
same amount of space. It’s not just NOVA that you’re choosing — it’s
the availability of a full range of software, peripherals,
systems expertise, service and support from
nAMDiiTCD
FAIRCHILD IN AUSTRALIA.
You’d like to know more about the 3 new NOVA'S?
UUMrU I trl oYbILMo
then call
7234131
MELBOURNE:
435 279 & 435270
SYDNEY:
81 4900
PERTH:
978222
BRISBANE:
AUSTRALIA PTV. LTD.
895097
CHRISTCHURCH, N.i
420
Mount
Dandenong Road, Croydon, Victoria
37
7723
ADELAIDE:

FAIRCHILD

P.O. Box 151, Croydon, 3136.Telephone 7234131
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V

IT COSTS
JUST $1,872
finS” ‘fc&SSS’

TO READ PAPER TAPE
AT 1000 CHAR/SEC

:

FACIT 4001
els

tj

□ Interfaces to all computers
□ Small size 17"x12”x8”
□ Backed by the FACIT name

Telephone for a demonstration, 439-7522

ELECTRONIC

ASSOCIATES

PTY.

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

LTD.
439-7522

ADDITION TO INFORMATION DISPLAY
SYSTEMS
An interactive complex graphic and high-density
alphanumeric computer terminal with an 11 inch split
screen CRT display is available here.

The manufacturers, Tektronix Australia Pty.
Limited, explain that data can be entered at the key
board which accommodates all 128 ASCII codes or at
the plug-in auxiliary port which accepts interactive
graphic units utilizing the Tektronix Joystick and other
analog input, or acquisition devices.
High resolution, non-flicker displays are stored on the
main portion of the split screen CRT. In total 39 lines
with 85 italic or vertical characters per line can be dis
played. Any point on a 1024 x 1024 co-ordinate matrix
can be addressed in three different graphic modes; and
any point on a 761 by 1024 co-ordinate matrix can be
viewed.
The split screen design offers users the benefits of
both storage and refreshed displays, including the fol
lowing advantages and conveniences, according to the
manufacturers:
• The computer and the operator can address the
scratch pad without disturbing previously stored in
formation on the main portion of the CRT.
• Data can be composed, edited and viewed on the
scratch pad and then the contents or selected portions
sent to the computer, or main display area, or both.
• The direct view storage tube eliminates the need for
a separate expensive refreshed memory for the main
storage display and minimizes the information re
quirements of the data source.
xii

LEARN PROGRAMMING
Unlimited practical time on our 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.

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

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

1130 ASSEMBLER
PROGRAMMING
Full-time day course for duration
of six weeks or part-time night
course of twelve weeks.

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

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

Full details obtainable from our brochure EDP/1,

BLOCK TIME
AVAILABLE TO ENGINEERS & SURVEYORS
$45.00 per hour

TAYLOR’S
SCHOOL of COMMERCE
300 Little Collins St., Melbourne. 3000. ’Phone 63-2566
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Man for Man,
Dollar for Dollar,
System for System,
we offer the computer
user more than any
other computer
company afloat
The Other Computer Company

Honeywell
INFORMATION SYSTEMS DIVISION

Phone Sydney 69-0355
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