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

It avoids using costly computer time for com
munications. It gives you complete verification
logic and, for hard copy capability in your
branches, a high-speed printer can be added.
The Data Communicator is freestanding and
can perform normal tape encoding and verifica
tion when it’s not communicating. Its magnetic
tapes are compatible with'any make of com
puter. Other models provide additional capa
bilities, such as card and paper tape reading, as
well at data communications.
Learn more about the versatile MDS En
coder family and its exciting new capabilities
in data transmission. Call your NCR man
to-day, or write to
NCR, Box 2626,
G.P.O., Sydney,
2001
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Write or phone sole Australian distributor:
MAURICE CHAPMAN & CO. PTY. LTD.
276 Castlereagh St., Sydney 2000. 61 9881
146 Burwood Rd., Hawthorn, Victoria 3122. 81 0574
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More scope in real time computing.
Bigger storage.Quicker access.
Introducing IBM System/370
Models 165 and 155.

With System/370, work you couldn't
afford before is now feasible.

Two powerful new computers
inaugurating System/370. But in a direct
line of evolution from System/360.

The System/360 Users
investment in programs and
trained people is safeguarded.

System/370 brings more scope.

These new computers are fully
compatible with System/360. So System/
370 has all the experience of System/360
behind it. The proven performance. The
reliability. Equally important your trained
people will feel completely at home. With
System/370 your present programs can be
run as they are.

System/370 opens up a whole new sphere
of applications for you.
You can set up some of those projects
you always hoped for and take on more
large scale on-line projects.
For example, it may be a practical and
economic possibility for you to link many
branches to one computer centre. Or to
have dozens of engineers simultaneously
making use of graphic design facilities.
Additional time sharing facilities can
mean that more of your creative brains can
get on-line at the same time.
Your technical personnel could study
and discuss designs with your work shops
miles away. At the same time you could be
checking the latest inventory status in
depots all over the country.

Large data base.
IBM System/370 computers have giant
main memories with improved data
handling capabilities. They can retain up to
800 million bytes of information in one
module—multiple modules available for
growth. And you get your facts even faster.
One reason: the new IBM 3330 disk
storage system which processes at a data
rate of 806 thousand bytes per second.

Performance.
New applications, new functions and
new capacity mean improved performance.

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

Change for the better.
If you need more performance than your
present computer system can give, take a
good long look at System/370. It is a high
powered performer that'is built for this
decade of computing ... a decade with
more promise and challenge for computing
than ever before.
Systems Features Courses for non
System/360 users are now available to
show you how System/370 can help you
meet that challenge.
Call your nearest IBM office
and get all the details.
IBM177.DPS
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bill runs over
2300 a month

e being

i^asi years aa
offered you the
best time-share
buy on the market
Here’s
an even better
deal.

Our new Hr 20U0B 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 1317.

HEWLETT [hp] PACKARD
DIGITAL

COMPUTERS
20017
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Information

Progress

buy GE computers with
another name and you still
have a sound investment

SYDNEY PHONE 29 7553
MELBOURNE PHONE 67 8221

AUSTRALIAN
GENERAL ELECTRIC

GE/1FP/22
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ASSESS THESE FACTS
The FI-2 is the first practically-priced
memory system due to its simple, cost
saving construction. For well below
$ 1000.- you get 1024 words of 8 bits with
a speed of 4 /usee , an access time of
600 nsec , and read/write in splitcycle.
Where larger capacities are required,
additional FI-2 units can be used without
increasing the cost per bit.
The FI-2 is no bigger than a medium
sized book. Core matrix, decoding and
selection circuits, current drivers, sense
amplifiers, inhibit drivers and timing cir
cuits are included on five printed wiring
boards. Arranged side by side and hinged

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

cJUnutodt"
electronics division of

Philips Electrical Pty. Limited

Sydney • Melbourne • Brisbane •
Adelaide • Perth • Canberra • Hobart •

PHILIPS

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

PHILIPS

38.2847
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If she can
punch your adding
machine she can
punch tape.
(and punch up your computer input)
The keyboard of the Olympia
““““““
jit add-punch looks like an
"s““ mm
adding machine. And it's as
laMttn easy to work, but underneath
that simple exterior lies one of
/
the most sophisticated
machines of our time.
To begin with, it’s virtually noiseless. It’s 100%
accurate. Your operator cannot make a code
mistake. So the verification run is eliminat
With this amazing machine, you get higt
speed, low-cost data capture. (Tape is easy
to store and despatch.) And you gel
complete security.
You don’t need a computer to figure out

; SMI,liH
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how much you’ll save with an Olympia
add/punch. It’s probably on the cards you already
have a fair idea.
We can help you turn that idea into profit.
All you need to do now is call us.

O OLYMPIA

INTERNATIONAL

OFFICE MACHINES & SYSTEMS

OLYMPIA (Aust.) Pty. Ltd.
Sydney: 29.8031 Melbourne: 63.3407
Brisbane: 21.2133 Adelaide: 23.6833
Perth: 68.3344
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Now FRIDEN gives you
Low Price, Systems flexibility
in Magnetic Tape Data Recording.
Some data recording machines are
self-contained. Some are tqrminal-oriented.
Some even offer limited systems flexibility. Now
the Friden 4300 System offers any configuration in
the same system.
With these new Friden data tape recording units,
you can have precisely the system you need—the
system that best fits your computer input
requirements.
If your system calls for self-contained,
free-standing recorders, the 4301 Magnetic Data
Recorder is your choice.
If you need multiple keyboards with a central
recorder, we offer the 4302 Magnetic Data
Keyboard, plus the 4303 and 4304 Magnetic Data
Central Poolers.
And if you need a combination of self-contained
units and terminals, all four Friden units can be
merged into a unique system.
Apart from systems flexibility and low cost,
Friden's 4300 System offers these advantages:
Hs The alphanumeric characters and programme
codes entered on the keyboard are clearly
displayed. No code deciphering. No need to learn
complicated machine language.
♦ There are two stored programmes, completely
independent.
Record length can be set for the standard 80
character length or an optional 200 character
length. It can also be variable from 20 to 200
characters.
Jfc All operations are logically controlled to guide
the operator through the proper sequence. She . x
just dials the desired mode of operation and
starts.
sfc You use standard half-inch computer tape. Data
is recorded in either*,? or 9-track computercompatible forgiat.
.
.The 4300 System has an optional data
.transmission capability.
Interested? Call Friden in your capital city or mail
the coupon below for further information.

SINGER
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Cluster Sorting with Mixed Character Types
II. Fusion Strategies
By E. J. Burr*

Two new geometrical fusion strategies—increment in Sum of Squares, and variance—are introduced
and some of their properties derived. Six geometrical strategies and the information statistic are tested
on a completely symmetric set of elements, corresponding geometrically to a regular simplex. All except
the centroid strategy and information statistic give the “correct” result. In one case the information
statistic, although asymptotically correct for large clusters, yields chained reversals.

1. Introduction and Summary
In Paper I (1968) we discussed the geometrical
representation of a set of elements (objects to be classified)
by points in euclidean space, when the characters are
either all nominal or all metrical or any mixture of these
two types. Squared euclidean distance (SED) was
proposed as a convenient measure of dissimilarity
between pairs of elements, and reasons were given for
favouring standardization of character values by variance
or by mean squared distance between pairs (MSDBP).
In this paper we discuss seven strategies, i.e., rules for
obtaining measures of dissimilarity between pairs of
clusters. Six of these are geometrical, in the sense that
they can be simply described in geometrical language,
and the seventh is the information statistic (Williams,
Lambert and Lance, 1966). Two of the geometrical
strategies (Sum of Squares and variance) are new, and
their properties are discussed in detail.
All the strategies are tested on a regular simplex, that
is, a set of elements symmetrically related so that all
inter-element SEDs are equal. The centroid strategy
produces chained reversals, but the other five geo
metrical strategies all yield the “correct” result. For the
information statistic the result is not unique, but is
“incorrect” in the three cases examined, and in one case
reversals occur—a weakness in this measure hitherto
undetected except with ordinal data.
In the last section, degrees of freedom are briefly
discussed, and an error in Paper I in this regard is
remedied.
4.
t
As a guide for persons designing corifputer programs,
brief reference is made to the options offered in a pro
gram TAXAN2 now in use at this university. In a third
paper in this series we hope to discuss programming'
considerations in more detail, including the algorithm
that enables TAXAN2 to run the fusion cycle about six
times as fast as its predecessor TAXAN—for example,
with 80 elements, 3 seconds for each fusion (after the
initial SEDs have been stored) on IBM 1620 Model 2.
2| Terminology and notation
|An element is an object described by a set of c character
values; it may be represented by a point in euclidean
space as described in Paper I. There are t elements to be
classified, and any subset of these is a cluster. The size of
a' cluster is the number of elements in it.

Unless otherwise stated, the measure of separation
between two elements or points will always be the squared
euclidean distance (SED), with or without standardiza
tion. The mean SED between all (t2 — t)/2 pairs of
elements is called MSDBP. A rule for using these SEDs
to obtain a measure of separation between two clusters
will be called a strategy. A measure so obtained will be
called an inter-cluster distance, even though it has the
dimensions of SED.
The Sum of Squares S within a cluster of size n is the
sum of the n SEDs between the n points of the cluster
and their centroid. The variance V of this cluster is
S/(n — 1) if n > 1, otherwise Fis undefined. The square
root of F will be called the effective radius of the cluster,
and the square root of S/n will be called the root-meansquare radius or RMS radius. The diameter of a cluster is
max | xt ~ Xj | where xt runs through the position vectors
of all points of the cluster, and so does x}.
The repetitive sequence of operations that carries out
an agglomerative procedure will be called the fusion
cycle. The resulting hierarchical classification, or the
diagram displaying this . classification, is called a
phehogram. The distance between twolclusfers just befpre
their fusion (see section 3, step 3) will be called thq fusion
distance. A phenogram will be called monotone if its
sequence of fusion distances is non-decreasing; otherwise
a fusion distance that is less than one or some of its
precedents is called a reversal. A strategy will be called
monotone if iUnever produces reversals.
The components of a vector or matrix will be called
terms, instead of elements, to avoid ambiguity.
The letters iff, k are labels used to identify elements or
clusters. But during the updating process that follows the
fusion of clusters i and j, the new composite cluster will
be temporarily labelled with the capital letter J.
If all characters are metrical and if all ct character
values can reasonably be regarded as having been drawn
independently from a fixed unimodal distribution (for
example, the standard normal distribution) then we shall
say that the data matrix is unstructured. This concept can
be extended in an obvious way to embrace mixed
character types, and can be generalized in other ways, but
we shall not attempt a rigorous general definition.
Broadly speaking, we intend the term to cover those

*Vniversity of New England, Armidale, N.S.W. Manuscript received February, 1970.
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cases where the t elements defy classification (in an
extreme case, the regular simplex situation as in section
6), or where no one classification is likely to be widely
acceptable. When c is much larger than t the concept of
unstructured data is easily understood and the condition
is easily recognized. At the opposite extreme, if c = 1
and the character is nominal with only two states, the
concept is meaningless.
The following symbols have the meanings shown.
Hi = size of cluster i.
Si = Sum of Squares within cluster i.
T = total Sum of Squares within all clusters.
Vi = Si/itti — 1) = variance of cluster i.
nj — rit + rij
Da = general symbol for distance between clusters
i, j. When a specified strategy is in use this
symbol may be specialized to Nih Fih Cih A u,
Su or Vu (see section 3).
3. The fusion cycle and strategies
The main steps in a fusion cycle are well known, but are
summarized here for convenience of reference.
Step 1: Regarding each element as a cluster of size one,
compute an initial matrix D of inter-cluster
distances.
Step 2: Scan D to locate its smallest term. Call this term
Du.
Step 3: Fuse the two clusters i, j determined by Step 2.
Print information concerning this fusion. If
only one cluster remains, stop.
Step 4: Update D by computing new distances DJk
between the new cluster / and every other cluster
k. Go to Step 2.
In Step 1 we recommend that the initial distances be
the inter-element SEDs, except that for strategies SS and
VA (to be described below) these SEDs should be halved
to convert them to inter-cluster distances.
♦
For nominal characters, TAXAN2 offers two options—
unstandardized, or standardized by MSDBP (the latter
being the default option). In a later version we hope to
add a third option for standardization by reciprocal
proportions, and also to provide optional weighting of
multistate characters by their degrees of freedom (see
section 8). For metrical characters there are five options—
Manhattan unstandardized, Manhattan standardized by
range, SED unstandardized, SED standardized by
squared range, and SED standardized by MSDBP (the
last being the default option). If one of the Manhattan
measures is selected, the program uses this measure to
initialize the matrix D, but thereafter treats the terms of
D exactly the same as if they had been based on SEDs.
We have not examined the question whether the concepts
of centroid, Sum of Squares or variance have any con
sistent meanings in this situation. In the descriptions that
follow, it is always assumed that one of the SED measures
has been selected.
In Step 4, TAXAN2 provides a choice of six strategies.
These are listed below, along with suggested two-letter
abbreviations and the formulae for use in Step 4.
(NN) Nearest Neighbour (or single linkage)
DJk = min (Dik, Djk)

(FN) Furthest Neighbour (or complete linkage)
DJk = max (Dik, Djk)
(3.2)
(CE) Centroid
Djk = (tiiDij; + rijDjj, — Sij)/nj
(3-3)
where Sw = tiirijDij/nj
(AY) Average (or group-average)
Djic = (riiDik + JijD^/nj
(3.4)
(SS) Increment in Sum of Squares (the default
option)
Djk = [(ni + ft/c) Dik + (ni + nl;) Djk —
nkDijj/inj + nk) (3.5)
(VA) Variance
Djk = {PikDik + PjkDjk + PijDi} —
riiSi — tijSj — n,eSk)/pJk
(3.6)
where pik = {nt + «*.) (tii + nk — 1), and
similarly for pjk, pu and pJk.
The first four of these strategies are well known. The
last two will be discussed, and proofs of (3.5) and (3.6)
will be outlined, in sections 4 and 5.
In formulae (3.1) to (3.6) we have used the same
symbol D for all six distance measures, because that is
how they appear in a single computer program offering
the six options. When it is necessary to have distinct
symbols, we shall replace the symbol D by N, F, C, A, S
or V, i.e., the first letter of the two-letter abbreviation.
For example, in place of D we may write C in (3.3), S
in (3.5), and so on. Hence,
Ci} — SED between centroids of clusters i, j;
Aij = arithmetic mean of the npij SEDs between the
points of i and the points of j;
Si} = increment in Sum of Squares within clusters if
the clusters i, j, are fused;
Vti — V] = variance within the composite cluster
formed by fusing clusters i, j.
From the definitions we have
Su = Sj ~ Si - S^
(3.7)
The last four distance measures are related by the
following identities.
An = Qj + Sj/rii + Sj/iij
(3-8)
Su = (initij/nj) Q
(3.9)
Vi, = (S„ + Si + s,)/(nj - 1)
(3.10)
To prove (3.8), let x( be (the position vector of) an
arbitrary element of cluster /, and let cL be the centroid of
this cluster. Let 27x denote summation over all elements of
cluster i, and 23, over all elements of cluster j. Expand the
right member of the identity
EXSZ (xt - x,)2 = ZiiTj |.(.V; — cj) - (x, - Cl) +
(Ci -Cj)f,

using 27x (xj — c-) = 0 = 22, (x, — c}), and divide both
sides by tiin,.
To prove (3.9), let c be the centroid of the composite
cluster, so that
~
Sj^ExiXi -cf + 27, (x} -c)2
= E1

[(>t

—

Ci) + (Cj —

c)]2 + 23, [(x, — £.,) +
(c, -T £)]2

Expand the right member, setting c = (n^ + rtjC^/nj,
(3.1)
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To prove (3.10), observe that V{j = Vj = Sj/(nj — 1),
and use (3.7).
Air interesting consequence of (3.8) is the following
3-dimensional geometrical construction for A^. Denote
the centroids of clusters i, j by G1} G.,. Draw radii C, R,,
G2R2 at right angles to each other and to Gfi.,, with
lengths equal to the RMS radii of clusters i,j respectively.
Then A tj is equal to the SED between the points Rx and

A2.

It is well known that NN, FN and AV are monotone,
and it will be shown in sections 4 and 5 that SS and VA
also share this desirable property. It can be seen from
(3.8) and (3.9) that both A{j and Stj may be regarded as
centroid distances Ci} modified or adjusted to avoid
reversals. In Atj the adjustment is additive and depends
on the RMS radii, but is otherwise independent of the
cluster sizes nt, n3. In
the adjustment is multiplicative
and depends on the cluster sizes
«3-, but is otherwise
independent of any measure of dispersion within clusters
i,j. In each case the adjustment is the smallest possible of
its kind consistent with avoidance of reversals, as will
appear in section 6.
4. Sum of squares strategy
In this strategy, one chooses (in Step 2) those two
clusters whose fusion will cause the smallest possible
increment in Sum of Squares within clusters, and hence
the smallest possible new total Sum of Squares T within
clusters.
This strategy was developed by the writer in 1967 as a
solution to the problem: “How can the information
statistic be modified for use with metrical or mixed
character types?” The asymptotic relationship between
these two measures, under certain conditions, was
demonstrated in Paper I, and will be confirmed in section
7 of this paper.
Following the analogy with the information statistic, it
is possible to define either the increment in Sum of
Squares, or the new total Sum of Squares, as the distance
between two clusters. But the second alternative seems
highly unrealistic; in particular, it gives absurd and
arbitrary results when applied to a regular simplex. We
recommend that the incremental measure be always used, ^
The following result is also analogous to a property-df'
the information statistic. Let SSWC denote the totaLStun
of Squares within clusters. Let GTSS denote the grand
total Sum,of Squares obtained by summing the SEDs of
all t elements from their centroid, ^d let SSBC denote
the Sum of Squares between clusters, defined as En^
where is the size of the ith cluster and dt is the SED of
the centroid of this cluster from the centroid of all t
elements. Then we have the identity
r
GTSS = SSWC + SSBC.
During the fusion cycle, GTSS remains fixed, while
SSWC increases in t — 1 steps from zero to GTSS, and
SSBC likewise decreases from GTSS to zero. Hence we
have the interesting result that minimizing SSWC at
each stage in the fusion cycle is the same as maximising
SSBC.
To prove (3.5), first write (3.3) with C replacing D,
then use (3.9) to eliminate Cjk, Cik and Cik.
To prove that this strategy is monotone, it is sufficient
to show that DJk > Du whenever both Dlk > DiS and
Djk ■ 1),. This result easily follows from (3.5) on
setting
100

Dik — Djj + a, Djk — Djj + b,
and noting that a, b are nonnegative.
The main argument that may be raised against the
Sum of Squares strategy concerns its space distortion, in
the sense that when nt and nt are both large, Stj will be
much larger than CiS. The result is that, at least when c is
much smaller than t, the phenogram will tend to show
intense clustering even if the data matrix is unstructured.
On the other hand, in section 6 we shall see that, at least
when c > t, there are situations where this property is
not a distortion, but is precisely the adjustment required
to avoid distortion.
Further aspects of this “space distortion” have been
investigated by Williams, Clifford and Lance (1970), who
conclude that the Sum of Squares strategy seems likely to
displace the information statistic except in certain special
cases. The results of sections 6 and 7 below seem to
support this view.
5. Variance strategy
In this strategy, one chooses (in Step 2) those two
clusters whose fusion will produce a new cluster having
the - smallest possible variance, or equivalently, the
smallest possible effective radius.
This strategy was suggested to the writer by H. T.
Clifford (in January 1970) as one that might avoid the
formation of diffuse nonconformist groups. In this
respect it should behave rather like the Furthest Neigh
bour strategy, since F{j is the squared diameter of cluster
J. But we expect Fw to be more satisfactory than Fa for
the same reasons that, in a one-dimensional random
sample, the sample variance is usually better than the
sample range for estimating dispersion.
To prove (3.6), first write (3.5) with S replacing D,
then substitute from (3.7)
S{j = («*■ + rij — 1) VH — St — Sh
with corresponding expressions for Sik, Sjk, Sjk. The
equation now contains Sj\ replace this by (nj — 1) Fw.
Finally, solve for VJk.
We shall now prove by induction that the Variance
strategy is monotone. The induction hypothesis is that no
reversal has yet occurred'up to ftncfeincluding tlje /nth
fusion. This is trivially tr-fie when in
1. Now consider
the right member of (3.6) when if*is used immediately
after the /nth fusion. As in section 4, we may write
= D^ + a, Dji, =
+ b,
where a, A are nonnegative. Again, if nt = 1 then St = 0,
and if nf > 1 then F) < D{j since
was the fusion
distance at some previous fusion. Hence in both cases
S; = (n{ — 1) Djj — d,
and similarly
Sj = («,- — 1) Du — e,
Sb = («* - 1) Dtj -/,
where d, e, f are nonnegative. On substituting these five
expressions in (3.6) we find (after some tedious algebra)
that DJk equals Du plus a nonnegative number. There
fore the hypothesis at stage m implies the hypothesis at
stage m + 1. This completes the proof.
When using the Variance strategy, because of the
presence of Si} Sj, Sk in (3.6) it is necessary to store a
vector of cluster Sums of Squares Sk,..., St. This must be
initialized to zero in Step 1, and updated in Step 4 using
Sj = (nj - 1) Vjj.
An advantage shared by the four strategies CE, AV,
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SS and VA is that it is easy to keep track of the cluster
Sums of Squares in this way, by using one or more of the
relations (3.7) to (3.10). One can then print the cluster
variance (or the effective radius), and also the centroid
SED (or its square root) along with the other information
printed in Step 3. We recommend that this should always
be done, for three reasons.
First, the cluster variances (and perhaps also the
centroid SEDs) can be of great value to the user in inter
preting the phenogram.
Second, if one wishes to study the relative “positions”
of three clusters by drawing a triangle, it is customary to
use the square roots of the Di3- as the lengths of the sides
of the triangle. The results of section 6 seem to favour this
method. But the method sometimes fails; for example,
when using the SS strategy, if three clusters of sizes 50,
50 and 1 have their centroids at the vertices of an equi
lateral triangle of side 1, the square roots of the three Si}
are approximately 5, 1, 1, and so no triangle can be
drawn. Hence it may be desirable sometimes to use the
square roots of the Ci}.
Finally, if we use SED standardized by MSDBP, and
if there are no missing observations, then the variance of
the final cluster (of size t) ought to be 0.5 exactly. Any
small deviation from this value gives an indication of the
extent of rounding or truncation errors; any large devia
tion gives warning of a mistake in program logic.
6. The regular simplex test
In this section we test the six geometrical strategies in
the extreme case of unclassifiable elements, namely, the
case when the SED between any two elements i, j is the
same for all i and all j y- i. The t points then lie at the
vertices of a (t — l)-dimensional regular simplex
(possibly imbedded in a space of higher dimensions).
There are three reasons why this case may be worth
examining. The first is that it is a limiting case of unstruc
tured data, in the limit as c tends to infinity with t fixed.
The second is that in this case the “correct” phenogram is
uniquely determined by the very reasonable requiremeftt
that this phenogram should have the same degree of
symmetry as the regular simplex. This implies that all
fusions must occur at the same distance. If a given
strategy produces this result exactly, we shall say that it
“passes the regular simplex test”. The third reason is that
it is clearly desirable that a “good” strategy should be
able to detect small deviations from symmetry, and it is
unlikely to have this ability if it does not give the correct
result in the completely symmetric case.
Let each edge of the regular simplex be of length a. (If
standardization is by MSDBP then a = 1.) Consider any
two clusters i, j of sizes nt, n,. It is clear that the inter
cluster distance Di3 will be a function of nt, n3 only. The
test will be passed if this function is constant.
It is obvious from their definitions that NN, FN and
AV all pass the test with Dtj = a2. In particular,
A,, = a2.
(6.1)
Now consider the double sum Q = ZZ (xk — xm)2,
where xk runs through (the position vectors of) all
elements of cluster

i,

and so does xm. Let c denote the

centroid of cluster i. Evaluating 0 in two ways, we obtain
Q = ZZa2 = «,(«, - 1) a2;
k^=m
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Q = ZZ(xk~c)2+ ZZ (xm - c)2
k m

~

~

k m

~

^

= 2riiSi.
Equating these two results, we have
(6.2)
Si = \ («i - 1) a2.
Similarly,
(6.3)
Sj = -i- (tij - 1) a\
Sj = \ \iij - 1) a2.
(6-4)
From (6.4) it follows that
Vu =Vj = i a2,
so that the variance strategy passes the test. Next, by
substituting from (6.1), (6.2) and (6.3) in (3.8) we find

Hence the centroid strategy yields chained reversals, and
so fails the test. Finally, from (3.9) and (6.5),

S» = \a2

(6.6)

so that the Sum of Squares strategy passes the test.
Since the result for centroid was no surprise, and the
test apparently tells us nothing about the relative merits of
the other five strategies, it might seem at first that the
test has been a waste of time. However, there are some
useful bonuses. Any possible doubt that n — 1 (and not
n) is the appropriate form of divisor to use in calculating
Vt and Vi,-, has been removed. We have learned that the
addition of a new element to a cluster does not necess
arily increase the cluster variance (or the effective radius),
even under the conditions imposed by the fusion cycle.
We now know that there is at least one situation in which
the property of space distortion or size dependence,
commonly associated with Stj, Ftj and Ai3, is totally
absent. Finally, it is instructive to compare (6.6) with the
behaviour of the information statistic in some analogous
situations.
7. Tests of the information statistic
There are many different kinds of data matrix that
geometrically correspond to a regular simplex, and the
information statistic does not treat them all alike. Hence
there is no single answer to the question “How does the
information statistic behave in the regular simplex
situation ?” We shall consider three cases, chosen for
simplicity rather than realism. In each case, the symmetry
of the relationships between elements, as judged by the
character values (and quite apart from any geometrical
representation), demands that the “correct” phenogram
should be one in which all fusions occur at the same dist
ance, where “distance” here means “information gain”.
The information within a cluster of size n will be
denoted by /(«), and the information gain associated with
the fusion of two clusters of sizes m, n will be denoted by
I(m, n) = I(m + n) — 7(m) — /(«).
Case 1. There is only one character, having t states
labelled 1
Element i is in state i (i =
Here /(«) = n log n, from which it is easily verified that
I(n, n) < /(«, 2n) < I(2n, 2n).
Hence if t is a power of 2, all the elements will first join
in pairs, at distance 2 log 2, to form t/2 clusters of size 2.
These then join in pairs, at distance 4 log 2, to form t/A
clusters of size 4, and so on. In general, all fusion distances
will be of the form
/(/?, ri) = 2n log 2
m
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for n — 1, 2, 4, 8,..so that the phenogram will give a
false impression of intense clustering. If t is not a power of
2 the result cannot be described so simply, but the impres
sion of intense clustering will remain. This is an extreme
case of size-dependence.
Case 2. There are t characters, each with only two
states labelled 1, 2. For character i, element i is in state 1
and all the other elements are in state 2 (i = 1,... ,t).
From one point of view this is just another way of
describing Case 1. But in the present case we have
I(n) = n% log n — n(n — 1) log (n — 1)
= n log n + n — — l/(6«) — l/(12n2) — ...,
I(n, n) = 2n log 2 + i + l/(4n) + 7/(48«2) + ... .
The phenogram will have the same appearance as in Case
1 except that the clustering will be a little less intense in
the early stages.
It seems likely that severe distortion, of the kind seen in
Cases 1 and 2, will occur with real data whenever a large
number of the characters have rarely-occupied states. In
section 8 we shall attempt to relate this phenomenon to
changes in effective degrees of freedom within clusters.
Case 3. There are 24 characters, all two-state (except
that two of the characters are degenerate, with one state
never occupied). The columns of the data matrix com
prise all 2* distinct arrangements of ones and twos, as
typified by the following example with t = 4:
El: 1212121212121212
E2: 1122112211221122
E3: 1111222211112222
E4: 1111111122222222
We see that in any subset (or cluster) of n elements there
are 2*~n© characters that have k elements in state 1 and
n — k in state 2. Therefore
I(n)/c = 2~n 2 © [n log n — k log k — {n — k)
log (n — /c)]
(7.1)
~ n log 2 - i - 1/(4n) - l/(3«2) - ... / (7.2)
To derive (7.2), put k = \n (1 + u) and expand in
powers of u to obtain
n log n — k log k — (n — k) log (n — k)
= n log2 - n[n2/l-2 + n4/3-4 + «6/5.6 + ....1(7.3)
Next use a series of relations of the form
2k (k — 1) (k — 2) © = 2T~3n(n - 1) (n - 2)
to obtain the values of %~n2ki(l£) for i = 1, 2,.. .,6 and
so to derive
2"» 2u* © = 1 /«,
2-n 2u4 © = 3/n2 - 2/n3,
2~n 2u6 © = 15/n3 - 30/n4 + 16/n5.
Using these with (7.1) and (7.3) we obtain (7.2). The
error incurred in truncating the series (7.2) as shown is
about one part in 300 at n = 6.
In this case (unlike Cases 1 and 2) we expect the infor
mation statistic to be asymptotically equivalent to the
Sum of Squares measure in the sense of Paper I, section 7,
since every large cluster has Jc/n tv -1- for the great
majority of the characters. Therefore it is no surprise to
find that
I(m, n)/c ~ -J- + 1/(4ni) + l/(4«) — 1/(4m + An) +• ■ •
(7.4)
tends to the limit \ as m, n tend to infinity, in agreement
with (6.6) when a — 1. The surprise is in the signs of the
m

other terms, showing that if the fusion cycle permits
fusions of large clusters, reversals are inevitable.
More accurate calculations based on (7.1) show that
if t is even, the elements will first join in pairs at distance
0.693, to form t/2 clusters of size 2. Two of these then
fuse at distance 0.778 to form a cluster of size 4, but from
this point on there are chained reversals with two clusters
of sizes
4 and 2 fusing at distance 0.739,
6 and 2 fusing at distance 0.714,
8 and 2 fusing at distance 0.704,
and so on. These results have been confirmed by Dr.
W. T. Williams in a test using the program CENTCLAS
with t = 6.
The kindest remark that can be made about this
phenogram is that the fusion distances (which ought to be
constant) range only from 0.693 to 0.778, and that most
of this distortion occurs in the early stages of clustering.
On the other hand, the distortion is large enough to mask
small deviations from symmetry that could be detected by
any one of the geometrical strategies except centroid.
Williams, Clifford and Lance (1970) recommend the
use of the information statistic rather than Sum of
Squares in certain special cases, e.g. when the characters
are “largely binary”. Our results in Cases 2 and 3 show
that even when the characters are all binary, the Sum of
Squares strategy is sometimes to be preferred. There seems
to be a need for further research into the relative merits of
these two methods.
8. Degrees of freedom
The number of degrees of freedom associated with any
one character may be defined as the smallest number of
spatial dimensions necessary for the geometrical represen
tation of its character values.
Let vm denote the degrees of freedom of the /nth
character. If this character is metrical then vm — 1. If
the character is nominal and has sm occupied states, then
V = sm — 1, since the sm coordinates allocated to this
character (as in Paper I) arc subjdcttto one linear con. straint, namely that the sum (or a weighted sum) of the
coordinate values is constant.
*
There is an error in Paper I section 7 in the statement
“.. .the effective weight of this character.. .is found to
be t/(t — l)f. This is only true when vm = 1. In general,
the effective weight is found to be vmt/(t — 1), so that if
we use the formula
f
h\s = K/Ps
(8.1)
with K = (t — l)/(2ct) as suggested in Paper I, each
nominal character will receive effective weight v,„/c. To
achieve MSDBP = 1 for the SED based all characters,
one should therefore set
K = (t - l)/(2t2vm)
(8.2)
in (8.1) so that each nominal character will receive
effective weight vm/2vm, and this corresponds to the
closest possible simulation of the ififormation measure for
large clusters.
However, we have found that users react with
astonishment and dismay to the suggestion that they
might be obliged to give a ten-state character (for
example) nine times the effective weight of a two-state
character, and we therefore propose, as an alternative to
(8.2),
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Km = (t — l)/(2 ctvm)
(8.3)
which gives every character the same effective weight
I /c. When the option of standardization by reciprocal
proportions is offered in a computer program, we suggest
that (8.2) and (8.3) be offered as sub-options.
The distortion observed in Cases 1 and 2 of section 7
can now be related to degrees of freedom. For in the
calculation of I(n) for any given cluster of size n, the
other t — it elements are not considered at all, so that
within this cluster the character in Case 1 has only n
occupied states and therefore in effect only n — 1
degrees of freedom; while in Case 2, t — n of the
characters each have only one occupied state and there
fore zero degrees of freedom. Hence we have effectively
Svm = n — 1 in Case 1 and Evm == n in Case 2, that is,
the total degrees of freedom is nearly proportional to
cluster size.
On the other hand, in Case 3 the effective value of

Evm is c/2 when n = 2, 3c/4 when n == 3, 7c/8 when
n = 4, and so on, and is finally c — 2 when n = t, so
that changes in Evm are important only for small clusters.
We have not pursued this argument rigorously, but we
conjecture that distortion of the kind seen in Cases 1 and
2 will be serious whenever fusions bring about large
increases in the within-cluster value of Evm, and this will
often be so when many of the characters possess rarelyoccupied states.
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Book Reviews
John M. Blatt, Basic FORTRAN IV Programming. Computer
Systems (Australia) Pty. Ltd., 1969, pp. 179. $4.50.
Wilson, T. Price, Elements of Basic FORTRAN IV Program
ming. Holt, Rinehart and Winston, 1969, pp. 387. $6.50.
There appears to be no abatement of the steady stream of
introductory books on FORTRAN programming.
One
wonders why. The production of further titles may merely
reflect the wish of publishers to cash-in on a burgeoning
market or may be the result of dissatisfaction with existing
approaches to the teaching of programming.
The choice of FORTRAN certainly reminds us of the com
puter community’s failure to make universally available an
acceptable successor to this earliest procedure-oriented
language. However, since FORTRAN remains a lingua franca,
either of these books could prove valuable to teachers. Each
takes advantage of the wide implementation of U.S.A. Stand
ard Basic FORTRAN and is confined to a language which
should be available to every teacher.
For instruction in the practical business of running pro
grams the differences between machines and operating systems
make a “complete” text difficult to prepare. These volumes
deal with this problem in different ways.
The book by Price is designed for users of the IBM 1130
and 1800: the full title includes the qualification, “as
implemented on the IBM 1130/1800 computers”. Thus, the
author has been free to include descriptions of control cards,
operating procedures and machine instruction formats wher
ever be thought appropriate.
Professor Blatt claims that after using his book a student
can program any computer. This claim could well be true,
for the main body of the text adheres closely to Standard
Basic FORTRAN. Material specific to a particular installa
tion (card preparation, deck structure, diagnostic messages and
FORTRAN differences) is included but is confined to four
brief chapters at the end of the book. This last part of the
book is regarded as “variable” and versions of the book have
been prepared tailored to different computers. Currently,
IBM 1130 (Disk) and IBM 360 (E-level, DOS) versions are
available, but others are promised. Thoughtful work by the
author has enabled him to discuss even such topics as debug
ging and the interpretation of diagnostic messages in a general
and yet useful manner. Details of diagnostic messages are, of
course, relegated to the “variable” part of the book. The
author and his publisher are to be commended .for this novel
approach which enables the book to be a “complete” source
for classes using any machine for which a version is available.
Both books are designed for use by introductory classes
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having only elementary mathematical training. Each aims to
enable early access to the computer by teaching a subset of
FORTRAN which is expanded in later chapters. However,
because Price has written for the student of average ability,
the student working at the brisker pace of Blatt will get to the
machine first.
Unfortunately the slow and deliberate exposition of Price
is not always matched by the clarity of explanation. The
description of two-dimensional arrays, for example, although
very full, is not helped by sentences such as, “In using such
loops the programmer must take care to ensure that sub
scripts are properly assigned, because this can be very
confusing”.
Blatt writes in a conversational style and expresses opinions
forthrightly. Teachers would be aware that many practitioners
would not agree that “the vain and useless search for ever
more generality is at the root of the present complete chaos
in systems programming and job control languages” nor with
some of the other opinions. But students should appreciate
the vigorous writing and the great many useful hints.
While the FORTRAN coverage of either book is sufficient
for an introductory course, the student who completes a good
proportion of the programming exercises provided by Blatt
would achieve a better understanding of programming.
J. S. DRABBLE.

ANCCAc Prize
;
;

Council, at its meeting held on 25th May, 1970,
approved the recommendation of the ANCCAC
Prize Committee that the award for 1969 should
be made to Messrs. G. Karoly and J. W.
Marquet. The prize winning paper was entitled
“A mathematical basis for a terminal network
cost minimisation strategy” and was published in
Volume 1, No. 5, November, 1969, pages
! 251-257.
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A Technique for Automatic
Contouring Field Survey Data
By G. D. Lodwick and J. Whittle *

This paper describes a technique which has been developed to contour field survey data
using a digital computer. With irregularly spaced data the method has the advantage that
the original observations are contoured rather than the calculated values of a regular
grid. Each contour is created in discrete steps with each successive step being positioned
by use of calculated values at two points on either side of the projection of the previous
step. For each point the value is obtained by fitting a surface to the nearest observations
and using the value of the surface at that point. Theoretically, the surfaces considered
may be of any degree, though in practice use of weighted planes has been found to combine
necessary accuracy with speed. By suitable selection of the number of observations used
in the evaluation at a point, contours can be made to agree closely with those drawn by
established hand techniques. Use of an overlaying mesh facilitates the commencement and
termination of contours. The programs are written in Fortran and are in use on a
CDC3200 computer, utilizing a CALCOMP 30-inch off-line plotter. Experience has shown
that the production of maps by this technique is efficient and economic in relation to
other methods, the principle advantage being in the speed with which quite complex
maps can be prepared.

1. INTRODUCTION
/ In general terms, the desirability of machine con
touring field survey data is well known. Hand drafting,
though still widely used, is generally expensive and
time-consuming, and often inconsistent. It is not sur
prising therefore that the problem of automatic con
touring is one which has been considered from a
number of disciplines. Maine (1966), and Maine,
Hinksman and Seaman (1967), for example, have con
sidered the application of such techniques to producing
meteorological maps, while Palmer (1969) has recently
developed a multi-purpose program for general use
with a CDC3600 computer.
For contouring very
irregularly spaced observations a highly mathematical
method has been produced by Pelto, Elkins and Boyd
(1968), while a portmanteau package has been pre
pared by Calcomp (1968).
In the main, however, .previous methods for con
touring irregularly spaced data have adopted either of
two approaches. In one method the values of a regu
lar grkP'are first calculated using filtering or other
mathematical techniques to permit contouring with
established programs. A difficulty here, however, is
that unless the regular grid is quite fine, usually
requiring a program which is cumbersome and timeconsuming, the resultant contours will often not pass
through original points of equivalent value even though
the data is considered exact. In the second method,
requiring highly mathematical techniques which are
generally uneconomic in terms of central processor
time, the known observations are fitted to a surface
of high degree which is smoothed prior to contouring.
At Monash University a specific problem of con
touring field survey data has arisen through the associa
tion of the Computer Centre with the Commonwealth

Bureau of Mineral Resources and geophysical explora
tion companies working in Australia. Since 1963,
computer systems have been in use for the reduction
of magnetic and gravity surveys, including barometric
and co-ordinate data (Bellamy and Lodwick, 1968).
Previously the final output has consisted of a plotted
base map at a selected scale, which was contoured by
hand. It was thus a logical extension to develop a
contouring program oriented to the Monash Computer
System (a CDC3200 with an off-line 30-inch Calcomp
plotter) to contour three-dimensional data, such as that
provided above (Legg and Brent, 1969). In so doing,
the following factors were considered of importance:
1. The program shohld handle jboth regularly and
irregularly spaced data similarly.
'
\ 2. For observation data considered exact, contours
• \ should pass through points of equivalent value.
3. There should be no discontinuities in the contours.
4. In regions where point values are rare the con
tours'should behave ‘reasonably’.
5. The final results should be consistent with currently
•f used methods in which maps are hand-drawn by,
experienced draftsmen.
6. Where points, or sets of points have known stand
ard errors, the programs should be able to adjust
for these.
7. The use of computer central processor time should
be minimized to reduce cost.
2. CALCULATION OF POINT VALUES
To plot the contours of a surface for which the
values of certain data points only have been measured,
it is necessary to calculate values at intermediate points,
and this requires certain assumptions. In some cases
there may be extra knowledge of the likely shape of

* Computer Centre, Monash University, Clayton, 3168. Manuscript received March, 1970.
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the surface but discussion here is limited to the situa
tion where the only information is provided by the
observed values. The object is to display by contours
a calculated surface which is the best estimate of the
real surface sampled through the data points. The
calculated surface should match the measured data
values within the range of the likely error of the data
points, while using the lowest spatial frequencies (least
surface fluctuations) consistent with this. Spatial fre
quencies higher than this are unjustifiable artifacts of
the calculation scheme. The minimum spatial wave
length will be directly related to the distance between
adjacent data points, and to the variation of observed
values in relation to the probable errors.
If a method of calculation is used which is inde
pendent of horizontal scale then the variation of spatial
wavelength with data point density can readily be
achieved by calculating the value at a point from a pre
set number (n) of the observations nearest. As the
point of calculation changes so the n observations con
sidered will change and, unless discontinuities are to
occur, the weight accorded to the most distant of
the n points must always be zero.
The simplest
expression which will give such a weighting is
(d„ — dO/dj where d„ and di are the distances to points
n and i respectively. Further, if the k*'1 derivative of
the calculated surface is to be continuous, then the kl"
derivative of the weights given to an observation must
approach zero as the distance of the data point from
the point of calculation approaches that of the n‘“ most
distant point. The simplest formula to achieve this is
((d„ - dd/dO*.
Where observations are regarded as being exact, the
above expression is quite suitable, since the weight of
an observation is infinite when the point being evalu
ated coincides with its position. The calculated surface
will thus coincide with the values given by all data
points so that contours derived from this surface will
always pass on the ‘correct’ side of the observatiofi
points. Moreover, the expression can be modified to
((d„ — dt)/(di + e))* to take into consideration when
contouring admitted probable errors in the observations
or sets of observations. In practice e is adjusted itera
tively by the program to suit particular data.
To calculate the value at a point, a surface of order I
can be fitted by the familiar method of least squares to
the n given observations with their associate weights.
By selecting the origin of the horizontal axes to be the
point of calculation it is only necessary to solve the
required simultaneous equations partially, to obtain the
parameter for zero power.
Whatever the weighting system, if the values of the
observations all lie on a surface of order I or less then
the calculated surface will coincide with it exactly. In
(I + 1) (I + 2)
order to define a surface of order J, P3 -- -------------------

Furthermore, since some points within the set may be
co-linear even more points must be considered to
ensure stability. Experience has shown that with regu
larly spaced data, the problem of a number of points
having zero weight is more likely to occur (consider
the observations at the points of a square). Practical
numbers of points have been found to be 15 using
first order solutions and 20 for second order.
To calculate the height of a central point using the
foregoing method, it becomes questionable whether
the more remote of the twenty points in the latter case
are relevant. We are dealing here with natural data,
and, while with mathematical data the behaviour of a
function at remote points may give strong indications
about its local behaviour, the fact that a knoll exists
about a quarter of a mile away, tells us nothing about
local terrain.
Finally, one must reach a compromise.
The
approximate number of points to be included in the
height calculation must be decided for each type of
data. The order of the surface to be fitted can then be
decided, and n fixed. Where there is an accepted
probable error in the observations e can be adjusted.
3. GENERATION OF CONTOURS
In order to utilize the method of calculation of
point values discussed above, a special method of
tracking contours has been devised which projects the
contour in discrete steps. Consider Fig. 1 in which
the last two projections completed for the contour are
XY and YZ. The position of point C may be deter
mined by extrapolating the last step YZ distance d, to
C. The values of A and B at displacements d2 from C
are then evaluated. The contour level interpolated
between A and B to point P is then joined to Z. In
this way the contour may be extended one step at a
time. Clearly a suitable step length is determined by
the irregularity of the surface to be contoured, e.g.,
in areas of large irregular height variation a much
smaller step length is required to generate smooth con
tours than in level regions. In order therefore to com
bine smoothness of contours with speed optimization,
the concept of variable step length has been introduced
whereby, depending on how far point P is displaced
from C, the next projected step remains the same as
before, is doubled, or halved. In the event of point P
2

2
observations with non-zero weights are required. How
ever, with irregularly spaced data there are many posi
tions on a map through which the contour could pass
where a number of the n observations have zero
weights, e.g., where extreme points lie on the circum
ference of a circle, centred on the point of calculation.
The Australian Computer Journal, Vol. 2, No. 3, August, 1970
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lying outside A-B, the previous projected step ZC is
halved and a further P determined. In the case of
doubling, the maximum step length permitted is that of
the link size between mesh intersections.
In order to begin the tracking procedure, the area
to be contoured is subdivided into a uniform m x n
mesh—Fig. 2. The values of the (m + 1) x (n + 1)
mesh intersections (Mn, M12 .... Mij.... Mm + i, „ + i)
are then evaluated.
The levels of the maximum
and minimum contours traversing each horizontal
(Mtj — Mi +!, j) and vertical (Mjj — Mi, j + 1), link join
ing adjacent mesh intersections are then stored along
with the values of the minimum (1st) and maximum
(nth) contour levels for the whole map. To begin con
touring, these arrays holding the mesh link contour
levels are searched until a minimum value coinciding
with the first contour to be plotted is located. The
intersection I of the link bp the contour is then calcu
lated by; interpolation Between the adjacent mesh inter
sections—Fig. 3.
The position of point C is determined at a displace
ment d3 from I and A and B as before. Thus point P
can be established and IP becomes the first sfep( In
practice, linear interpolation between points A-B (Figs.
1, 3) has proved quite satisfactory for tracking con
tours. A problem arises, however, in the case of locat
ing the start points between mesh intersections, since
the curvature of the contour in this region is unknown.
Furthermore, since the link length is approximately
five times greater than the displacement d2, to obtain a
satisfactory position of the start point a second
approximation ought to be made using evaluated
values of the first. In practice, however, this problem
is most easily overcome by not plotting the first step
on the map, but permitting a degree of overlap when
the tail of the contour rejoins.
m

As the contour is extended across the map surface
the minimum array value of each
link traversed is incremented, ex
cept when it also corresponds to
the maximum value, in which case it
is set to zero. The contour ceases
when it cuts a link whose minimum
value is not the level being con
toured (e.g., the initial link incre
mented) or when a boundary is
crossed.
When no further uncrossed links
remain for that particular contour
level, the next higher is begun and
in this way all levels are completed.
The density of the m x n mesh is
determined by the point density in
the area to be contoured, and the
size of the smallest closed contour
to be shown, e.g., in contouring
maps, containing 150 survey points
of uniform spread, a mesh of 50
x 50 has proved sufficient, though
a closed contour with axes less than
one-fiftieth those of the map, not
cutting a link, would not be located. Fig. 3 — ComA mesh size of 90 x 90 is used mencement of
tracking
successfully on maps of similar size
containing 1000 points.
The value of the step length di and the displacements d2 and d3 have been determined by experience.
In practice, the maximum permissible step-length is
set at just below the minimum link size so that, apart
from cutting corners, no more than one link will be
traversed with one step. Displacements of one-fifth
and one-twentieth respectively of the maximum steplength have proved suitable.

-£■
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Fig. 4 — Subdivision of map area for location of observations
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4. OPTIMIZING MACHINE TIME
Experience has shown that an operation which is
expensive in terms of machine time is ordering the
points in distance from the position of the evaluation
being carried out. In a map area comprising 1000
survey observations, ordering for the many thousands
of evaluations becomes an exhaustive task. For the
techniques employed, generally only the nearest fifteen
points are required. Therefore to limit the sorting
involved, the map to be contoured is subdivided into a
p x q array of boxes with the variables being selected to
give a mean density of one observation per box.
Furthermore, the observations to a depth of two boxes
around the perimeter of the map are included to avoid
discontinuities at map boundaries. For each evalua
tion the contents of 5 x 5 of the boxes surrounding
the point are considered together and in this way rapid
changes in the composition of the points as the con
tour moves across the surface of the map are avoided.
In Fig. 4, ABC defines one corner of the map to be
contoured. Suppose the map to be contoured con
tains 374 points and has axes of 22 x 17 inches. Then
by subdividing the area into 22 x 17 boxes, extended
to 26 x 21 to include an adequate number of sur
rounding points, the 15 nearest points for an evalua
tion in box X, can be selected from the 25 observa
tions (approximately) in PQRS. When the contour is
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extended a number of steps so that the point of evalua
tion translates to box Y, the 25 boxes considered are
defined by HIJK.
5. COMPUTER PROGRAM
The program is written in Fortran and has been
created inf the form of a number of modular sub
routines so that it can be readily adapted to accept
input in any of the usual modes (punched cards, p„aper
tape or magnetic tape) and any type of co-ordinate
data with associated values to be contoured.
Our usual input to the program has been via mag
netic tape containing survey data as latitudes and
longitudes, with one (or a combination) of height,
gravity or magnetic values reduced by earlier programs
(Bellamy and Lodwick, 1968). When used in this
system subroutines for translating latitudes and longi
tudes into cartesian co-ordinates are plugged in.
In order to maximize the limited core available on
the CDC3200 computer, techniques, such as the
equivalencing of data storage area and the retention
of information in character arrays where possible,
have been incorporated. In this way up to 1100
105

points can be contoured, by the program using an
'm x n mesh density of lip to 811)0 mesh links. A
simplified flow diagram of the computer program is
outlined in Fig. 5.
The parameter data communicated on each occa
sion is as follows:
1. the co-ordinates of the map area to be contoured
2. */the number and values of contours required
3. the values of m and n, the mesh dimensions
4. the values of p and q, the box dimensions
5. the value n, the number of observations for calcu
lating point values
6. the value of e, the weighting adjustment.
6. RESULTS
t
In practice, contours drawn b*y this technique have
proved acceptable for height and gravity as well as
other types of survey data, and can be adjusted to cor
relate well with contours produced by established
hand-drawn methods. The principal advantage lies
with the speed in which numbers of quite complex
maps can be contoured, free from drafting errors.
Moreover, the use of a well-defined mathematical tech
The Australian Computer Journal, Vol. 2, No. 3, August, 1970
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nique uniquely determines each particular map, while
simple variation of parameters can produce different
versions of contours for special applications.
Experience has shown that the central processor
time is dependent on the complexity and irregularity
of the map surface, the number of contours to be
plotted, and the mesh size selected as suitable, and
independent of the scale of the map. In Fig. 7, con
tours were drawn using a total of 230 points and a
mesh size of 56 x 44. This required less than seven
minutes of computer time. A map such as that of
Fig. 6, in which 1000 points are contoured using a
mesh size of 105 x 70, takes about 20 minutes.
CALCOMP plotter time is respectively 10 and 20
minutes.
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Branch Notes
CANBERRA
Since the last Journal was published, the following
addresses have been given.
May: “Feasibility is not enough.” Mr. P. R. Masters,
P.A. Management Consultants Pty. Limited.
April: The meeting was addressed by Dr. Grace Murray
Hopper, Commander, United States Naval Reserve.
Her topic was the development of programming
languages in the United States Navy.
July: “The use of computers in meteorological
research”. Professor C. E. Wallington of the Univer
sity of New South Wales.
NEW SOUTH WALES
Meetings held by the NSW branch since the last
edition of this journal are:
April: Mr. Barry Smith of Compunet Limited, Can
berra, who spoke on computer education and the
computing profession.
May: Professor C. E. Wallington, the ACS lecturer for
1970. “The role of the computer in meteorological
research.” Also a joint meeting with the institute of
radio and electrical engineers discussing the use of
computers in engineering design.
June: Dr. Grace Hopper of Univac and the U.S. Navy
discussed her career with computers since 1946 and
offered some thoughts for the future. At another
meeting this month, Dr. J. B. Hext of the University
of Sydney discussed a basic course in the craft of
programming.
Future Meetings
A program card has been produced for 1970 out
lining meetings to be held by this branch during the
rest of this year. These include:
The Australian Computer Journal, Vol. 2, No. 3, August, 1970

Date
Speaker
Subject
Aug. 4: Dr. R. W. Hamming, One man’s view of
Bell Telephone Laboratories, computer science.
New Jersey, U.S.A.
Forecasting scheduling
Aug. 11: Dr. B. T. Allen,
Manager, Operations
systems: rail tank car
Research, Caltex Oil (Aust.) allocation to country
Pty. Ltd.
depots.
Sept. 8: Dr. M. W. White,
The role and facilities
Director, Australian Systems of a systems develop
Development Institute
ment institute.
Oct. 13: Mr. D. Dyer, Superin Simulation study — a
tendent, Systems Engineering, case history.
Australian Iron & Steel Pty.
Ltd.
Oct. 20: Mr. J. E. Marr,
EDP systems at the
Manager Computing, Sydney Sydney
stock exStock Exchange
change.
Oct. 26-27: Prof. D. C. Evans, A one day seminar
Director, Dept. Computer
and public meeting.
Science, University of Utah*
Nov. 17: Mr. J. E. Dorn, Pro- Fundamentals
ject Development Officer,
of operating systems.
Regional Computer Centre,
N.C.R.
Dec. 8: Panel Discussion
Operating systems.
In addition, the annual feature speaker will be Mr.
Max Dillon, Director and General Manager, Cables
Group Metal Manufacturers Ltd. who will address a
public meeting on 24th September. Also our annual
conference at Terrigal has been retimed to take place
during the long weekend, 6-8th November.
Register of Lecturers
'
Because of increasing requests from professional
societies, the general public and the Department of
(Continued on Page 116)
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The Computation of Solar Position
in Environmental Models
By M.J. Goodspeed*

The repetitive computation of solar position required in some environmental models
suggested the need to re-examine the traditional methods used, from the point of view
of computational efficiency. The method advocated here reverts to the heliocentric view
of Copernicus and Kepler, and employs a vector-arithmetic package to eliminate much
unnecessary evaluation of trigonometric functions.

1. Introduction
Extensive and growing use is being made of mathe
matical models in the study of the natural environment.
Aspects under study in this way include hydrology
(e.g. Crawford and Linsley, 1966; Chapman, 1968;
Lichty, Dawdy and Bergmann, 1968), global meteor
ology (Smagorinsky, 1965) and plant growth (de Wit,
1965; Duncan, Loomis, Williams and Hanau, 1967).
In all of these models an important parameter is solar
radiation.
The first step in modelling solar radiation input is to
determine local apparent solar position. This deter
mination is needed with varying precision for different
applications. For use in hydrologic models it may be
sufficient to compute the pattern of apparent solar
movement for the middle of a month and take this as
applying throughout the month. Intensive studies of
the effect of radiation on plant growth may require re
calculation of solar position at intervals of 15 minutes
or less. In both cases it is then of course necessary to
determine the effect of the atmosphere on the incoming
radiation but this problem is not considered here. >
The purpose of this paper is to present a set of
computer routines for the calculation of local apparent
solar position which have been written with the
dynamic-modelling application in mind.
Once the
geographical location has been specified, repeated call!
involve only the time-dependent terms in the equations
and these calculations have been carefully optimized.
To avoid difficulties arising ’ from irregularities in
month length and from the leap year cycle, the
routines operate on absolute time (in minutes from an
arbitrary datum). Routines for translation to and frorp
local civil calendar time (clock-time, day, month and
year) are provided.
The routines were written in Control Data 3600
FORTRAN using a vector arithmetic package which
will be briefly described. In FORTRAN IV similar
qperations could be invoked (more clumsily and less
efficiently), by calls to subroutines.

sun are defined (Fig. 1) with the x axis along the major
axis of the earth’s orbit and the z axis perpendicular
to the plane of that orbit. At a specified time, calcula
tion of two vectors, the sun-earth radius vector and the
local zenith vector, provides the basis for the evalua
tion of local solar position.
This approach was adopted in preference to the
geocentric approach which is common practice in sur
veying and navigation and which has been frequently
used in other applications (e.g. Spencer 1965; Robert
son and Russelo, 1968). The reasons for this were:
(1) The heliocentric approach eliminates the use of
approximating functions for solar declination and the
“equation of time”, which in the usual form of trun
cated Fourier series, involve the calculation of at least
eight trigonometric functions.
(2) Due account is taken of year-to-year variations
throughout the leap year cycle, and to the (admittedly
small) variations from one cycle to another.
(3) Being based on the true physical situation, the
heliocentric approach facilitates further refinement or
extension of the model. For example, lunar position

I

21 General outline
Computations are performed on a heliocentric basis.
Fixed co-ordinate axes with origin at the centre of the

Earth
Fig. 1 — Orbit of earth about sun, showing co-ordinate axes
used and sun-earth radius vector.

.Division of Land Research, CSIRO, Canberra. Manuscript received May, 1970.
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could also be fairly simply provided for the modelling
of tidal variations.
(4) Given the facility for programmng vector arith
metic in FORTRAN (9 (1) below), the routines can be
written very compactly, can be easily followed and
modified, and will execute efficiently.
3. Treatment of time
In the optimization and validation phases of model
development (e.g. Lichty, Dawdy and Bergmann,
1968) it is necessary to apply experimentallydetermined input data to the model and compare its
output with measured output data. The solar position
routines are intended to link-in with such models and
provision is therefore necessary for the specification of
time in terms of local calendar time as input, and for
the recovery of local calendar time at any stage of
model operation. These facilities are provided by the
functions UT and TU (9 (2) below).
4. Treatment of geographical location
It is envisaged that in most model runs geographical
location will be fixed (although the set of routines is
not restricted to this case only). The user specifies the
geographical co-ordinates, in terms of latitude, longi
tude and the time difference from Greenwich, by use
of the subroutine COORDS (Section 9 (2) below).
5.

Calculation of the sun-earth vector, »•
To entirely sufficient precision for our purposes the
earth may be regarded as rotating around the sun in a
fixed elliptical orbit with a fixed orbital period r0. For
any time t, therefore, its angular position 9 (Figure 1) is a
function of t of the form
9 = 9(2TTt/T0, e)
where e is the eccentricity of the orbit.
As a consequence of Kepler’s Laws of Planetary
Motion (see, for example, Smart, 1960) this relation may
be expressed as
9 = tan-1 [VI — sin E/{cos E — e)]
(1)
where E (the “eccentric anomaly”) is given by
E — <r sin E — l-rrt/Tg = 0
(2)
For computation, the angle 2-n-t/r0 is reduced to its
principal value, in the range 0-2tt. Equation 2 is solved by
the Newton-Raphson method—convergence to within
10~4 radian takes only 2 iterations. The components of
the unit vector r (Fig. 1) are then evaluated as cos 9 and
sin 9, using the relation given in equation 1 but without
calculation of 9 as such. The magnitude associated with r,
as a fraction of its mean value, may be calculated from
the relation
m — K/( 1 + e cos 9)

6.

Calculation of the local zenith vector, «
For our purposes the earth may be regarded as rotating
with constant angular velocity about an axis with fixed
inclination to the orbital plane. Calling the period of
rotation rr, the unit zenith vector u at a given location
consists of two components (Fig. 2).
(1) a constant component uP along the direction of the
polar axis,
(2) a component of fixed magnitude ue perpendicular to
Kj, and rotating with period r ,. (= 2ir/w).
The components of a unit vector along the polar axis
were derived from the fact that this vector is perpendicular
to the radius vector r at equinox and is inclined at a fixed
angle (the obliquity of the ecliptic) to the z axis of our
system of co-ordinates. The time of the Northern Vernal
equinox of 1950 served to determine the phase of ue for
Greenwich directly and for all other locations as a
function of their longitude. The results of these calcula
tions are embodied as constants in the routines.
7.

Calculation of apparent solar position
A call to the subroutine SOLPOS returns the altitude
(ALT) and azimuth (AZ) at the given time. For use in
further calculations, such as the evaluation of radiation
intercepted by a sloping surface, a second entry point,
SOLVEC, returns solar position as a unit vector in the
local co-ordinate frame.
These subroutines operate by transferring r from the
fixed frame in which it was derived to the rotating frame
in which it is required, r is not updated within these

2-

where K = [

Jo 1/(1 + e cos 9). dt/d9.d9]~1 was

evaluated numerically.
It is an essential feature of this system that r need only
be re-calculated as often as the desired precision of the
evaluation of apparent solar position requires. Variations
in r through the year are the cause of variations in solar
declination and the “equation of time”. Tables of these
latter two quantities (e.g. List, 1958) may be consulted to
assess the required interval between evaluations for any
particular application.
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Fig. 2 — Resolution of zenith vector at a given location
p into polar and equatorial components.
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routines—the user must provide the appropriate sub
routine calls (see below) at the time intervals he requires.
Referring to Figure 3, the relations between the local
co-ordinate axes, East, North and Zenith, are
e = (oj X It)/1 CO X wj
(3)
n =u X e
(4)
u is evaluated by a call to ZENVEC and e and n are then
calculated from (3) and (4). The scalar product operation
is used to obtain the components of r along these axes.
It should be noted that trigonometric functions are
nowhere invoked in these calculations except that if the
entry point SOLPOS is used, evaluation of the angles
requires the use of inverse trigonometric functions.
8.

Calculation of daylength, sunrise and sunset times
The routines now to be described are, in a sense,
ancillary to the set already described since in environ
mental model development they would normally only be
used once to generate a table for the model program.
Evaluation within the model would then involve only table
look-up operations.
It is evident that at sunrise or sunset, u the zenith vector
and r the solar radius vector are mutually perpendicular,
i.e.
u.r = 0
More generally, when the sun is at altitude h
u.r = — sin h
(5)
Relative to our fixed co-ordinate system (Fig. 1) u is a
function of time but, over the time intervals involved, r
may be considered constant.
Resolving u and r into polar and equatorial
components, from (5),
u„rv + ue (t).re = — sin h
(6)
and if «f is further resolved into components along and
perpendicular to re, from (6) and re-arranging,
oj{t - t') = cos-1 [- (sin h + u^P)/ujre]
(7)
where t’ is the time of local apparent noon.
The time interval At between successive passages
through a given altitude, and in particular “civil daylength”, for which h = — 50 minutes, is independent of
t', being given by
wAt = 2 cos 1 I. - (sin h + upr^)/uere]
(8)
For evaluation of the local time, at which a given!
altitude is attained, and in particular for sunrise and
sunset, t' is giyen by
§#
wt' =sin-1 [(r|,X wj. a)/reMj]
(9)
Computationally,
is constant and' was evaluated
when geographical position was specified. ue is evaluated
by a call to ZNEEQ. re is given by
r( = (w X f) X w
'
and rv = r — re.
9. Implementation
(1) Vector manipulation routines, VECARITH
i>The vectors discussed above may be regarded computa
tionally as ordered sets of 3. real numbers (arrays of
dimension 3 in FORTRAN). Many of the calculations
described can be written most conveniently in vector
notation (e.g. Margenau and Murphy, 1943). In this
potation two “product” operators are required, one to
produce the “scalar product” and the other the “vector
product”.
,A useful facility in CDC 3600 FORTRAN (Anon,
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1965, p 5-2) permits the programmer to allocate his own
meaning to any of the FORTRAN arithmetic operators
in respect of operations between specified variable
identifiers. It is necessary to provide assembly-language
code for re-defined operations. Using this facility, the
operators “/” (normally division) and “**” (normally
exponentiation) were redefined for operations between
3-word elements specified as TYPE VECTOR. The slash
was used to denote “evaluate scalar product” and the
double asterisk to denote “evaluate vector product”. The
other operators retained their usual meanings.
For example, in the routine SOLTIM which computes
sunrise times etc., vectors w, r and ve are represented by
identifiers OM, R and RE respectively. In the declarative
section of the routine these are distinguished from
ordinary identifiers (real or integer) by the statement
TYPE VECTOR 7(3) OM, R, RE
Then, to evaluate
re = (aj x r) X <o
it is only necessary to write
RE = (OM ** R) **OM.
It is, of course, possible to define and use the
required operations through subroutines written in
standard FORTRAN.
However, since the vector
manipulation routines, which had been developed
earlier for another application, offered a compact
notation generating efficient object code, they were
used in the development of the routines to be described.
(2) FORTRAN routines
Geographical location must be specified by a call of
the form:—
CALL COORDS (DEGLAT, AMLAT, DELONG,
AMLONG, HRZONE)
in which the first two parameters give latitude (North
positive) in degrees and minutes, the next two longi
tude (East positive) and the last the time zone, in hours
relative to Greenwich.
Time is converted from local civil form to minutes
from datum by use of the function UT:—:
TIME = UT/INT)
V
) Lr.
in which successive pairs/of digits of the integer
parameter INT give, respectively, hotjrs, minutes, day
number, month number, century number and year
within the century. Inclusion of the century number
is optional and;j-if it is omitted, 19 will be assumed.
The function TU performs the inverse transforma
tion:—
LT1M = TU (TIME).
To recover the current day of the week, a call of the
form
INT = DAYWK (TIME)
is used. INT is returned as an integer in the range 1-7
(1 : Sunday, etc.).
The value of the sun-earth radius vector is updated
by the call:—
CALL NEWSUN (TIME),
>•
and the current position of the local zenith vector and
its equatorial component are evaluated by:—
VEC = ZENVEC (TIME) and VEC — ZENEQ
(TIME) respectively.
Local solar position may be found by
CALL SOLPOS (TIME, ALT, AZ)
in which ALT and AZ are altitude and azimuth
The Australian Computer Journal, Vol. 2, No. 3, August, 1970
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respectively (in radians). Alternatively if further vector
manipulations are intended, such as the evaluation of
radiation intercepted by a sloping surface, the call:—
CALL SOLVEC (TIME, VEC)
returns a unit vector in VEC, the components of which
represent the East, North and vertical components of
solar position (Fig. 3). The user must ensure that the
sun-earth radius vector is updated at the intervals he
requires (by NEWSUN calls) before using SOLPOS
or SOLVEC.
Calculations to obtain the local time of sunrise, etc.,
are embodied in the routine SOLTIM for which five
entry points are provided:—
T = DAYLEN (NDATE, DUMMY)
T — RISET (NDATE, DUMMY)
T = SETT (NDATE, DUMMY)
T = UPALT (NDATE, ALT)
T = DWNALT (NDATE, ALT)
These calls return in T daylength, time of sunrise,
time of sunset, time the specified altitude is reached in
the morning and in the afternoon respectively. The

Fig. 3 — Local co-ordinate axes (East, North and Zenith).

Book Review
Barry W. Smith—Editor, Computer Courses in Australia, 1970.
Australian Computer Society Incorporated, Canberra, pp. 33.
Price 30c.
This booklet is a comprehensive directory of computing
courses in Australia. The 1970 edition lists significantly more
courses than shown in the previous version. The introductory
notes on careers and courses are simple, responsible-and clear,
while the format of course information is effective enough.
An early, dramatic disclaimer makes it quite clear that the
Society does not accept responsibility for the information it
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argument NDATE is of the form specified for function
UT but with the hours and minutes digits omitted.
T is returned in minutes, to be interpreted as local time
where appropriate. These routines include the necessary
NEWSUN cafi.
10. Conclusion
The complete package has been tested against data
tabulated in the STAR ALMANAC (Anon., 1969).
Applications in hand include the evaluation of the
energy balance of sloping terrain and the estimation of
solar radiation from data on sunshine duration, for use
in a hydrologic model.
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has compiled. The booklet is unpretentious but adequate and
should be on every careers adviser’s shelf.
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Median Two-Person Game Theory and
Examples of its Flexibility in Applications
By John E. Walsh* and Grace J. Kelleher

This paper considers discrete two-person game theory where the players choose their
strategies independently. Use of mixed strategies introduces probabilistic aspects; so that the
payoff to a player Thas a probability distribution. Determination of optimum strategies is
simplified when only some reasonable “representative value” is considered for a distribution.
The distribution mean is used for this purpose in expected-value game theory. Another
reasonable choice is the distribution median, and this is the basis for median game theory.
Median game theory has huge application advantages over expected-value game theory. Payolfs of a very general nature are allowable for median game theory (some payoffs may not
even be numbers). Also, optimum solutions are obtainable for virtually all games. These
solutions are obtained through orderings of the outcomes of the game (pairs of payoffs, one
to each player) according to desirability, with each player doing a separate ordering. This
paper first provides an introduction to median game theory and then gives the generally
applicable solution, which depends on choices of “relative desirability” functions by the two
players (to order the outcomes). Finally, to illustrate the flexibility of median game theory,
there is a discussion (including some examples) about considerations in selection of relative
desirability functions.

Introduction and Discussion
Only the case of two players with finite numbers of
strategies is considered. Separately and independently,
each player chooses one of his strategies. Every poss
ible combination of strategies determines a pair of pay
offs, one to each player. These pairs are the possible
outcomes for the game. For a given player, his pay
offs can be expressed conveniently in matrix form,
where the rows constitute his strategies and the
columns the strategies of the other player. Both pay
off matrices are known to both players.
A mixed strategy occurs for a player when he
assigns probabilities (sum to unity) to his strategies and
randomly selects the strategy he uses according to
these probabilities. When at least one player uses a
randomly chosen strategy, the payoff to each player is
a random variable, whose distribution is determined
by the probabilities that the players use. These dis
tributions constitute the most,jinformation attainable
about the outcome for the game.
Determination of an optimum choice for the prob
abilities of ,tlie mixed strategies, with unit probabilities
possible, is a basic problem of game theory. This
determination encounters many difficulties when ?all
the properties of distributions are taken into account.
Great simplification occurs, however, when all that is
considered is some reasonable kind of “representative
value” for a distribution.
The distribution mean
f(expected payoff to the player) is used to represent a
^distribution when the well-known expected-value
fnethod is used. Another reasonable choice is to
represent a distribution by its median, and this is the
basis for median game theory.
, Optimum solutions that are of a “controlling”

nature are desirable. That is, an optimum use of mixed
strategies controls the game outcome according to
some plausible criterion (such as expected payoff).
The minimax method used for expected-value game
theory yields results of this nature. Also the results
developed for median game theory have this property
(with respect to a median criterion).
The first several results developed for median game
theory are for the situation where the players behave
competitively. These results emphasize the ranking of
payoffs, separately within each matrix (Walsh, 1969a
and b). This initial method has very desirable features
with regard to the effort needed for application (Walsh
and Kelleher, 1970). For example, very general kinds
of payoffs can occur. Also,, an ordering of the payoffs
within each matrix, plus accurate ev'ajuation of at most
two payoffs in each matrix (whose locations are identi
fied by the orderings), is sufficient for application.
Virtually all layoffs need to be accurately evaluated
for expected-vllue game theory.
This initial median method also has strong advantages, over expected-value game theory with regard to
generality of application. The players behave as com
petitors in both cases. Also, the games with minimax
solutions are a very small subclass of the class of
games where optimum median solutions exist when the
initial method is used. Also, a median optimum solu
tion can exist for one player but not for the other,
which seems to have no analogue in expected-value
game theory (Walsh, 1969b). However, the class of
games with a median optimum solution (for at least
one player) on this basis is a very small subclass of
all the discrete two-person games where the players
behave competitively, and an exceedingly small sub-
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class of the games where competitive behaviour need
not occur.
A change of the emphasis to ordering of outcomes
(rather than payoffs) results in a median approach
that is applicable for virtually all discrete two-person
aames. Moreover, the players need not behave com
petitively. The only requirement is that, separately,
each player is able to order the possible outcomes
according to increasing desirability to him (with equal
desirability possible at places in the ordering). The
first result of this nature, but with the players using
"relative desirability” functions of a specialised kind
(appropriate for a type of competitive behaviour) to
order the outcomes, occurs in Walsh, 1970b. This is
easily extended to situations where general kinds of
relative desirability functions can be used (based on
an idea in Walsh, 1970a) and is a result of this paper.
The way a player behaves is specified by the relative
desirability function that he uses for ordering the out
comes.
The availability of suitable relative desirability func
tions is important with respect to the effort needed for
application.
Ordering of the outcomes, by each
player, does not require very much effort when the
functions are available.
Otherwise, some general
method, such as paired comparisons, might need to be
used. If the number of outcomes N is large the
number of possible paired comparisons for a player,
N(N-l)/2. is huge. It is to be noted that virtually all
payoffs ordinarily need to be accurately evaluated if
the outcomes are to be ordered. An exception to this
requirement occurs when the specialised kind of func
tion introduced in Walsh, 1970b is used.
So much freedom is available in the selection of
relative desirability functions that difficulties can arise
in making a definite choice. To aid in such selections,
several possible types of functions, and how these can
reflect a player’s desires, receive consideration. Of
course, virtually any function (with one-dimensional
numerical values) of the two payoffs of an outcome
could be used as a relative desirability function.
The next section is devoted to the generally applic
able median approach that is based on orderings of
outcomes. The final section contains some examples of
relative desirability functions.
Generally Applicable Approach
The same results apply to each player and are given
for player i (i = 1, 2). These results are stated in terms
of a marking of outcome positions in the payoff matrix
for player i (that is, the payoffs to player i, in the out
comes considered, are marked). The method of veri
fication is very analogous to that given in Walsh, 1969b
and 1970b and no details are stated here.
First, mark the position(s) in the payoff matrix for
player i of the outcome(s) with the highest level of
desirability to player i. Next, mark the position(s) of
the outcome(s) with the next to highest level of desir
ability. Continue this marking, according to decreasing
level of desirability, until the first time that marks in
all columns can be obtained from two or fewer rows.
Now remove the mark(s) for the least desirable outcome(s) of those that received marks. Then, by the
The Australian Computer Journal, Vol. 2, No. 3, August, 1970

following procedure, determine whether some one of
the remaining outcomes can be assured with probability
at least 1/2. The procedure is to replace every marked
position in the matrix by unity and all other positions
with zero. The resulting matrix is considered to be
that for player i in a zero-sum game with an expectedvalue basis, and is solved for the value of the game to
player i. Some one of the outcomes corresponding to
the marked positions can be assured with probability
at least 1/2 if and only if this game value is at least
1/2.
Suppose that the game value is less than 1/2. Then,
the largest level of desirability that can be assured with
probability at least 1/2 is the level that corresponds
to the outcome(s) with marking(s) removed at this step.
Otherwise, when the game value is at least 1/2, remove
the mark(s) for the least desirable outcome(s) of those
still having marks. Then, by another use of the pro
cedure given above, determine whether some one of
the remaining marked outcomes can be assured with
probability at least 1/2. If not, the maximum level of
desirability that can be assured with probability at least
1/2 is the level that corresponds to the outcome(s)
with marking(s) removed at this step. If a probability
of at least 1/2 can be assured, continue in the same
manner until the first time some one of the remaining
marked outcomes cannot be assured with probability
at least 1/2. Then, the largest desirability level that
can be assured with probability at least 1/2 is the
level for the outcome(s) with marking(s) removed at
this last step.
Now, consider determination of a median optimum
strategy for player i. Use the markings in the matrix
of player i that, by the method used, ultimately
resulted in the smallest set of marked outcomes such
that some one of these outcomes can be assured with
probability at least 1/2. Replace the marked positions
f by unity and the unmarked positions by zero. Treat
the resulting matrix as that for player i in a zero-sum
game with an expected-value basis.
An optimum
strategy for player i in this zero-sum game is median
optimum for him.
The method used here is similar to that of Walsh,
1969b and 1970b. It is a simplification (of the method
in Walsh 1969a) that, for a specified minimum
desirability level, maximises the probability that at
least this desirability level occurs.!
Examples of Desirability Functions
Virtually complete freedom is available in express
ing the desires of a player (for the outcomes of a
game) by use of a relative desirability function. How
ever, this does not imply that any choice that might
be made is necessarily satisfactory. On the contrary,
great care can be needed to determine a function that
is suitable. This great freedom of choice is a valuable
property, but only if used wisely. Several examples
are given to illustrate considerations in the develop
ment of relative desirability functions. In general, an*
ordering functions for player i is denoted by Di (p1; p2),
where px and p2 are the payoffs received by players
1 and 2, respectively. For simplicity, but without much
loss of generality, pi and p2 are expressed as numbers
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which are such that increasing values of p, represent
non-decreasing desirability of the payoffs to player i
(i = 1, 2).
The first situation is one where player 1 is considered
and the players behave competitively. Suppose that an
increase of 1 in p, has the same desirability, to player
1, as a decrease of 10 in p2. Then, use of
Di (pi, Pa) = Pi — Pa/10
would seem appropriate, where it is to be noted that
Di (Pi + 1, P2) equals Dx (pl5 p2 — 10) for all possible
values for px and p2. Incidentally, the same ordering
would be obtained if Di (pi, p2) were replaced by any
strictly monotonic increasing function of px — p2/10.
Next, consider player 2 and a situation where an
increase in px is desirable to player 2, although not
nearly as desirable as the same increase in p2. Suppose
that an increase of 1 in p2 has the same desirability, to
player 2, as an increase of 8 in px. Then, use of
Da (pi, p2) = p2 + Pi/8
would seem suitable, where the relation
D2 (pi -j- 8, p2) = D2 (pi, p2 + 1)
is seen to hold for all possible px and p2. Here the
same ordering is obtained when D2 (px, p2) is replaced
by any strictly monotonic increasing function of
P2 + P1/8.
Now, consider player 1 and a more complicated type
of competitive behaviour. Here, px > 0 and p2 > 0
for the situation that occurs. Suppose that an increase
of 10 per cent in px has the same desirability, to
player 1, as a 40 per cent decrease in p2. Then use of
Dx (px, p2) == logiop, + [(log l.l)/(log .6)] log10p2
would seem suitable. It is to be noticed that
Dx (1.1 px, p2) = Dx (px, .6 p2)
for all allowable px and p2. Again, the same ordering
would be obtained if a strictly monotonic increasing
function of Dx (px, p2) is used in place of Dx (px, p|).
Finally, consider player 2 and another complicated
type of competitive behaviour. Here px > 0 for the
situation that occurs. Suppose that an increase of 1 in

p2 has the same desirability, to player 2, as a 15 per
cent decrease in px. Then, use of
D2 (pi, p2) = p2 + (logio.85)_1logX0pi
would seem appropriate, where
D2 (pi, p2 + 1) = D2 (.85px, p2)
is seen to hold for all allowable px and p2.
It is to be observed that a change in the value of px
and/or the value of p2 does not necessarily result in a
change in the value of Dx (px, p2) or of D2 (pi, p2).
This occurs, for example, when the special kind of rela
tive desirability function introduced in Walsh, 1970b is
used. For this kind of function, all (px, p2) such that
Pi ^ Px and also p2 < P'2 have maximum desirability
for player 1, and all (px, p2) such that px < P'x and
also p2 5= P2 have maximum desirability for player 2.
Determination of Px, P2, P'1; P'2 is considered in Walsh,
1969a and b (with Pi, PXI, P'1; P'n used as the nota
tion, respectively). However, the (px, p2) that do not
satisfy px ^ Px and p2 < P'2 are ordered by player 1
through use of some function Dt (px, p2), perhaps of a
type considered above, for the situation of players
behaving competitively. Also, the (px, p2) not satisfy
ing pi^ P'j and p2 > P2 are ordered through use of
some D2 (pi, p2) by player 2 for the situation of players
who behave as competitors.
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BRANCH NOTES (Continued from Page 109)
Education for computer lecturers, the branch has
compiled a register of lecturers.
All requests to the Branch will in future be satisfied
by offering speakers whose names appear on the
register.
(QUEENSLAND
if The program of monthly meetings of the Branch
lor 1970/71 will be as follows:—
June, 1970: “Computers and the Law” — Prof. D.
Whalan.
July, 1970: Film Evening.
August, 1970: Panel Discussion on Documentation.
( “Iverson Notation”—Mr. J. Morris.
“Flow Charts”—Mr. I. Oliver.
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“Decision Tables”—Mr. J. Sands.
Septvf 1970: “The Computer Utility”—Mr. H. D.
Pridmore.
Oct., 1970: “Computer Science Education”—Prof. G.
A. Rose.
Nov., 1970: Panel Discussion on Data Management
Systems.
Feb., 1971: Mathematical Techniques in Management
Planning—Mr. J. Down.
/, ■
March, 1971: Chairman’s Address—Mr. A. Golds
worthy.
April, 1971: “Data Capture”—Speaker to be arranged.
May, 1971: “Maxi or Mini Computers”—Mr. P.
McGregor, Mr. R. Frith.
CDC—6600
PDP—etc.
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CRT Graphic Terminalsf
By C. Machover

$

Cathode Ray Tube Terminals have been associated with digital computers for the past
decade or so. Initially, the terminals were used in military command and control systems.
“Way back in the mid-fifties, for example, the SAGE system used CRT terminals (not
grossly different from present day units) as one of the primary control devices for our air
defence system. However, the use of CRT Graphic Terminals for design purposes in a non
military environment is relatively new. Many digital system historians ... if there be such a
speciality . . . will date this application of CRT terminals to the pioneering work done by
Dr. Sutherland on Sketch-Pad in the early 1960’s. My company has been involved in
Computer Control Display Systems since 1960 and I must admit that for several of the early
years, we felt that we had a cure for which there was, as yet, no known disease;
Today, the use of CRT Graphic Terminals in both research and profit-making situations
is proliferating rapidly. In fact; one authority estimates that in five years from now—13
cents out of each computer dollar will be spent for CRT terminals.

CRT Graphic Terminals are discussed within the
framework of five topics.
1. How a CRT produces a Graphic image.
2. A typical CRT Graphic Terminal block diagram.
3. Performance characteristics of commercially
available equipment.
4. Trade-offs.
5. What a typical system specification looks like.
1. HOW A CRT PRODUCES A GRAPHIC IMAGE
Within the CRT, a stream of electrons is produced
which impinges on the phosphor screen. When the
electrons hit the screen, light is emitted. Due to the
nature of the electron beam and the screen, there are
five parameters which can be controlled to produce a
dynamic or static image.

__

Y DIRECTION
X DIRECTION

A. Raster Scan

a. Beam Deflection—The electron beam is de
flected by both magnetic and electrostatic fields. A
primary advantage of the CRT is that the beam has
negligible inertia and therefore can be moved at very
high speeds (compared to a plotting pen, for
example).
Two basic deflection schemes are used in typical
graphic terminals. One is a system with which you
are already familiar—the same as used in your home
television set. In a television set, the beam is moved
in the X direction. The beam is rapidly reset to the
starting horizontal point and moved again hori
zontally. At the same time, the beam is moved
slowly in the vertical direction. (See Figure 1A.) A
typical television picture, for example, consists of
525 of these horizontal scanning lines repeated
approximately 30 times a second. This regular scan
ning pattern is called a raster scan.
Alternately, the beam could be moved simul
taneously in an X and Y direction; along a straight*

* Y DIRECTION
X DIRECTION

B. Random Position
Figure 1: Basic Deflection Schemes

t
* Information Displays Inc., 333 No. Bedford Road, Mount Kisco, N.Y. 10549. Manuscript received June, 1970.
t This paper was1 presented at the Computer Communication and Display Conference held in Sydney from 29th June-2nd
July, 1970. A number of the papers read at the Conference are being published in the Journal because it is felt they
deserve a wider distribution. (Editor)
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or curved path, to produce the desired line. (See
Figure IB.) This is essentially the same way that
you use a pencil to produce a picture. This method
is commonly referred to as random positioning.
b. Beam Modulation—By properly modulating
either the cathode or the control grid of the CRT,
the beam can be turned off while it is being moved
to location on the screen and then turned on at the
desired spot. Also, the intensification can be varied
so that a number of light output levels are achieved.
Beam modulation can be used either with raster
scanning or random positioning. With the raster
scan method, as in your home television set, the
beam is turned on and off in response to control
signals. Areas of dark and light combine to form
the desired picture.
With random scanning, the beam is generally
turned off until the desired position is reached and
then the beam is turned on while the beam is
deflected along the programmed path.
c. Beam Cross-Section—Typically, the CRT beam
is focused with an electrical lens system. Usually,
one wants to create as round and as small a beam
cross-section as possible. However, it is possible
to intentionally distort the beam and change its
cross-section. In one type of CRT, the beam is
extruded through a stencil so that its cross-section is
formed into a symbol. When the beam then strikes
the phosphor, light is emitted across the entire
cross-section and the symbol appears on the screen.
d. Image Persistance—A system can depend on the
eye’s memory or on the phosphor persistence to
present an image which does not flicker. The light
from some phosphor dies out within microseconds
after the beam moves to another location.* With
other phosphors, light will continue to be emitted for
milliseconds. Special storage tubes are available on
which the image stays until intentionally erased.
Except in the special storage tubes, image persist
ence is not usually controllable, but rather is a func
tion of the phosphor originally chosen.
e. Colour—There is a ,broad spectrum of colours
available to the users. Phosphors are available
which emit a white, green, .bide, yellow, red, or
orange11 light. Several phosphors can be combined
in one tube to achieve multicolour presentations.
In single phosphor CRT’s, colour is a function of

* Phosphors are categorised by the length of time required for

the image to decay to 10% of its initial value.
classifications are summarised below:

Phosphor

Phosphor Classification
Time Required to Decay to
10% of Initial Brightness
Very Short (VS)
Less than 1 USEC ***
Short (S)
1 USEC to 10 USEC
Medium Short (MS)
10 USEC to 1 MS
Medium (M)
1 MS to 0.1 SEC
Long (L)
0.1 SEC to 1 SEC
Very Long (VL)
Longer than 1 SEC
** Where “USEC” appears in this paper please read as
“MSEC” (Ed.)
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the phosphor chosen. In multiple phosphor CRT’s,
the graphic element colour can be under program
control.
In summary, then, any graphic element can be pro
duced on the CRT by properly controlling the deflec
tion, intensity, beam, cross-section, image persistance
and colour. Commercially available systems will pro
gram some or all of these parameters to develop a
picture.
2. A TYPICAL CRT GRAPHIC TERMINAL
BLOCK DIAGRAM
Consider next, the basic block diagram of a CRT
Graphic Terminal, shown in Figure 2. The factors
usually controlled in the CRT are deflection and
intensity. Because of the nature of a CRT, these are
normally controlled with analog voltages. However,
the output of a digital computer is a multibit digital
word .... a series of l’s and 0’s. Therefore, between
the output of the computer and the input to the CRT
is required a digital-to-analog (D/A) converter.
This complex D/A between the computer output
and the CRT input has two main sections—the Inter
face and the Display Generator.
A digital word is presented to the input or the Inter
face, and a digital word is developed as the output.
However, through the Display Generator, the digital
input is converted to analog outputs.
There is one additional element in the typical
graphic terminal. The block diagram developed so far
takes the output of a digital computer and converts it
into a graphic symbol on the face of the CRT. How
ever, one of the powerful features of a graphic terminal
is the facility for allowing the operator to communi
cate back to the computer. There is a variety of these
communication devices available . . . such as a light
pen, keyboard, function keys, joy stick, track ball, Rand
tablet, etc. We will consider these devices in somewhat
greater detail later. But first, let us examine some of
the typical elements which comptise each of the major
blocks.
/
, "
__
\
\ A. CRT DISPLAY—Within this portion of the
the system are contained the Cathode Ray Tube, the
deflection circuits which position the beam, and the
video circuits which modulate the beam. The tube
may be deflected electrostatically or electromagnetically
or by a combination of both. The nature of the deflec
tion circuits will depend on whether the system is
basically a raster scanning or a random positioning
system.
For now, we will assume that the tube uses a con
ventional phosphor and hence, no control is provided
for persistence. Also, we will assume that the tube
uses a single phosphor and no control is available to
change the color. Finally, weljvill assume that crosssection of the beam is not varied.
Some CRT’s are constructed so that an optical
image can be combined with the electronically gene
rated image. These tubes have a port, or window,
through which a picture can be projected on to the
screen.
B. DISPLAY GENERATOR—Before going into a
The Australian Computer Journal, Vol, 2, No, 3, August, 1970
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Figure 2: CRT Graphic Terminal Basic Block Diagram

detailed discussion of the elements normally found in
a display generator, it would be well to examine in
detail how digital signal might be used to produce a
graphic symbol. In the simplest case, the computer
data word designates an X and Y location on the
screen to which the beam should be moved and then
illuminated. Any graphic symbol can then be made
up as a series of these illuminated dots. For example,
the letter A can be made up with 16 dots as shown in
Figure 3. A line or a circle can also be made up of a ♦
series of closely spaced dots.
Therefore, the basic elements required in a display,
generator are a set of conventional digital-to-analog
converters which change the digital X and Y designa
tions into corresponding analog signals to position the
beam on the screen, plus a dot generator to turn on
the beam after it reaches the programmed position.
In this elementary system, each dot requires a separate
instruction. If, as in most systems, the screen has
1,024 addressable locations in the X direction and
1,024 addressable locations in the Y direction, 10
digital bits are needed to specify X and 10 digital bits
are needed to specify Y.
To draw the letter A then, a series of 16, 20-bit
digital words would be needed and at least one com
puter instruction might be needed for each dot. There
fore, one of the early trade-off decisions that one
makes (and we will examine these trade-off decisions
in greater detail later), is the decision between the
amount of computer software to make a graphic
symbol vs. the amount of display hardware to accom
plish the same purpose.
A typical graphic terminal uses a number of specialpurpose function generators to minimise the computer
software. Included among these function generators
The Australian Computer Journal, Vol. 2, No. 3, August, 1970

Figure 3: The letter “A” formed by 16 dots
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are a character generator, a vector (line) generator,
and a circle generator.
Character Generator
With a character generator, for example, instead of
specifying the letter A as a series of 16, 20-bit digital
words, it is necessary to specify it only by a 6-bit
digital word (which allows the selection of 64 charac
ters) or a 7-bit digital word (which allows a selection
of 128 characters) (plus, possibly, one 20-bit word
which designates the position of the letter on the
screen). In the character generator is the special cir
cuitry which translates the 6-bit word into the necessary
analog voltages. Just as in the basic display which
produces images with either raster scan or by random
positioning, various character generators produce
characters the same way. In either case, the character
generator acts as a kind of digital-to-analog converter
which converts the 6 or 7 bit digital code into the
necessary analog voltages.
One exception to this method was referred to
earlier, in the paragraph on beam cross-section. The
separate character function generator is replaced by a
stencil mask in the tube. Instead of deflecting the
beam to form the character, the beam is positioned to
a location on the mask and then extruded through the
mask. In this instance then, the character function is
included within the CRT.
Vector Generator
The vector generator relieves the computer pro
gramming problem of forming a line by programming
a series of closely spaced dots. Instead, the vector
generator receives computer instructions which define
the starting point of the line, perhaps as a 10-bit X
and 10-bit Y word, and the end point of the line, also
a 10-bit X and 10-bit Y word. In the vector generator
is the circuitry required to deflect the beam along the
desired path.
Depending on the type of vector generator, the line
may appear on the CRT screen as a solid, continuous
line or as a series of closely spaced dots.
Circle Generator
Hardware i circle generators M're also available. To
program a circle, it is hiecessary only to digitally
specify the centre of the circle and the radius. The
hardware generates the necessary analog voltages to
move the beam along the desired path.
Function Generator Modifiers
To further reduce computer software requirements,
the typical CRT graphic terminal contains several
other elements which modify the outputs of the various
'function generators.
| For example, usually associated with the character
generator is a digital size control. By using one or two
digital bits, several character sizes can be programmed.
The digital size control is generally a digitally con
trolled attenuator operating on the analog output volt
ages of the character generator.
• At the output of the vector generator, it is possible
to connect a line structure control. Instead of the line
being drawn solid, it can be programmed to be dotted,
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dashed or dash-dotted. This could be done with soft
ware, but the hardware alternate allows the control to
be done with one or two digital bits. Also, in the typi
cal system, modification of the line structure can be
accomplished without affecting the time in which the
line is drawn.
Video outputs from the dot generator, character
generator, vector generator, and circle generator can
be routed through a digitally controlled intensity modi
fier so that the intensity of any of these symbols can
be varied by a one or two bit digital word. The
intensity can be further modified under program con
trol so that any of the symbols can be made to blink.
This blink control is available as a hardware element.
Mode Control
With all the function generators and function gene
rator modifiers, it is necessary to provide logic which
decodes the computer data word and routes the
information to the appropriate function generator and
modifiers. This is a block that can be called a mode
control. In the simplest form, the mode control simply
acts as a decoder. In more complex systems, several
other hardware functions are assigned to the mode
control.
For example, the stringing of characters across the
line in a typewriter page-like format can be done by
logic in the mode control. Only the initial position of
the first character in the line needs to be programmed.
Subsequently, characters are streamed out and the
hardware takes care of advancing the character to the
next location. Spacing can be made the hardware func
tion of the character size. Provision can be made so
that when the characters reach the end of the line, the
line automatically resets to the left-hand margin (or to
a programmed margin) and advances by the, appro
priate space to begin the next line of characters.
Circuits can be included in the mode control so that
characters can be rotated by 90° and plotted vertically
instead of horizontally, or the characters can be superscripted and subscripted. /
\
The mode control might also include logic for
stringing line segments so that once the first line is
established, onjy the new endpoints of the line seg
ments need "lie outputed to the display generator.
Depending on the configuration of the mode control,
these,, successive endpoints can be given either as
absolute positions on the screen or can be defined as
relative positions from the starting point.
Other hardware functions can also be built into the
mode control. For example, a mode can be provided
which allows for automatic plotting of a series of
points or vertical lines where the horizontal spacing is
a preprogrammable increment; or a mode can be pro
vided that allows the increments ’ positioning of a
series of dots.
Mode control complexity is part of the hardwaresoftware trade-off.
Display Refreshing
Earlier it was stated that the typical phosphor used
in a CRT emits light for only the time that the beam
impinges on the phosphor. There may be some perThe Australian Computer Journal, Vol. 2, No. 3, August, 1970
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sistence . . (or afterglow), but generally this does not
exceed several milliseconds. This means that some
thing is required to create the impression of a continu
ous image.
If the screen has short persistence, the eye’s memory
must be used and the picture must be repainted many
times a second to give the eye the impression that it’s
on continuously. The number of times per second that
needs to be painted is the function of the phosphor.
In practical systems this will range between 10 to 40
times per second. If there were no storage element in
the display generator, this refreshing of the display
must come from repeated outputs of the computer.
Assume, for example, that 500 data words are required
to form a complete image and, to give the viewer the
impression that the image is constant, the image must
be repainted 30 times per second. Therefore, the com
puter would be required to output 500 words every
thirtieth of a second in order to refresh the display.
As an alternative to this, it is possible to include
within the display generator a storage of some kind.
(This can be random access core memory, a delay line,
or a drum.) If the storage is available in the display,
it is necessary only for the computer to load the
memory with a frame of data (500 words, from the
previous example). The display then would recycle
the data out of the store as frequently as necessary to
refresh the picture. The only time the computer would
be required is when a picture needed to be changed.
Then the computer would address the storage as needed
and the new information would appear on the screen.
It is also possible to use a CRT on which the image
does not die out immediately. There are several elec
tronic storage tubes available in which the image will
remain until intentionally erased. By using this type
of CRT, the computer need only program the frame
once and the data will remain on the screen until inten
tionally erased and new information is programmed.
•
The choice of whether to use the computer to
refresh the display or whether to use a memory within
the display or whether to use a storage type tube is
one of the trade-off decisions that face the user. Also
entering the storage trade-off decision is the possibility
that the storage and part of the mode control can be
replaced by a small, general-purpose digital computer.
Display Generator Output
The analog-signals from the various function gene
rators and function generator modifiers are combined
into appropriate deflection and video line drivers which
feed the CRT display analog inputs. Frequently, the
character deflection voltages (which often require wide
bandwidth but small deflection channels) are separated
from the other deflection voltages. Therefore, the out
put of the display generator would consist of major
deflection analog signals, minor deflection analog sig
nals, and a video signal.
Several line drivers may be included in the display
generator and may feed more than one CRT display.
These auxiliary line drivers may, for example, feed a
wall size display, a microfilm display, a hardcopy
device, or another direct view display.
The presentations on all displays may be identical,
The Australian Computer Journal, Vol. 2, No. 3, August, 1970

or they have, as a result of suitably programming the
video channels, different presentations.
C. INTERFACE—The input to the display generator
is a multi-bit digital word. The number of bits required
will depend on the specific design of the display
generator and may not be the same as a number of bits
available from the output of the driving computer (par
ticularly where the CRT Graphic Terminal is supplied
by one manufacturer, and the computer supplied by
another). Also, logic levels of the display generator
may not be identical to the logic levels of the com
puter. Therefore, an interface block is needed between
the computer and the display generator. The interface
has three functions:
1. To reorganise the computer data word (which
may ypry from 8 bits to 48 bits) into the word
structure required for the display generator.
2. To convert the computer logic levels into the
display generator logic levels.
3. To provide the necessary sequence signals so
that the computer can properly communicate
with the display generator.
D. INPUT DEVICES—The discussion thus far has
been about a one-way device; information is received
from the computer, converted in the display generator
and presented as a graphic image on the CRT.
However, one of the basic reasons for the increasing
acceptance of CRT Graphic Terminals is the avail
ability of an operator channel from the display back
to the computer. The operator can converse with the
computer on-line and in real-time, using input devices
such as a light pen, joy stick, track ball, Rand tablet,
and function keys,
Light Pen
A commonly used communication device is the light
pen. This is simply a photosensitive device which
detects presence of light on the screen. The pen may
use a photodiode or phototransistor as the light sensi
tive element, or it may use a fibre optics bundle to
pipe the light to a photo multiplier.
If the display does not use a storage tube, the events
which occur on the screen occur in time sequence (even
though to the eye they appear to be occurring
simultaneously).
A light pen pointed at the screen will detect light at
a discrete time and generate' a computer interrupt at
that time. It is generally a function of the computer
software to decide what to do about the interrupt.
Since the interrupt is a time dependant function, nor
mal light pen operation is not possible with a storage
tube because the time reference is lost.
The light pen can be used either in a pointing mode
or a drawing mode. That is, it can be used to point
at information which already appears on the screen or
to designate a location at which information is to
appear; or it could be used to enter information
directly.
s
Because the light pen only responds to displayed
information, some kind of symbol must appear wher
ever a light pen signal is desired. For example, if one
wishes to use the light pen to draw a line, a tracking
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MIHOR

____ I
Figure 4: Graphic Terminal

symbol must first be generated, generally by software.
With software, the tracking symbol is made to follow
the pen as the pen is moved across the screen. The
operator, by activating the appropriate function keys,
can designate what action the system is to take as a
result of the light pen motion; i.e., draw a series of
dots along the light pen path, or connect a straight line
between the starting position and the present light pen
position.
i

allow the operator to mechanically control two ortho
gonal analog-to-digital converters.
The outputs of the converters are sensed and a spot
appears on the screen at the location determined by
these positions. It is generally a software function to
compare the dot position generated by device with
computer generated data.
Graphic Tablet
Another operator input device is the Graphic
Tablet. The Graphic Tableaus an eledtrgnic unit which
consists of a rectangular grid of 1,024 x 1,024 lines.
These lines are pulsed and signals a|e induced in a
stylus, moved by the operator. The location of the

Joy Stick and Track Ball
There are other devices which can indicate locations
on the screen independent of time and, therefore, can
be used with storage screens., These are units which

Figure 5: Typical Word Organisation.
JUNCTION

0

1

2

3*'b

5

6l«7

8

9

10

11

12

13

Ik

£

15

16

IT

18

19

20

21

22

23

f
POSITION

Mode
00

X Position

Y Position

DOT

Mode
01

X Position

Y Position

CHjfLR.
3

Mode
10

VECTOR

Mode

CHAR. 1

CHAR.2

X Position

CHAR.3

Y Position

11
Figure 5A: Self-contained Word Organisation
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1 0 • 1 I 2 I 3 I 4 I 5 I 6 1 7 1 8 1 9 1 101 lll
ADDRESS

Program Control Word

TYPE

Vector Mode Control Word

X Coord

Vector Data Word Pair

Y Coord

Dot Increment Mode Control Word
Repeat

INT*

Dot Increment Data Word

BL*

CHAR

Symbol Mode Control Word
Symbol Data Word

Packed Symbol Mode Control Word

LP

= disable light pen

BL
Z
F

= enable blink
= blank
= frame sync

INT :3

TYPE

00
01
10
11
“ 00
01
10
11

-

normal
dim
bright
off
-

Packed Symbol Data Word
(770 = escape)

AX, AY

SS 001 +1
010 +2
111 -1
110 -2
Others - no increment

0S

Position
Position, Write Dot
dash
solid

MAR

u

CHAR 2

- normal, no offset
01 - small, superscript
10 - small, subscript
11 — small, no offset

oo

CHAR 1

= 00
01
10
11

-

N0P
set margin
return to margin
return to margin and
line feed

♦These bits do not actually control £he Display, but are included to
provide programming mode compatibility.
Figure 5B: Control Word and Data Word Organisation
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stylus relative to the tablet is determined by decoding
the signals. A spot or line corresponding to the stylus
position can be made to appear on the screen.
Keyboards
Several kinds of keyboards are often used with CRT
Graphic Terminals. An alphanumeric keyboard allows
the operator to compose messages or make inquiries.
Function keys permit the operator to make coded
inquiries or to establish operating modes. Some func
tion keyboards use coded, changeable overlays so that
the meaning of the function keys can be changed by
the operator.
Figure 4 is a detailed block diagram of a typical
CRT Graphic Terminal.
E. DATA ORGANISATION—Before leaving this
general discussion of CRT Graphic Terminals, it will
be of interest to examine in some detail how the com
puter data word can be, used to program a picture.
There are several ways in which the computer word
can be organised. These depend on how large the data
word is and on how complex the display generator is.
The data word may be completely self-contained,
with each word containing information about the mode
of operation (character writing, line drawing, and posi
tion). Figure 5A is an example of this organisation.
More often, two types of words are used. One type
is a control word, which establishes the mode and sets
some parameters (such as intensity and line structure)
for the succeeding data words which contain locations
or characters. All succeeding words are interpreted
as the same kind of data words until a new control
word is encountered. A typical example of this kind
of data organisation is given in Figure 5B. The word
organisation is used in a representative CRT Graphic
Terminal (manufactured by IDI, and described in
Appendix A, Data Sheet 134-966) which can be driven
from a Digital Equipment Company PDP-8 Com
puter,
The PDP-8 has a 12-bit word, and'the
word organisation shown (Figure 1 of the Data Sheet
and Figure 5B) are designed for the 12-bit word.
How are these words used to produce a graphic
image? Suppose one wished to display the schematic
shown in Figure 6. First, Figure (jj, would be drawn as
shown in Figure 7 to designate reference points. Data
words would then be appropriately coded to produce
the required CRT beam motions. The first several
words will be coded in detail to illustrate the process.
A complete listing is given in Section 3, Table 1. Data
word designations correspond to those given in Data
Sheet 134-966, Figure 1.
At the beginning of a program, the beam is at the
lower, left-hand corner of the display. Therefore, a
group of data words must be programmed to move the
beam, unintensified, to point 1. The first word is a
Vec|or Mode Control Word. This sets the display
mode control logic so that the following words will be
interpreted as Vector Data Word Pairs, until a new
control word is encountered. The second and third
data words are Vector Data words which specify the
X and Y locations of reference point 1. By making
bit |1, in the second data word a logic 1, the display
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Figure 6: Typical CRT Presentation.

generator is programmed to deflect the beam, unintensi
fied, from the starting location to point 1.
From point 1, a solid line must be drawn to point 2.
Because .the display mode control logic is still set in
the vector mode, it is only necessary to program two
more Vector Data words to move the beam from
point 1 to point 2. Therefore, the fourth and fifth
data wojtds are Vector Data words which specify the
X and Y location of point 2. By making bit 11 in the
fourth data word a logic 0, the display generator is
programmed to deflect the beam, intensified, from
point 1 to point 2. The appropriate deflection voltages
are developed by the vector generator.
In similar fashion, the beam is caused to move from
point to point, intensified or unintensified as required.
So long as the vector mode is maintained, no additional
control words are necessary.
Suppose the line drawing has been completed and
characters are to be added. A Vector Data word pair
is programmed to move the beam to point 104. Next,
a Symbol Mode Control word is programmed so that
the next data word is interpreted as a symbol data
word. The next word is a Symbol Data word, and
The Australian Computer Journal, Vol. 2, No. 3, August, 1970
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+ I2V

v C—i

NOR GATE
/
/
beam stakt

Figure 7: Coding Sequence

bits 1-6 contain the digital code for the letter A. After
the letter A is written, a Vector Mode control word-,
Vector Data word pair sequence is required to move
the beam to point 106. To write the letter B, the
Symbol Mode Control word-Symbol Data word
sequence must then be programmed.
To write the IDI NOR GATE label, a Vector Mode
control word-Vector Data word pair sequence would
be programmed to move the beam to point 110.
Because the label is a string of characters, the Packed
Symbol mode is an efficient way to program the
sequence. Therefore, the next data words programmed
would be a Packed Symbol mode control word fol
lowed by a sequence of seven Packed Symbol Data
words. The first six Packed Symbol Data words would
contain the appropriated codes for the letters and
spaces in the label (two characters per word). Charac
ter 1 of the seventh Packed Symbol Data word will be
the escape character, so that the following word would
be interpreted by the display as a control word. The
appropriate sequence would be continued for the
balance of the labels. After the last element of the
frame (point 135) the sequence from the computer
would be repeated.
Note that the control words and data words contain
bits which set character size, line structure, margin,
intensity, blink, margin, and to control the light pen
The Australian Computer Journal, Vol. 2, No. 3, August, 1970

.... in addition to bits which define the character, X
and Y location and mode.
3. PERFORMANCE CHARACTERISTICS OF
COMMERCIALLY AVAILABLE EQUIPMENT
Over the past few years a number of CRT Terminals
have become commercially available. Before review
ing the general characteristics of graphic terminals, it
is helpful to see how these fit into the spectrum of
computer driven CRT displays.
There are basically three types of display systems:
Point Plotting
Alphanumeric
and
Graphic.
Each type of display system can be divided into
three broad categories:
low cost/low performance
medium cost/medium performance
high cost/high performance.
Figure 8 illustrates these divisions. Also shown in
Figure 8 is an indication of the first basic characteris
tics of commercially available equipment .... the
approximate price. The price divisions are rather
arbitrary and are intended only to show the approxi
mate range for each device. Shading in Figure 8 repre
sents which categories of equipment are commercially
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Figure 8: Commercially Available CRT Displays

available. This section is concerned with graphic CRT
Displays . . . and the second characteristic to be
observed about commercially available equipment is
that there are no low-cost units. This is not because
of a lack of market for them (which is the explanation
for the lack of commercially available high-cost alpha
numeric units), but because no one seems yet to have
found a way to produce them!
We will concentrate on commercially available
equipment currently being marketed. Undoubtedly, in
the future, the equipment will be faster, more accurate,
less expensive . . . and, perhaps, even habit-forming.
As can be inferred from the earlieF sections, a
graphic CRT terminal is a conglomerate of devices,
each of which has a range of characteristics which can
affect the performance and usability of the terminal.
For convenience, the various factors which contribute
to the effectiveness of the terminal can be grouped
into three categories.
1. Those which affect the data content. . . that is,
f how much information can be displayed simul| taneously without flickering objectionally and
f with the graphic symbols large enough to be
easily read, or when small, to be easily dis
tinguishable.
12. Those which affect the quality of the display .. .
that is, how the display looks aesthetically to
( the observer, and
3. Those which affect the ease of use . . . both
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from a human factors standpoint and from a
systems programming standpoint.
Characteristics which affect each of these categories
are discussed in this section. Where appropriate, typical
ranges for commercially available equipment are given.
A. DATA CONTENT—The amount of data which
can be displayed simultaneously, without appearing to
flicker is affected by the following:
Frame Rate
The more timejhat can be taken to write a frame
of data, the more data can be displayed per frame. In
the limiting case, using a phosphor with indefinitely
long storage, the amount of information which can be
displayed simultaneously will depend only upon the
resolution of the CRT.
However, in the more typical case, the CRT phos
phor retains the image for times ranging from 1 USEC
to 100 MS. The eye needs to have an image with
out any persistence repeated about 35-40 times per
second before successive images merge without flicker
ing. As the persistence of the image* increases, the
number of times it needs to be repeated decreases.
Typical phosphors used in CRT terminals produce dis
plays that need to be refreshed from 10 frames/second
(with a long persistent phosphor such as the J, or L3)
to 40 frames/second for the medium-short persistent
phosphors such as the P4 and P31.
Because less persistent phosphors tend to be more
The Australian Computer Journal, Vol. 2, No. 3, August, 1970

CRT Graphic Terminals

efficient, and more resistant to damage, most manufac
turers prefer to use them in their terminals. Therefore,
all frame-time dependent values—and references to
flicker-free presentations—in the following discussion
are based on a 40 cycle frame rate (or 25 MS frame
interval). Keep in mind, however, that the data content
can be increased in direct proportion to frame interval.
For example, if a flicker-free data content of 250 points
is quoted, it is understood that the calculations are
based on 25 MS frame interval. If, in a particular
system, with a particular phosphor, a frame interval of
100 MS (frame rate = 10/second) were acceptable,
the number of points could be increased to 1,000.
Deflection Amplifier Response
A primary parameter of a CRT display is the speed
with which the beam can be positioned. In random
positioned systems, the beam can be moved anywhere
on the screen in times ranging from 3 USEC to 100
USEC. Therefore, the number of random dots which
could be displayed, flicker-free, ranges from 250 to
8,300.
If the data can be properly formatted, it may be
possible to organise the information so that full screen
random positioning is not required. Under these cir
cumstances, the small angle positioning time of the
deflection amplifier is critical. In commercially avail
able equipment, this ranges from 1 USEC to 10 USEC.
Therefore, the number of dots which can be displayed
flicker-free ranges from 2,500 to 25,000.
Note that these factors are based on the assumption
that the system uses random positioning. There are
systems, however, which use a raster scan similar to
that used in a conventional television set. Such systems
require complete formatting of the data. However, by
doing so, as many as 1,000,000 dots can be displayed
flicker-free, compared to a maximum of 25,000 dots
in a random positioning system.
A second, wide bandwidth, small angle deflection f
channel with bandwidth ranging from DC to 10 MC
is also included in some terminals.
Character Writing Time
Character generators available in commercially
available terminals, write a character in times ranging
from 2 USEC to 100 USEC. To these times, must be
added the positioning time (ranging from 3 USEC to
100 USEC random or 1 USEC to 10 USEC, small
angle). Therefore, the number of random characters
that can be displayed flicker-free ranges from 125 to
5,000, and the number of formatted character (text)
that can be displayed flicker-free ranges from 220 to
8,300. As a comparison, a typical double-spaced type
written page contains about 2,500 characters.
Line Drawing lime
Two types of vector (line) generators are offered in
commercially available equipments. One type requires
a fixed time to draw a line regardless of line length,
while the other requires a time proportional to line
length. Typical fixed time vector generators require
from 30 to 150 USEC to draw lines up to full screen
size, while the proportional vector generators have line
The Australian Computer Journal, Vol. 2, No. 3, August, 1970

drawing speeds ranging from 0.5 USEC per inch to
150 USEC per inch. This means that the fixed time
vector generators can draw between 160 and 830
flicker-free line segments per frame. Depending on
CRT screen size, this can represent up to 16,000
inches of line. Proportional vector generators can
draw from 160 to 50,000 inches of flicker-free line per
frame.
Circle Drawing Time
Hardware circle generators available with terminals
can generally draw any size circle in from 100 USEC
to 300 USEC. This means that from 83 circles to
250 circles can be displayed flicker-free.
Logic Time
In addition to the actual time required to deflect a
beam and write the various functions, the logic in the
display generator, the logic of the computer, and the
memory cycle time will affect the amount of data
which can be displayed. For example, the word
organisation of the terminal may require that the gene
ration of each graphic element be controlled by several
data words. Elapsed time from the display’s request
for a data word and the terminal’s set-up is in the
order of 1 to 4 USEC. If 1,000 data words were
required per frame (a typical value) and between 1 and
4 USEC were consumed in data transfer and logic
set-up, 4% to 16% per cent of the frame time is con
sumed and the data content would be reduced by that
amount.
Resolution
Resolution determines such things as the smallest
readable character that can be displayed, and the mini
mum spacing that can be discerned between lines.
Basically, CRT beam spot size determines resolution.
In commercially available terminals, the nominal spot
will range from .01 in. diameter to .03 in. diameter.
However, spot size might vary by a factor of 3:1 (on
the same terminal) because of beam intensity and spot
position on the screen (better in the centre, poorer at
the edges). Some terminals use dynamic focusing tech
niques to keep the spot size relatively constant over
the display area.
For purposes of comparison, the range from 30
fines per inch (.03 in. diameter spot) to 100 lines per
inch (.01 in. diameter spot) will be used. To read a
character with minimum chance of error, it is gener
ally agreed that at least five and preferably seven fines
of resolution per character are needed. Two more
lines are needed in the space between characters.
Therefore, assuming that a typical character and its
space needs nine resolution fines, the character density
with a 30 line/inch resolution display is approxi
mately three characters per inch and with a 100 line/
inch resolution is approximately 11 characters per inch.
For comparison, a Pica Typewriter spaces characters
10 per inch, and an Elite Typewriter spaces characters
12 per inch.
i
Addressability is sometimes confused with resolu
tion. Addressability is a statement of how many digital
positions can be programmed (but not necessarily dis
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tinguished) along each axis. Typical terminals offer
9-bit (512) or 10-bit (1,024) addressable locations.

Code
Vector Mode Control: 4 USEC...........................
Vector Data (Blanked): 17 USEC.......................
Vector Data: 50 USEC ........................................
Symbol Mode Control: 4 USEC .........................
Symbol Data: 13 USEC........................................
Packed Symbol Mode Control: 4 USEC..............
Packed Symbol Data: 26 USEC .........................

Screen Size
Screen size affects data content primarily from the
standpoint of resolution. CRT’s used in commercial
terminals generally range from 16 in. round to 24 in.
round, with available display areas of from 10 in. x
lOin. to 16 in. x 16 in. Therefore, the number of
readable characters per line can range from 30 (10inch line of a resolution of 30 lines per inch) to 176
(16-inch line with a resolution of 100 lines per inch).

VC
VDB
VD
SC
SD
PSC
PSD

Table 1 shows the sequence of data and control
words required to produce Figure 7. The time, and
number of words are also shown. As indicated in
Table 1, 268 12-bit computer words would be required
to produce the display shown in Figure 6. Based on
the times given in the above and in Table 1, the dis
play would be written in 4242 USEC, resulting in a
frame rate of
1
_
Frame Rate = ---------------- = 236 Frames/Second.
4242 USEC
Because this rate is much higher than necessary for
a flicker-free display, the programmer could take
advantage of the frame rate control feature (Figure 5B,
Bit 6 of the vector mode control word) and program
one additional vector mode control word as word 136.
A typical display would maintain a frame rate of 40 f/s

Overlays
Static information can be superimposed on the beam
written data by projecting pictures (slides) through an
optical port in the CRT. Typical systems can select
from among 25-150 slides.
Data Content of a Typical Data Frame
The word organisation of Figure 5B and the coding
sequence of Figure 7 can be used to illustrate the way
to determine the number of computer words needed
per frame, plus the time required per frame. To calcu
late timing, we will use the values given in Appendix A,
Data Sheet 134-966. These are:

TABLE I
DATA AND CONTROL WORD SEQUENCE
Terminal
Points

Beam Start
Beam Start-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-10
10-11
11-20
20-21
21-30
30-31
31-38
38-39
39-40
40-41
41-42
42-43
43-44
44-45
45-46
46-47
47-55
55-56
56-57
57458
58-S9

|

Data Or
Control
Words

Time
(USEC)

Words

4
i
VC
2
VDB
17
VD
50
2
VDB
17
2
VD
50
2
VDB
17
2
50
2
VD
VD
50
2
VD
50
2
VDB
2
17
VD
50
2
VDB
17
2
Same As 1-10
VDB
17
'"•2
Same As 1-10
VD
50
2 ,!»
350
14 V
VD (7)
VDB
17
P2
VD
50
2
VDB
17
2
2
VD
50
VD
50
2
VD
50
2
VDB
17
2
VD
50
2
17
2
VDB
Same As 39-47
VD
50
2
17
2
VDB
VD
50
2
17
2
VDB

Terminal
Points

59-60
60-61
61-65
65-66
66-67
68-69
69-70
70-71
71-72
72-73
73-74
74-81
81-82
A 82-83
83-84
84-85
85-86
86-87
"87-88
88-89
89-90
90-91
91-92
92-93
93-94
94-95
95-103
103-104
104-105

Data Or
Control
Words

Time
(USEC)

Words

2
50
VD
17
2
VDB
200
8
VD (4)
2
17
VDB
50
2
VD
50
2
VD
2
VDB
17
2
VD
50
2
VDB
17,,
50 " 2
VD
2
VD
50
Same As 31-38
2
VDB %
17\
2
VD
50 '
2
17
VDB
VD
2
50
VDB
17
2
VD
2
50
2
VD
50
VD
50 - t 2
2
VDB
17
50
2
VD 'f
VDB
2
17
50
VD
2
VDB
17
2
50
2
VD
VD (8)
400
16
VDB
17
2
1
SC
4
SD
13
1
VC
4
1

Terminal
Points

105-106
106-107
107-108
108-109
<409-110
110-116
116-117
117-119
119-120
120-122
122-123
123-125
125-126
126-128
128-129
129-133
133-134
134-135

f

128

Data Or
Control
Words

VDB
SC
SD
VC
VDB
SC
SD
VC
y VDB
PSC
PSD
VC
VDB
PSC
PSD
VC
VDB
PSC
PSD
VC
VDB
PSC
PSD
VC
VDB
VC
PSD
PSC
VDB
PSC
PSD
VC
VDB
VD

Time
(USEC)

\
>■

k•

17
4
13
4
17
4
13;
4
17
4
156
4
17
4
52
4
17
4
52
4
17
4
52
4
17
4
56
4
17
4
104
4
17
50

Words

2
1
1
1
"2
1
1
1
2
1
6
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
4
1
2
2

TOTALS
TIME/FRAME: 4242 USEC
WORDS/FRAME: 268
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(or less). Therefore, after completing the frame in
4242 USEC, the display would wait 20758 USEC
(25,000-4242) before generating the next request for
the first word of the frame.
B. QUALITY—Several factors affect the image
quality. Some of these factors may also affect data
content, as indicated in the following discussion:
Accuracy (Linearity)
Accuracy describes how the programmed position of
the beam corresponds to some external reference. For
example, if a grid were scribed in the face of the CRT
and the beam were programmed with a digital instruc
tion which should cause the beam to fall at a grid line
intersection, the variance between the beam position
and the intersection is the accuracy. Commercially
available systems have accuracies ranging from 1% to
5% of full scale. Generally, pictures drawn with this
accuracy are quite acceptable to the observer provided
there is no attempt to superimpose the electronic image
with a mechanical reference. The presence of the
mechanical reference will emphasize the non-linearity
or inaccuracy of the display. For comparison, the non
linearity of a well-adjusted home television set is about
10% to 15%.
Short-time Stability
Short-time stability of the image will affect the
observer’s reaction to it. Small movement of the
graphic element, called jitter, can be quite objection
able when it occurs at low frequencies (less than 10
cps). Jitter results mainly from a beat between the
frame rate and the power line frequency (or sub
multiple frequency). In an adequately shielded terminal,
the jitter is about 0.5 to 1 spot—but even this value
can be disturbing to the user.
Two methods are used to reduce or eliminate the
apparent jitter. One is to maintain the frame rate at »
such a value that the beat frequency is relatively high
.... typically 20 cps. Although jitter still may be,
present, the graphic element is moving so fast that, to
the observer, the line or dot simply thickens a bit.
Hence, the resolution is affected, but the image appears
stationary. This technique is especially successful when
used with longer persistent phosphors.
Alternatively, since the jitter most frequently comes
from stray magnetic fields, the display frame rate can
be locked to the line frequency and the jitter essentially
eliminated.
Repeatability
When the beam is programmed to the same location
from various places on the screen, the successive dots
will probably not be superimposed. The spread, called
repeatability, may range from 1 spot size to 10 spot
sizes. In commercially available equipment this effect
may be particularly disturbing when various line seg
ments are programmed to start from the same point,
but, because of repeatability, they do not.
Brightness and Contrast
If the display is to be used in a normally lighted
room, it is important that the presentation be bright
The Australian Computer Journal, Vol. 2, No. 3, August, 1970

or have a high contrast ratio. Typical terminals pro
duce 20 foot-candle to 50 foot-candle presentations.
Shorter persistent phosphors, such as the P4 and P31
do produce bright, easily-read displays, but these phos
phors require relatively high frame rates to reduce
flicker. Longer persistent phosphors such as PI9, P23,
and L3 reduce the frame rate requirements at the
expense of brightness. Therefore, displays using longer
persistent phosphors may require subdued room
illumination. Contrast can be enhanced with neutral
density filters. Although these filters reduce total
brightness, they do increase contrast and enhance the
readability of the display.
Phosphor Colour
Phosphors are available which produce white, green,
yellow, blue, and red outputs (and shades in between).
The shorter persistent phosphors are generally in the
white, green, and blue range; while the longer persist
ent phosphors are in the orange, yellow range.
The eye is most sensitive in the green region, so that
with equal light output, displays with a green image
appear brighter. This is one reason why the P31 phos
phor is used in many terminals.
Graphic Symbol Construction
Graphic elements can be constructed in a variety of
ways . . . some of which enhance the quality of the
display and others which tend to detract from it. For
example, characters formed from a 5 x 7 dot format
may be readable but not aesthetically satisfying. Other
graphic elements constructed from a series of dots may
be readable, but not pleasing.
Stroke characters usually produce acceptable quality
formats. The beam forming and monoscope techniques
permit a wide range of character formats, with few
limits on character style.
Higher resolution dot
formats, typically 16 x 16, are also capable of pro
ducing excellent quality symbols.
C. EASE OF USE—There are two categories dis
cussed in this section; those which are based on human
factor considerations and those which are based on
programming considerations.
Human Factors
Screen angles range from approximately 10° from
the vertical, to horizontal. Generally this is fixed,
although at least one commercially available unit has a
tiltable head.
,i
A variety of light pen configurations is available,
ranging from a simple penholder type to a gun type.
Some pens are relatively heavy while others are light
weight. Some use a very flexible cable and others use
a rather stiff cable or coil cord. Aiming circles are
provided with some light pens so that the operator
knows where the sensitive area of the pen is pointed.
Activating switches for the light pen range from
mechanical shutters on the pen, electrical switches on
the pen, knee switches and foot-pedal switches.
Other operator input devices are available on vari
ous consoles. Alphanumeric keyboards and function
keys are used. Some function keys use plastic overlays
for additional coding. Track balls and joy sticks are
preferred by some users. The Graphic tablet, which
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provides an easy method for graphic input, is available
as an accessory in several systems. Some displays
eliminate all mechanical input devices and allow the
operator to get a response by simply pointing with his
finger at something on the screen.
Operator controls on commercially available termi
nals range from having only an on-off power switch to
providing manual adjustments for various display
parameters.
Servicing facilities incorporated in terminals range
from a logic card extender to elaborate maintenance
panels, which include register lights and test pattern
generators.
Terminal packaging ranges from multiple cabinet
configurations, with the display console separated from
the display generator, to relatively large integrated
units which occupy 10-15 square feet of floor space,
and are 4-5 feet high.
Systems Programming
The display command structure influences system
programming. Two common types of command struc
tures are shown in Figure 5. In one approach, illus
trated by Figure 5 A, each data word is completely self contained and has a mode instruction and all other
information required to define a graphic element. In
contrast, the word organisation currently favoured
(Figure 5B) establishes a mode of operation with one
word and then uses a series of succeeding data words
to program identical kinds of graphic elements. Figure
5B also illustrates a word organisation which includes
computer-type instructions such as JUMP and JUMP
AND SAVE. Some graphic terminals are designed so
that more than one display console can be driven from
a common display generator. These other consoles
may be slaved (and have identical information) or they
may have different information. Such displays may be
photographed or used to produce wall size pictures or
immediate hardcopy.
A description of a more complex graphic terminal
(which includes its own programmable memory,* pro
vides for elaborate interrupt capability, and can con
trol several consoles) is given in the appendix, IDIIOM
Datasheets 148-1267 and 148B-168.
SUMMARY
i#
This section has discussed the characteristics of
commercially ( available terminals frdm an equip
ment viewpoint—not from an applications view
point. One can list a number of current and potential
applications for CRT graphic terminals, but the data '"
which describes terminal requirements in terms of these
applications is scarce. For example, the line drawing
needs of a terminal used by civil engineers for cut-andfill analysis, may be quite different from those of an
engineer using the terminal to design integrated circuit
masks. Adams Associates, in their “Computer Display
Refiew”, formulated several typical presentations—
schematic diagram, floor plan, and weather may—
and using terminal manufacturers’ supplied perform
ance specifications, analysed how long each terminal
would take to write the display.
* Manufacturer’s euphemism for small digital computer.
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Generally, though, the terminal user considers his
data (applications) content requirements proprietary,
and seldom publishes his findings.
4. TYPICAL TRADE-OFF DECISIONS
At this point, you should have a pretty good idea
of how a graphic terminal works, and what factors
affect its performance. From time to time in the dis
cussion, I have inferred that the terminal designer
needed to make various trade-offs—hardware vs. soft
ware, type of character generator, etc.
As a user, you too will have various trade-off
decisions to make, also—because often your budget,
or your operating requirements cannot be matched by
a single piece of equipment.
Such a decision-making process will come as no
surprise. After all, you are faced with it every day.
Take the simple case of buying a package of cigarettes
—what happens when you go into the corner cigar
store and say:
“A package of cigarettes, please.”
Does the fellow behind the counter just lay a pack
age down in front of you? No, indeed! You’ll be led
through a series of trade-off decisions which go some
thing like this:
“What brand?”
“Filter or plain tip?”
“Hard pack or soft pack?”
“Regular or menthol?”
“70 mm, 85mm, 100 mm long?”, or “a silly milli
metre (101) longer?”
By this time, you may decide to give up smoking!
In this section, I will discuss some of the choices
you will have to make in configuring a terminal. These
will be technically based decisions. Other trade-offs,
such as the reputation of the manufacturer, the per
sonality of the salesman, the availability of lease vs.
purchase and the availability of software, will enter
into your final decision . . . but these considerations are
“beyond the scope of this paper”.f
Hfere are some'bf the trade-off decisions with which
you will be.faced in choosing a terminal for your
application. The “your application” Ms intentionally
italicised—because it is unlikely that any one terminal
will be the best for all applications. Many questions
will be raised and few answers will be found in the fol
lowing. My intent is to raise some caution flags!
A. COSTS YS. PERFORMANCE—Earlier, it was
emphasized that performance and capability are gener
ally (but not always) related to cost. Higher perform-'
ance units . . . more data capacity, better quality
characters, greater versatility . . . generally cost more.
Therefore, where the budget is limited, it is important
to consider carefully what performance your applica
tion actually requires . . . and then choose a terminal
which provides enough (with some ’safety factor and
provision for growth), but not significantly more than
you need.
Notice that most of the other trade-off discussed in
this section carries some cost implication.
t This phrase is commonly used to allow the author to avoid
highly controversial areas!
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B. HARDWARE VS. SOFTWARE—“Hardware vs.
software” trade-off is not an easy one to make. The
kind of application, the capability of the driving com
puter, the number of identical systems in related facili
ties, display data content, are all factors which enter
into the decision. Where hardware funds are limited,
where display data content is low, when the capability
of the driving computer is not being pushed, where
there are many identical systems in related areas, the
tendency is to use more software and less hardware.
Dr. H. McDonald of Bell Labs, has favoured the
software approach ... his displays are simply digitally
controlled point plotting systems, with virtually no
special function generators or mode controls. In con
trast are the MAC graphic consoles developed by John
Ward at MIT. Here, functions usually assigned to
driving computer software, such as co-ordinate trans
formation, are accomplished by hardware in the
display console.
C. RASTER VS. RANDOM—One of the high cost
items in CRT Graphic Terminal Systems is the display
itself. This is especially true where several displays are
driven from a common display generator. Generally,
the display used in a raster system is significantly less
expensive than one needed in a random system. This
difference occurs because raster displays can use TVlike techniques which are (1) inherently less expensive
technically, and (2) adaptable to commercial TV
monitors which are produced in substantial quantities,
and therefore are less expensive.
However, the use of a raster system may have
several other drawbacks. The user may not find the
appearance of a raster display as pleasing as one made
from continuous lines. Programming a raster system
imposes burdens. Primary data is generally defined
by specific locations on the screen. For example, a
line may be defined by two end points, X1Y1 and X2Y2.
In a random positioning system, the beam is simply
programmed to move between these points. In a raster
system, the end point definition must be converted into .
a different (time-dependent) co-ordinate system . . .
and the conversion must generally be done in the cen
tral computer (another aspect of the hardware vs.
software trade-off). Communication from the display to
the computer via light pen is also complicated in a
raster system.
D. REFRESH FROM CENTRAL COMPUTER VS.
DISPLAY BUFFER—including a buffer in the display
increases the cost of the terminal. In some applica
tions (for example where the terminal is located more
than 2,000 feet from the central computer, it is not
practical to use a high data rate communication line)
the display must have a buffer. However, in many
cases, the display could be refreshed directly from the
central computer. Generally, central computers with
data break, direct memory access, or overlap control
facilities, are better suited to refresh the display. If the
application does not require a substantial amount of
processing time in the central computer, it jnay be
practical to also refresh the display from the computer.
Availability of truly low-cost general-purpose com
puters (where the computer cost is not greatly different
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than a wired core .memory) further complicates (or
increases) the choice.
Enough advantage may be
obtained by allocating certain housekeeping functions
(display refresh, light pen tracking, editing, co-ordinate
transformation) to the small computer-used-as-displ'aybuffer, to favour the use of the small computer where
an ordinary buffer would not generally be used.
E. HIGH REFRESH RATE VS. PHOSPHOR
STORAGE—If storage phosphors are available, why
use a high refresh rate at all?
Several reasons.
Generally, the storage phosphors are not as bright, or
as efficient. Also, most storage phosphors are “soft”
in the sense that they can be burned easily. It is virtu
ally impossible to protect a storage phosphor against
some condition which may damage it.
When rapidly-moving data is presented, the storage
phosphors will tend to show a smeared picture. Timedependent communication between the display and the
computer may be impaired because of the stored
image. For example, it may not be possible to use a
light pen with a storage phosphor.
F. MECHANICAL KEYBOARDS VS. LIGHT
PEN—Some kind of keyboard is needed with most
graphic terminals in order to transmit the operator’s
command to the computer. These commands may call
up new information, change data, or put the system in
a different mode.
The light pen in conjunction with displayed informa
tion can be used for this type of communication. Why,
then, add any mechanical keyboards? Many users find
that total light pen command is not efficient ... for
example, when the system is being used for computeraided design. Here, the operator would be required
to continuously move the pen between the command
keyboard and the drawing area. By having a mechani
cal function keyboard, the operator can work the
buttons with one hand and the light pen with the other.
Message composition is somewhat easier using an
alphanumeric keyboard rather than a light pen in con
junction with a displayed alphabet.
G. MONOCHROMATIC VS. COLOUR—Colour
television is here . . . why not colour CRT Graphic
Terminals?
Why not, indeed? There are some applications
where colour would be most helpful. Using the dis
play to design integrated circuit masks, or multi
level printed circuit boards, for example. There are
many other applications where colour probably would
not offer enough to justify the cost or lower perform
ance.
Generally, the manufacturer must use a commer
cially available colour CRT—the same one being used
in home colour TV sets. Tube construction limits the
resolution. The smallest character size, for example,
would be about J in. high (compare to 3/32 in. in a
readily available conventional monochromatic CRT).
Technical problems with the convergence circuits (the
circuits which allow the three primary colours to pe
combined to produce any other colour including white)
drastically increase line drawing time in random posi
tion systems (from typically 1 USEC/inch to 100
USEC/inch).
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H. ABSOLUTE VS. INCREMENTAL—In an ab
solute positioning system, the screen locations are
given in specific numbers. For example, if the screen
is divided into 1,024 addressable locations, and the
extreme left is 0, the centre will be 512; three-quarters
across will be 768, etc. Graphic element location data
must be specified in terms of these absolute locations.
For example, in Figure 7, the three input diodes
(between points 1-10, 11-20, and 21-30) are identical
and drawn with the same sequence of commands. But
because the diodes are in three different locations on
the screen, the data describing each is different, i.e.,
the absolute location of point 2 is different from the
absolute location of point 12, which in turn is different
from the absolute location of point 22. The same con
sideration applies to other groups of common figura
tions.
However, if it were possible to command the dis
play with information describing the relative position
of successive points; i.e., the change from a prior posi
tion, common graphic elements need be stored only
once and simply called out as a subroutine as needed.
Referring again to the three input diodes in Figure 7,
the change between points 1 and 2 is the same as the
change between 11 and 12 and is the same as the
change between 21 and 22. Similarly, the changes in
the succeeding beam positions needed to trace out the
diode in each of the three locations are identical.
Hence, one sequence of computer words could be used
to trace out the three diodes if the data were relative
instead of absolute.
As listed in Table 1, the sequence between terminals
1 and 10 requires 20 data words. By using the identi
cal group between 11 and 20 and 21 and 30, approxi
mately 40 data words could be saved per frame. (Not
exactly 40 because an extra Program Control Word,
Figure 5B, would be needed to call the subroutine
from memory each time). Similarly, the sequence
between 31-38 and 74-81 could be stored as a sub
routine, saving about 14 data words per frame; and
the route between 40-47 and 48-55, saving about 14
data words per frame.
In this specific example, the storage requirement per
frame could be reduced about 25% by using an
incremental rather than absolute positioning system.
Note that the time per frame does hot change sig
nificantly—only enough to process the necessary Pro
gram Control Words. In this example, 7 Program
Control words, each requiring about 4 USEC would
be needed, increasing the frame time by less than
0.7%.
The incremental system is available, at higher cost,
in some terminals. Notice that the incremental system
could also be implemented by computer software.
| LIGHT PENS VS. JOY STICK VS. RAND
TABLET—This trade-off decision follows the same
kind of consideration as Mechanical Keyboard vs.
Light Pen. That is, the choice depends on applicatioh—and in many cases it’s desirable to use all
three. In practice, the light pen is almost always used,
supplemented in some cases with the other devices.
132

J. GRAPHIC TERMINAL VS. SOMETHING
ELSE—I suppose it is a little late to raise this one—
because this is probably the first decision you will be
called upon to make. After all, there are other com
puter input-output devices . . . many much less expen
sive than a CRT Graphic Terminal!
Keyboards, printers, plotters, CRT alphanumeric
inquiry stations are available. Generally, the CRT
Graphic Terminal can be justified
1. Where “quick-look” fast graphic output is
needed, as in some types of pattern recognition
problems;
2. Where rapid dynamic graphic man-machine
communication is needed, as in computer-aided design,
on-line problem-solving and simulation;
3. Where the user’s understanding is enhanced and
response time decreased by a graphic presentation, as
in management information and command and control
systems;
4. Where you’re not sure, but you have a budget
which will let you find out!
5. SYSTEM SPECIFICATION
You have studied your application . . . you have
decided what performance you need . . . you have some
idea about what range of equipment characteristics is
practical. How do you get the system you want?
Basically, you have two choices. Either buy by a
manufacturer’s part number ... or write your own
specifications and invite manufacturers to submit pro
posals. In either case, it will be a good idea for you
to know what and how to specify a CRT Graphic
Terminal.
This section will develop a typical terminal specifi
cation to illustrate what might be specified and how it
might be specified. The areas in bold type are phrases
and terms that might appear in your specification.
The section closes with a representative specification
which might be submitted by the manufacturer in
response to your inquiry. ^
1. PURPOSE—It will be helpful to the manufacturer
' to know how the display will be used) Perhaps it will
allow him to propose trade-offs that will improve
performance or lower cost.
•M
2. DISPLAY CONSOLE—
2.1 Cathode Ray Tube—Specify any special CRT
or phosphor here, if you wish. Note whether
you especially want a bonded face plate, per
haps a filter to enhance contrast, and/or an'
etched face plate to reduce reflection.
2.2 Display Area—Specify how much working area
you want. The rest of your performance specs
should be based on this area.
2.3 Resolution—Specify what resolution you need,
typically in terms of spot size.1:* ’
2.4 Deflection—Specify how fast the deflection
should be, and if you care, what kind (electro
static or electromagnetic or a combination).
Alternately, you might describe a typical prob
lem and leave it to the manufacturer to decide
what deflection times (and other times) are
needed.
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2.5
2.6
2.7
2.8

Accuracy
Jitter
Repeatability
Stability—Specify number for these items
(2.5-2.8).
2.9 Input Devices—Specify desired input devices;
keyboard, light pen, etc. Describe any special
characteristics desired, such as an aiming circle
for the light pen.
2.10 Construction—Specify any limitations on physisical configuration, such as size, weight, air con
ditioning, etc.
2.11 Environment—Specify available power, the
range of room temperature, and any other
special factors such as shock or vibration.
3. DISPLAY GENERATOR
3.1 Function Generators—List what function
generators are wanted. Typical are:
3.1.1 Character Generator—Specify type (if
concerned), writing time, number and
type of symbols, any special code
requirements.
3.1.2 Vector Generator — Specify type (if
concerned), absolute or incremental,
time to draw vectors of defined length,
linearity, tolerable brightness variation.
3.1.3 Position Generator—Specify address
ability.
3.1.4 Dot Generator—Specify dot writing
time.
3.1.5 Other—specify any function modifying
program controlled features desired
such as size control, intensity control,
etc.
3.2 Computer—Specify which computer the display
is to be used with. Describe any special features ♦
in the computer which might affect the display,
State through which channels) the display is to
communicate with the computer.
3.3 Mode Control—Specify any special Mode Con
trol features desired such as strung or random
characters, strung vectors, program registers,
etc.
3.4 Construction—Same as Paragraph 2.9 for Con
sole. In addition, specify maximum desired
separation between Console and Display Gene
rator.
, 3.5 Environment—Same as Paragraph 2.10 for
Console.
As a result of your specification, the manufacturer
might respond with a document like that following.
Although he has responded to all your requirements,
there is still one major grey area .. . the meaning of
some of the specified values. Time spent with the
manufacturer ascertaining his understanding of such
things as “spot size”, “jitter”, “repeatability”, “settling
time”, and the like, will give you a better insight into
exactly what has been offered.
From then on, it’s simply a matter of settling on
price and delivery!
The Australian Computer Journal, Vol 2, No, 3, August, J970

(TYPICAL MANUFACTURERS RESPONSE)
SPECIFICATION FOR
COMPUTER CONTROLLED DISPLAY
TYPE CM10118
1. PURPOSE
The Type CM10118 Computer Controlled Display,
designed to operate with an XYZ Computer, facilitates
new concepts of man-machine communications for
computer-aided design. Using a 21 in. CRT, the
CM10118 provides completely flexible graphical _ and
alphanumeric formats and includes light pen capability.
Two cabinets comprise the CM10118.
2. DISPLAY CONSOLE
2.1 Cathode Ray Tube: 21EM10P31*. Bonded
safety glass. Neutral Density Filter. Etched
face plate.
2.2 Display Area: Manually adjustable to either
12” x 16” rectangle, or 15” diameter circle, or
13” square.
2.3 Resolution: CRT spot size typically 0.010” in
centre and less than 0.015” at edges.
2.4 Deflection: Magnetic deflection for large angle
positioning, and electrostatic deflection for
character writing.
2.5 Magnetic Deflection Channel Random Position
ing Time: 14 USEC, maximum.
2.6 Magnetic Deflection Channel Small Angle Posi
tioning Time: 3 USEC, typical.
2.7 Electrostatic Channel Bandwidth: DC to 5 MC.
2.8 Accuracy: ±3% of full scale.
2.9 Jitter: Less than ±0.01”. Can be further im
proved by line lock.
2.10 Repeatability: Less than ±0.04”.
2.11 Stability: ±0.5% of full scale, after
hour
warm up over eight hour period.
2.12 Keyboard:
2.12.1. Photoelectric, INVAC Series PK200,
or equal.
2.13 Light Pen:
2.13.1 Type: Fibre optics light pipe with
photo-multiplier, Aiming Circle, Enable
button.
2.13.2 Modes: Program controlled TRACK
and REFERENCE Mode.
2.13.3 Signal Output:
TRACK MODE: Logic “1” each time
excited by illuminated point on
CRT. Level persists typically for
1-10 USEC.
REFERENCE MODE: Logic “1” when
excited by illuminated point on
CRT. Level holds until computer
responds. Note that display pro
gram stops until either (a) com
puter responds or (b) enable
button released.
2.14 Housing: Attractive desk console, 30” W x
54-7/16” H x 36” D. The desk extends
approximately 16”.
»
2.15 Weight: 750 pounds, estimated.
* Other phosphors are available at no increase in cost.
m
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2.16 Power Supply: 120 VAC ±10%, 60 CPS ±3
CPS, 1000 watts, single phase;
2.17 Construction: Fully solid-state (except for
CRT), built to best commercial standards.
Modular chassis and plug-in circuit boards.
2.18 Operating Temperature: 25°F to 100°F.
3. DISPLAY GENERATOR
3.1 Function, Generators
• 3.1.1 Character Generator:
a. Type:
CURVILINE
Character
Generator. Stroke writing, combin
ing straight and curved lines.
b. Character Writing Time: 10 USEC,
maximum.
c. Character Vocabulary: 128 Symbols
available.
Code compatible with
ASCII.
3.1.2 Vector Generator:
a. Type: Continuous line generation.
Absolute or incremental, under pro
gram control.
b. Writing Time: 50 USEC, full screen
vector.
c. Intensity Compensation: Intensity
compensated for vector length,
resulting in substantially equal
brightness for vectors of any length.
d. Linearity: ±1%, exclusive of dis
play linearity.
3.1.3 Position Generator:
a. Type: Digital-to-Analog Converters.
b. Resolution: Up to 10-bit X (1,024
positions) and 10-bit Y (1,024
positions).
3.1.4 Dot Generator:
a. Writing Time: 1 USEC, typical.
3.1.5 Other Functions:
a. Size Control: Four character sizes
under program control, plus super
script and subscript.
b. Intensity Control: Four character,
vector, and dot intensities (in addi
tion to OFF) under program
control.
c. Blink Control: ..Character, vector,
and dot can be blinked under pro
gram control.
jw
d. Line Structure: Four vector line
structures available under program
control; solid, dash, dash-dot, dot.
3.2 Computer Interface
3.2.1 Computer: XYZ.
3.2.2 Communications: Compatible with the
XYZ DMA channel.
3.3 Mode Control: Strung character, dot, vector.
| See Figure 9 for Word Organisation.
3|) Auxiliary Line Drivers: Drive H character, V
I character, H position, V poshion and Intensity
up to 1000 feet, into 100 cable.
3.5 Housing: Cabinet, 72” H x 36”D x 30” W.
3.6 Weight: 500 pounds, estimated.
3.7 Power Supply: 120 VAC ±10%, 60 CPS ±3
* CPS, 500 watts, single phase.
m

3.8
3.9

Construction: Fully solid-state, built to best
commercial standards. Modular chassis and
plug-in circuit boards.
Operating Temperature: 25°F to 100°F.

APPENDIX
A Series M10000 High Speed DUALFLEC with an
Option D, Light Pen, plus a Display Generator which
includes;
Option B; High Speed CURVILINE Character
Generator
Option C: Vector Generator
Option E: Mode Control
Option Gl: Size Control (two sizes)
Option H2: Intensity Control (three levels plus off)
Option J: Level Changers
Option N; Line Structure
Option Q; Blink
and
Power Supplies, and Computer Interface.
Cables are provided to connect between the Display
and the Display Generator. Separation between the
Display and the Display Generator can be up to 300
feet.
The CM10093 displays points, strung characters in
two sizes, plus subscripting the superscripting and
vectors in two-line structures (dash, or solid). All may
be displayed in any of three brightnesses, or blinked as
selectively controlled by the digital input. Program
mable line margin control is included.
Upon receipt of a light pen signal, the display will
halt, will leave the contents of the Program Address
Counter on-line to the computer, and will send an
interrupt signal to the computer. When the computer
accepts the address, it will send a restart signal to the
display, which will then continue with its normal
disolay routine.
In order to provide a more uniform intensity with
different size display messages, the CM10093 contains
a Repetition Rate" Control to prevent Jrefresh rates,,
greater than a preselected amofint (typiqal 40 frames/
second).
>
Connection between the CM10093 and the PDP-8
are given in Table 1.
2, DATA ORGANISATION
The CM10093 Display System operates from
instructions in the form of consecutive 12-bit com
puter words. Basic operations are to: plot points,
write characters, and draw straight lines between
specified locations. Symbols, lines and dots can be
positioned with a resolution of 1,024 locations (10
bits) in both X and Y.
Characters may be written in two sizes; centred, or
as small subscript or superscript; in three intensities.
Characters are normally written in a typewriter mode
with program controlled margin set, carriage return,
and line feed-carriage return.
Dots may be randomly positioned, or incremented,
at increments of 0, ±2° or ±2* in either or both X
and Y. Under program control, any set of increment
values can be repeated for up to fifteen dots, without
using additional computer words.
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Figure 1 shows the organisation of the computer
words. Three types of words are used: Program Con
trol, Display Control, and Display Data.
Program Control words provide the PDP-8 JUMP
instruction operation.
Display Control words generally establish the opera
tion mode (such as dot increment, symbol, vector, and
packed symbol), while the Display Data words contain
the specific graphic element information, such as posi
tion, or symbol.
A description of the Word Organisation follows.
Bit 6 is logical “1” for all Control words and is logi
cal “0” for all Data words (except the packed symbol
data word).
Bit 1 is logical “1” for all Display Control words
and is logical “0” for all program control words. In
the Display Control words, bits 3-4 determine the
mode.
Each control word is 12 bits. All Data words are
12 bits. Vector Data requires two 12-bit words.
In each Display Control word, bit 5 is used to
enable the light pen for succeeding Display Data words;
bits 9-10 set intensity for succeeding Display Data
words; and bit 11 sets the Blink for succeeding Display
words.
PROGRAM CONTROL
This word is used with the Jump (JMP Instruction
to provide essentially the same program control opera
tions as in the PDP-8). Program Control words may
be interspersed with Display Control and Display Data
words without disturbing the display operation.
With bit 3 a logical “0”, the address in bits 5-11 is
the direct address (JMP) with bit 3 a logical “1”, the
location specified in bits 5-11 contains - the 12-bit
address to be placed in the Program Address Counter
(JMP*).
With bit 4 a logical “0”, the address (bits 5-11) *
is address specified of page zero.' With bit 4 a logical
“1”, the address (bits 5-11) is address specified of.,
current page.
The memory addresses for the display words are
supplied to the computer Memory Address Input from
a Program Address Counter in the display.
The Program Address Counter will always start at
address 0007g. The contents of this memory cell are
interpreted as an Indirect Address. Upon receipt of an
EOF message, the Program Address Counter will go
to the next address and wait for the start of the next
frame. Recycling of the display is accomplished by
the,, use of a 5407 (JMP* 7) instruction.
Typical Operation Time:
JMP,
1.0 USEC
JMP,*
3.0 USEC
(All typical Operation Times exclude computer
access time; total Operating Time is less than the sum
of Display and Computer Access time since most
computer access occurs during the Display operations.)
VECTOR MODE (10)
This mode is used to either randomly position dots
or to position the beam for succeeding dot, vector or
symbol modes, or to string vectors (lines). Frame sync
is also accomplished in this Mode.
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CONTROL WORD
This word is used to set the conditions for interpret
ing the following pairs of Data words as either beam
position, random dot position, or end of vector,
depending on bits 7, 8 (until a new Control word is
encountered).
With bits 7, 8 = 00, the beam will be positioned
only; with bits 7, 8 = 01, the beam will write a dot
after positioning; with bits 7, 8 = 10, the beam will
be controlled by the vector generator and the line will
be dashed; and with bits 7, 8 = 11, the beam will be
controlled by the vector generator and the line will be
solid.
Bit 6 is for Frame sync. Blink bit 11 is provided
for program compatibility but does not control the
display.
Typical Operation Time:
4.0USEC
DATA WORD
Bits 1-10 of the first Data word determine the X
Position and Bits 1-10 of the second Data word deter
mine the Y Position. Bit 11 of the first Data word is
used to blank the beam irrespective of any control bit
settings in previous Control words. Bits 11 of the
second Data word controls blink.
Typical Operation Time: Beamposition
17.0 USEC
Vector
50.0USEC
SYMBOL MODE (10)
This mode is used to string a series of characters
(one character per Data word) with each character
individually controlled for size, offset, intensity and
blink.
CONTROL WORD
This word is used to set the conditions for interpret
ing the following Data words as strung characters until
a new Control word is encountered.
Bits 7, 8 set the margin characteristic, according to
the following table:
00
NOP
Set Margin
01
Return to Margin
10
Return to Margin and Yine Feed.
11
The number of characters per line depends on the
character size as set in the Data word. Sixty-four
normal size characters or 128 small size characters fill
a complete horizontal line. Line Feed is based on 64
lines of characters per page. Intensity bits 9, 10 and
Blink bit 11 are for program compatibility, only, and
do not control the display.
Typical Operation Time:
4.0 USEC
DATA WORD
The character determined by bits 1-6 (see Table 2)'
will be written with the intensity determined by bits
9-10. Character size and offset will be determined by
bits 7, 8 according to the following table:
00
—normal, no offset
01
— small, superscript
10
—small, subscript
11
— small, no offset.
Typical Operation Time:
13.0 USEC
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Computer Display Devicesf
By Malcolm Macaulay

*

The purpose of this paper is to give the author’s views of the future of computer
display devices. This class of equipment has been used with computers from the very
beginnings of the industry. The technology of display equipment will undergo little
change in the next decade. As computer equipment complexity , increases, display equipment
except for remote terminals will tend to become less complex. Because of their importance
as a communication means between man and computer, the use of display devices will
increase and become proportionately greater in future computer systems.

Cathode ray display devices associated with com
puters have been employed since the very early days.
The literature of the early fifties, specifically the
Whirlwind 1 Program of 1950, describes the use
of cathode ray tube display units for communication
between the user and the machine. To some extent
this early use of displays was natural. The memory
devices employed in those early computers were
electrostatic storage units or CRTs. It was possible
to program the location of bits in memory in a
computer in such ways as to make visible messages
on the storage surface itself. Often engineers wrote
messages as a joke in this way. In 1954 the ERA
1103 computer (later known as the Univac Scientific),
probably the first large-scale production scientific com
puter, was equipped with a scope display unit. At
about the same time IBM offered a CRT plotter with
the 701 system. This early scope display equipment
was a very simple device, a point plotter only, but
ingenious programmers provided elegant demonstra
tion facilities for generating transcendental function
plots, such as cardioids, roses and the like and a
number of other ingenious display games. One of
these that was demonstrated in 1955 was a game
in which the observer was required to determine the
elevation and azimuth of a hypothetical anti-aircraft
gun in an attempt to “shoot down” a moving aircraft
displayed on the, screen. If the observer was success
ful in guessing the appropriate azimuth and elevation
coordinates and entering them into The computer
registers, he would score a hit and see the target
disintegrate before his eyes.
Most of the early applications were not dedicated
to truly functional needs except in some classified
military programs such as SAGE and the Naval
Tactical Data System. SAGE was a large computer
with multiple on-line display terminals. It wasn’t
until |1958 when the Naval Tactical Data System was
first demonstrated, that we saw the use of a multiple
access multi-processor multi-programmed system with
on-line real-time display equipment.
In the development of NTDS many of the engineers

found the displays useful as active on-line means for
program debugging and general data entry and retrieval
as well as monitoring means for following the course
of computation. At about the same time as these
developments were proceeding in NTDS, work was
underway at MIT on Whirlwind 2 directed towards
the application of computers and displays to the solu
tion of graphic problems, that is, problems of con
ventional geometry of the sort that are encountered
normally in the engineering drafting room. Dr. Norman
Taylor and Dr. Ivan Sutherland of Massachusetts
Institute of Technology were instrumental in develop
ing a graphical data processing technology that has
created a great deal of interest in recent years. (See
Sutherland (1963).)
We have seen display equipment change character in
the two decades of its existence. In the first decade,
the display devices were relatively simple and un
sophisticated, the computer performing the burden
of the work. This era was the period from 1950-60
largely. From 1960 to the present day 1'970, we
have seen a change' in the philosophy) at; the use of
displays, the display equipment# becoming"*increasingly1*
complex. An object of this paper is tp attempt to
predict the direction of display technology.
The first prediction is a gloomy one. The author
believes that the ngxt decade will show little alteration
in the component# available to the display equipment
engineer. Although we have been promised revolu
tionary nep display mechanisms, specifically the plasma
display panel and the electro luminescent screen, the
cathode ray tube will continue to dominate the field.
The reason for this belief is relatively simple, as simple
as a cathode ray tube itself. A single source of electrons
deflected to the display point desired is easy to control.
A display panel with hundreds of thousands of points
each of which must be individually selected is difficult
to control. Secondly, the cathode ray lube is in com
mon mass production, the television industry literally
consuming millions of these devices each year. Com
petitive equipment will be very hard pressed to offer
economic advantages. To dramatise this statement

f This paper was presented at the Computer Communication and Display Conference held in Sydney from 29th June-2nd

July, 1970. A number of the papers read at the Conference are being published in the Journal because it is felt they deserve a
wider distribution. (Editor)
* Chairman, Information Electronics Limited, Canberra.
m
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one need only consider the basic fact that the most
expensive component of a conventional cathode ray
tube is the glass envelope from which it is made. The
engineers who have sometimes rather irreverently re
ferred to a cathode ray tube as a “bottle” aren’t far
wrong in their understanding and appreciation of its
largest element of cost. This prediction about the
display medium however, is not altogether gloomy, for
there will be a lowering of cost and an increase in
function through an increasing use of the techniques
which have been developed over the years by the
television industry. The specially designed restricted
scan displays that have been common in recent years
will fall in favour as logical engineers are able to
exploit the full raster scan techniques of the television
industry. There are three technical bases for this
prediction. Firstly, the cyclic regular full raster scan
technique greatly simplifies the problems of generating
the high tension voltage needed to drive the cathode
ray tube, thus reducing cost somewhat. Secondly,
and perhaps more importantly, the full scansion of
the cathode ray tube surface greatly simplifies data
entry from the CRT screen. In other words, the
implementation of light pen techniques is very much
facilitated by employing television technology. Thirdly,
and most importantly, published human factors studies
have established the advantage of selectable image
polarity and dot matrix character formation in reduc
ing operator error. Clauer, Neal and Erdmann (1966)
conducted experiments in image polarity preference of
subjects and in human reading error rate as a function
of ambient light and image polarity. When black on
white (positive) images were viewed, fewer errors
occurred under low ambient light than under high.
When white on black (negative) images were viewed,
fewer errors occurred under high ambient light. In
spite of variation among subjects some choosing one or»
the other polarity consistently, the results showed a
general preference (76 per cent) for black on white
images under low ambient illumination and similarly
high average preference (71 per cent) for white on
black images under high ambient illumination. The
full raster scansion of a television system has the
advantage of presenting either positive or negative
images at the user’s whim simply by inverting the
video signal polarity.
Studies of the affect of character formation tech
niques on symbol legibility have been recently reported
by, Vartebedian (1970). He found that dot matrix
symbol generation was superior in legibility to stroke
symbol generation. The common 5x7 circle dot
character produced a 65 per cent reduction in reading
error when compared with stroke upright characters.
Since the dot matrix character generating technique is
particularly applicable to television displays, the ad
vantages of that technique are obvious.
Another consideration which is not fundamentally
a technical one, but which is important from the
user’s point of view is that television methods are
adapted to the use of other than computer inputs.
Those of us in the computer industry tend to ignore
the fact that there are many other devices that are
useful for collecting and transmitting information. A
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television camera is one such device. A display
mechanism which can permit simultaneous or inter
mixed or sequentially selected display of either infor
mation from conventional television sources or infor
mation from computer sources has a range of appli
cation which is yet to be exploited. Applications in
education and in seat reservation systems for theatres
and airlines are obvious, but many others will be
evident as equipment becomes more common.
In summary, the first prediction is that conventional
presently existing display techniques will dominate
during the next decade and that the television and
computer display technologies will intermarry so that,
by die end of the decade, vector generating and re
stricted scan devices will be largely of historical interest.
The second prediction is that display terminals will
begin to return to an earlier simplicity. At the
moment the computer is a very complex equipment
in the mind of the layman but computer designers
are capable of devising machines with much more
sophisticated hardware. There is a tendency in the
computer industry to not make the computer as logic
ally sophisticated as current techniques justify. Cer
tainly as the technology has developed and the cost
of logical elements has decreased, it would make sense
for a computer designer to build more and more
sophistication into his product. However, the tendency
has been to leave the logical complexity constant and
to reduce the price. Some computer manufacturers
have built more logically complex machines but pro
duction emphasis today rests at a level of logical
complexity not greatly different from that found in
production computers of the late fifties. The result
of this design philosophy has been a reduction in the
cost of computers. However, it has not contributed
as much to the reduction of total system cost or
increase of function that the user might hope for.
The aforementioned increasing complexity of display
devices arises from this computer design philosophy.
Thus a display device must incorporate editing fea
tures permitting operators to add lines, insert char
acters, insert words, delete lines and perform another
of any number of relatively complicated or logically
difficult tasks without involving the computer. Al
though this may make sense, for remote installations
where a computer is not readily available, it seems
economically illogical in the environment close to a
computer, since computers can perform more logical
operations per dollar on the average than the special
purpose hardware can provide. The feeling about the
tendency to increase logical complexity in displays is
that we shall see an alteration of computer design
philosophy and that by 1980 production display equip
ment will be no more complex than those devices that
we are currently producing in 1970. However, some
time in the middle of the decade, equipment will be
come on the average more complex than it is today.
In other words, over the next 10 years there will be
little change in the nature of the product. That is,
the 1970 models and 1980 models will be very much
alike, but the 1975 models will have more gadgetry.
The next and last prediction is an old prediction,
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in fact it is much like the Shakespearian expression
“there’s no news but the old news”. The old news
and the new news being that display devices have a
future. This future is predicated upon the presumption
that computer display equipment will make easier the
task of communicating between man and machine. A
computer is no more useful than the people in control.
It can perform no mystic functions, it has no magic,
the computer is simply a tool to amplify the user’s
intellect. Unfortunately for the layman, this ampli
fier speaks and thinks in a binary language too simple
for humans, a sort of sub-pidgeon as it were. Although
experts in recent years have created a large number
of new intermediate languages which are allegedly
easier to use, they must all be learned and communi
cation is still rather difficult for the uninitiated. Display
devices can help to bridge this gap and make it easier
for laymen who do not command the other languages
to communicate more directly with the computing de
vice. In other words, displays can fill a need in
supplying a bridge between the ordinary needs of
ordinary people and the extraordinary capabilities of
these extraordinary computing machines.
In reprise, computing display devices are as old as
computers and are as much a part of computers as
programs, storage, arithmetic units, input, output and

the other commonly recognised elements. In predicting
the future, the author believes that the technology of
display equipment will remain relatively static in the
next decade, that no new revolutionary devices will
appear on the market. The complexity of display
terminal equipment is nearing its peak and the next
decade will see a relative slight increase in complexity
followed by a slight decrease in complexity so that the
devices of 1980 are roughly equivalent to those cur
rently available. The final prediction is that display
equipment is inherently important as a communica
tion medium between people and machinery and that
the use of display devices will be increased and pro
portionately rather greater in 1980 than it is today.
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Council Notes
Officers
At the meeting of Council held in Sydney on 25 and
26 May, 1970, the following office-bearers were
elected:—
President: Mr. R. W. Rutledge (Colonial Sugar Refining
Co., Sydney).
Vice-President: Mr. B. W. Smith (Compunet Ltd.,
Canberra).
Honorary Secretary: Mr. B. H. Crook (Department
of Defence, Canberra).
Honorary Treasurer: Mr. K, G. Ernst (Brisbane City
Council, Brisbane).
'
The Editor and Business Manager of The Australian
Computer Journal (Dr. G. N. Lapee and Mr. A. A.
Taylor) were re-elected.
. '
\s
General
The membership of the Society at 31 December,
1969, was 3,622 personal members and 88 Correspond
ing Institutions, an increase of over one-third in
personal membership in the twelve months since 31
December, 1968.
The revised Constitution and By-Laws, referred to in
previous notes, were approved by the membership in
the bJllot held in February, 1970. The new member
ship grade of Associate will therefore come into use
on 1 January, 1971, when the required length of
experience for the grade of Member will rise from
two y'ears to three.
Council discussed the possible formation of a Tas
manian Branch and took action to support efforts to
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establish the strength of possible membership of such
a branch. In addition, it is expected that the Computer
Society already established in the Territory of Papua
and New Guinea will at some stage apply for Branch
status in the A.C.S.
Council also discussed, at the May meeting, admini
strative problems arising from the growth > of the
Society, sand agreed in principle to establish a position
of Executive Secretary to control the day-to-day
activities of the national secretariat. Further details
will be discussed by a Centralization sub-committee.
The Society has now taken over, from the former
ANCCAC, membership of IFIP and is also the national
member of IAG, tjb IFIP Administrative Data Pro
cessing Group. Copies of the IAG publications are
available through the Society at the following con
cessional rates per annum:
^“Communications” (bi-monthly) ................... $9.00
“Quarterly Journal” .......................................... $18.00
“New Literature on Automation” (monthly) .. $22.50
One of the Society’s own publications, the booklet
on Computer Courses in Australia, has been revised
and reprinted. Copies are available from the Honorary
Secretary at a cost of 30c per copy prepaid. Reductions
are available for bulk requirements.
*
Planning is proceeding for the Fifth Australian Com
puter Conference, to be held in Brisbane in 1972. The
venue for the conference will be the University of
Queensland campus, at St. Lucia in Brisbane and the
Organizing Committee is under the chairmanship of
Mr. C. N. Barton.
(Continued on Page 144)
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Vocational Interests of
Computer Programmers
By J. L. Morris and M. Parkinson

The inventoried vocational interests of fifty computer programmers were investigated.
The Geist Picture Interest: Inventory was used and “strength of interest” scores were
expressed in two forms. One scoring system gave the rank order over eleven vocational
categories based on means of individuals’ scores. Individuals’ scores in each category
were derived by taking the proportion of expressed first preferences to the total number
of items offered for choice within each category. The second method used a normative
sample against which raw scores within each category were compared. Both systems were
consistent in identifying computational and literary interests as dominant. Scientific
interest is strong when the rank order method was used but not when individuals’ scores
were related to the normative sample.

Introduction
Educational-vocational counsellors are ever alert to
the need for more and better information concerning
occupations popular among school leavers. In this
connection one notes the need for information concern
ing the burgeoning data processing industry. This
industry provides some of the most outstanding
vocational opportunities available to youth in the 1970’s
and jobs range from the relatively lesser skilled punch
operator and machine processors to the elite career
lines of programmer and system analyst.
Over the years the vocational interest inventory has
proved one of the most reliable and valid of the
vocational measurement techniques available to the
counsellor (Super and Crites, 1962). Typically, the
device is used to assess an individual’s relative pre
ference for activities, the large number of preferences
is then reduced to scores over a smaller range of
categories (usually about ten) and then to the degree
or strength of the preferences of category scores are
related to preferences expressed by other persons in
general or to those working in specific occupations.
The intention behind the counselling use of the
vocational inventory is to reduce decision errors arising
from inadequate knowledge and erroneous popular
occupational stereotypes.
In general there are three kinds of interest measure.
There are those which directly compare the interest of
the individual with those of persons employed in
specific occupations. The Strong Vocational Interest
Blank (SVIB) (Strong, 1959) and the recently pro
duced Kuder Occupational Interest Survey, Form DD
(Kuder, 1966) are examples of this type of instrument.
Then there are instruments which assess the relative
strength of interests among various categories such as
mechanical, artistic, social service, etc., from which
generalisations can be made about the appropriateness
of various fields of work. The popular Kuder Preference
Record, Form CH (Kuder, i960) is an example
of this type. A third variety of instrument*

differs from the two varieties mentioned above in the
nature of the stimulus items. Here pictures are used
instead of verbal cues. However, strength of preferences
may be indicated in the same manner as for the other
varieties of inventory. Examples of the picture
inventories are the Geist Picture Interest Inventory
(GPU) (Geist, 1964) and the Weingarten Picture
Interest Inventory (Weingarten, 1968).
Perry and Cannon (1967) investigated the voca
tional interests of computer programmers using the
SVIB and reported that the sample male group showed
no very high mean scores—none in the A range.
Neither were there any extreme reject scores. However,
six of the means scores, optometrist, chemist, engineer,
production manager, math-science teacher, and senior
CPA (certified public accountant) fell in the B plus
range while osteopath, rehabilitation counsellor and
life insurance salesman fell at/or about the C range.
The researchers suggested, in summary, that the most
striking characteristic of programmers is their interest
in problem and puzzle solving activities both mathe
matical and mechanical: that they show some liking
for research activities and an avoidance of routine.
They also commented on their disinterest in people
and activities involving close personal interaction. Perry
and Cannon then went on to establish specific pro
grammer keys for the SVIB.
The occupation of computer programmer is also
included in the Kuder Form DD. However, in this
form of interest measurement no data is provided on
the interest structure of the occupation but rather a
correlation coefficient is given which indicates the
similarity of the respondent’s interests to the interests
of a sample of programmers.
The conclusion, from a review of the literature,
was that a need existed to supplement data concerning
the interests of programmers particularly using an
instrument which reports scores on a category, basis
rather than similarity with specific occupations as
does the SVIB and Kuder DD. The choice of instru-

*University of New South Wales, Wollongong, N.S.W. 2500. Manuscript received May, 1970.
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ment used in this study was made on the following
bases: firstly, the category method of reporting results
has proved very popular with counsellors of school
age youth, secondly, the data processing industry is
of interest to many newly developed and developing
countries and a technique which has been used in a
number of these countries is to be preferred. In
addition, where an instrument is to be used with a
large migrant population then one which relies mini
mally on verbal cues is to be preferred. The choice
for the experiment was the Geist Picture Interest
Inventory, using category scores and picture cues. This
inventory has been developed in India, Japan, U.S.A.,
Portugal, and South America.
Instrument used
The GPU Picture Triad Booklet: Male (Form M)
was used. This contains 44 triads of drawings, repre
senting major vocations and avocations. There are 132
drawings in all: 113 activities and 19 objects associated
with activities. Under each triad are questions which
enable the examinee to think in terms of the drawings
rather than in terms of convention or status, e.g.,
which picture is most interesting to you? Or, which
picture would you like to learn more about? Each
picture is representative of a category of work. There
are eleven interest areas for males: persuasive, clerical,
mechanical, musical, scientific, outdoors, literary, com
putational, artistic, social service, and dramatics. This
grouping, with the exception of “dramatics”, is a con
ventional scheme of the world of work as used in
interest measurement.
Procedure
The fifty subjects were males employed as pro
grammers by the Australian Iron and Steel Company
at Port Kembla, N.S.W. 25% of the sample were
designated systems analysts but continued to do some
programming work. The average of the sample was
approximately 27 years and 35 persons were under 30
years of age. All subjects had attained matriculation
standard and approximately half the group had
tertiary qualifications in various disciplines: arts,
science and commerce. Ten people had completed
degree courses, the remainder having, either diplomas,
or certificates, or partly completed degree qualifications.
The length of employment as programmer varied.
All subjects had undergone formal programming train
ing. 18 persons were trained four or more years ago,
the other 32 had all qualified in a six month full-time
programming course. Each subject was interviewed
to elicit co-operation and asked to complete the GPU
in his own time.
Since Australian norms are not available for any
of assessment techniques mentioned above the follow
ing method of reporting scores was adopted. Occupa
tional cftegory scores were expressed as a ratio of the
actual dumber of first preferences made within a
category to the number of choices possible in that
category. That is, if there were 16 pictures representing
mechanical interest and if the respondent chose 8
of these as his first preference then his category
score for mechanical is 50%.
Such* a method of reporting results indicates the
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relative strength of preference the individual has among
a range of categories. However, it does not indicate
whether these interests are lower or higher than those
of persons of similar age and background or persons
employed in various occupations. The GPU Manual
(Geist, 1964) reports norms in T-Score form for
University of California, Berkeley, freshmen and
sophomores. With some reservations concerning the
appropriateness of the norm group for the sample of
programmers used in this study, the data obtained were
evaluated against those norms. In any event they are
the most appropriate available considering the back
ground and career patterns of this sample.
Results
Means and standard errors* for the sample,
expressed in percentage form as described above, are
shown in Table 1. A histogram showing the mean
interest profile is shown in Figure 1. The profile which
would be obtained using U.S. mainland norms (U. C.
Berkeley) is shown in Figure 2. %
j
TABLE 1
\
. .►Means, and Standard Errors of Scores of 50 Computer
%
\
Programmers on the GPU
Scale
Outdoor ....................................
Mechanical
...........................
Computational
.....................
Scientific”' .................................
Persuasive ...............................
Artistic
Literary
Musical
Social Service .......................
Clerical
............
Dramatic
.........

Mean %

Standard
error

32.4
30.9
57.3
50.4
29.1
36.6
45.6
24.3
30.8
22.5
18.4

1.9
2.4
1.9
2.4
0.8
2.1
2.6
3.0
1.8
1.9
2.3*

*Standard errors of measurement (<r meas) are given here
to indicate th degree of unreliability of each scale:
<r meas =(1 — ru)l where o-i is the standard deviation
of a scale and ru is the reliability coefficient of the scale.
One can say with 68% confidence that a true score in any
scale lies within plus or minus one <r meas from the observed
score. Thus the standard error is a more useful statistic for
evaluating the significance of differences between scales than,
for example, the standard deviation alone (Anastasi, 1968,
p. 94).
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Figure 2 — Vocational interest profile of computer pro
grammers (based on U.S. Mainland Norms. “T-Score” —
standardisation group statistics are expressed in a normalised
standardised distribution with a mean of 50 and a standard
deviation of 10. Raw scores of the experimental group are
then expressed as T-scores. Thus, the sample mean of 72 on
“computation” is approximately two standard deviations above
the standardisation group mean. (Anastasi, 1968, p.55.)

It is apparent that programmers used in this sample
and assessed using the GPU show strong personal,
relative preference for computational, scientific, and
literary activities. The profile is relatively flat and there
are no strong reject areas. The relatively low areas
of dramatic, clerical, musical, and persuasive tend to
support Perry’s and Cannon’s contention that pro
grammers have a dislike of routine (clerical) and
activities involving close personal contact (persuasive,
dramatic).
By comparing the two interest profiles, the personal
hierarchy (Fig. 1) and the profile using a norm group »
(Fig. 2) a similar pattern is found with the exception
of the scientific area. That is, if one counselled using
the norm group method one would look for a pattern
of high computational, literary and otherwise a fairly
flat profile. Using a within-individual scale of pre
ferences one would include scientific but otherwise
expect a fairly flat profile.
Discussion
The results obtained indicate a strong interest of
programmers in computational and literary activities.
Using a personal hierarchy frame of reference one
would include scientific interest while this addition
may not be supported when the strength of interests is
compared with a norm group. There are grounds for
agreeing with Perry and Cannon that programmers are
characterised by interest in problem solving and
research. However, there is little support for their
assertion that mechanical interest is a strong
component.
Of course the present study did not set out to refute
or support Perry and Cannon’s study since the basis
of reporting scores is different in both and'the need
to supplement existing information has been
emphasized. In fairness to the present study it should
be pointed out that those researchers were extrapolating
The Australian Computer Journal, Vol. 2, No. 3, August, 1970

from specific occupational keys on the SVIB. There
fore, the weight they give to mechanical interests is
indicated by the B plus score on engineering. However,
their SVIB profile shows industrial arts teacher with a
mean score of in the C plus range only.
The Dictionary of Occupational Titles (U.S. Dept,
of Labor, 1965, p. 563), based on continuing job
analyses of occupations in the United States, does not
list any mechanical tasks in a two hundred work job
description of the digital-computer programmer. The
description emphasizes the conversion of symbolic
statements and the production of diagramatic repre
sentation of problems. Therefore, the finding of this
study concerning computational and literary interest
is consistent with the job description. The literary
interest, not previously commented on by other re
searchers is in keeping with the use of “computer
languages”. Programs are expressed in a number of
languages, the nature of the problem and the available
machinery setting the parameters for the form of
syntax and language used to process data. Indeed,
even after feeding a set of data into a computer in one
language it may need translating into another before
further processing may take place. Translation rules
are precise enough so that translation may be done
by machine. The devising of languages and translations
are part of the duties of the programmer.
The finding concerning scientific interest is enigmatic.
Although Perry’s and Cannon’s results show chemist
in the B plus range on the SVIB physicist is in the
middle of the C plus range. Until further evidence
is available the outcome of the present study is sub
mitted as a reflection of the true state of affairs. That
is, programmers have a high preference for scientific
activities relative to other kinds of interest but in terms
of the reference or norm group they do not rate higher
than the average university student. Nevertheless, the
norm group used does not permit this interpretation
to go unchallenged. Berkeley accepts only an elite
section of graduating high school seniors. In addition
the campus has an extremely high reputation for the
excellence of its scientific program. It is reasonable to
suppose that the norm group may have a much higher
scientific interest than students in universities from
which the sample used in the present study was drawn.
At the present time the production of norms for the
GPII for Australian student! is in hand. Problems
such as the importance of the scientific category in the
interests of computer programmers may have to await
the outcome of this phase of interest research.
In conclusion, the present study has further defined
the vocational interests of computer programmers as
high computational, literary and (with reservations)
scientific. The remainder of the typical profile is flat
with no marked areas of rejection although inter
personal activities are well represented among the
lowest categories. It is likely that many agencies em
ploying computer personnel are developing selection
and evaluative techniques. However, it should be noted
that, where psychological tests are used, the research
should be conducted under the supervision of a person
approved under the relevant Psychological Practices
Act in the State in which the research is conducted.
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Book Reviews
Proceedings of Fourth Australian Computer
Adelaide, South Australia, 1969.
2 volumes, 728 pp. pub. The Griffin Press.

Conference,

(In accordance with the policy described in the last Editorial, two people
were asked to provide detailed reviews 'of this major work on Australian
computing. These reviews have different points of view and both are
published below. Editor).

Review by P. R. Masters.

These two volumes provide an almost complete record of the
Conference. Volume 1 contains all but two of the contributed
papers. Volume 2 contains a report of the opening ceremony,
the three congressional lectures, the keynote addresses by the
Principal Speakers, two technical papers which were not avail
able at the time of publishing Volume 1 and as much of the
discussions following the technical papers as could be recorded.
In addition there is a Computing Reviews Categories Index in
both volumes.
A reviewer of Conference proceedings has two main con
cerns:
• How valuable are the Proceedings as a contribution to the
literature on computers?
• How well do the Proceedings represent what actually took
place?
The Conference covered an extremely wide range of topics.
It was divided into three main streams and each stream was
further sub-divided. The Proceedings are structured in a similar
manner with the following main headings:—
Commercial, Industrial and Management topics:
Management information systems.
,
Data processing administration.
Scientific methods in commerce and industry.
Special data processing applications.
Software and data processing programming.
Computer Technology, Hardwarejand Software topics:
Hardware technology and §rchitecture. j_»
Realtime, operating and console orientdS systems.
Software systems.
Systems and scientific programming and simulation.
Scientific, Professional and Academic topics:
,,
Computers in education.
'
Numerical analysis.
Scientific applications.
Social sciences and medical applications.
Engineering applications.
A total of 103 technical papers are reported, excluding the
keynote addresses. This means that the reader interested in one
off, the fourteen sections listed above will find some seven or
eij|ht papers on the subject, together with discussion and per
haps a keynote address.
The quality of the keynote addresses is high, that of the
contributed papers is variable. This is inevitable with so many
authors but the conference organisers are to be congratulated
on achieving such a wide coverage in a country where the
computer population is no more than approximately 1000. In
the commercial group of topics an excellent picture is obtained
142

of the “state of the art” as it existed in Australia at the time of
the Conference. Overseas readers will find that in spite of the
low computer population, the systems described and the tech
niques used are the equivalent of those operating anywhere
else in the world in similar sized organisations. Of particular
interest are a number of papers describing computer uses in
manufacturing operations, an area of operations that in general
tends to lag behind the simpler commercial applications such
as debtors and sales analysis.
The reporting of the discussions is less successful and one
must query the value of the effort that has obviously been put
into collecting and editing the material. This is partly due to
the separation of the discussions into a second volume so that
it is difficult to read the discussion reports in conjunction with
the paper, and partly due to the personal nature of the ques
tions asked which makes them difficult to interpret on a
general basis.
From the reader’s point of view, the ideal way to report
discussion is to include the questions and answers as ex
planatory notes to the text of the paper. This cannot be done
of course if the papers are published in full prior to the Confer
ence and this leads to consideration of the second question—
how well do the Proceedings represent what actually took
place?
The presentation of a Conference is a major task and it is
understandable that the organisers need to have a; clear picture
of what papers will,be available and of t^eii; standard so that
a balanced and high quality pirogram can he'-drawn up. At
Adelaide, summaries of proposed papers were required to be
in the hands of the Papers Committee about^ 10 months before
(lie Conference and final versions were required 4 months
later. In a field where developments occur so rapidly, there
is a tendency for a paper to be out of date by the time it is
presented and the|author is in a quandary wishing to update
his paper but undble to do so to any large extent because his
paper has already been published in the form in which he is
expected to give it. Furthermore, because speakers tend to
leave the preparation of visual aids until close to the time at
which they have to speak, papers printed in advance tend not
to be illustrated with the diagrams which may be essential to
their ready understanding.
The overall consequence of this situation is that the Pro
ceedings do not represent as fully as they might what actually
took place. There seems to be a case for publishing only sum
maries or abstracts in advance, thus giving authors greater free
dom to vary the text of their paper before it is printed in full
and to incorporate explanatory comments .on questions asked at
discussion time, along the lines suggested above.
This is perhaps a minor quibble in what is undoubtedly a
most valuable contribution to computer literature. For most
delegates to the Conference, there were three outstanding con
tributions. These were the two Congressional Lectures “State
of the Science—Trends and Implications” by Mr. K. M.
Archer, “Research and Progress” by Professor R. N. Robertson
and the Keynote Address “Computer Technology and the Man
agement Process” by Mr. H. Wayne Nelson. Although the
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written word can never fully convey the enthusiasm of the
author for his subject (particularly Wayne Nelson) all three
of these papers contain a stimulus and vision which are worthy
of frequent study.
Review by C. S. Wallace
The organisers of the fourth Australian Computer Conference
have made the interesting experiment of publishing its proceed
ings in two volumes. The first volume, of about 600 pages, con
tains the bulk of the contribuled papers and was published be
fore the conference. The second volume, of 128 pages, was
published about nine months after the conference. It contains
the texts of the invited addresses, reports of the discussion on
technical papers, an author index with references to discussions
as well as papers, and a couple of contributed papers which
presumably arrived too late for inclusion in volume one.
Whether or not the experiment is to be regarded as success
ful depends on one’s view of the aims of having a conference
and publishing its proceedings. What do we look for in a
conference paper different from what we would expect in a
paper published in a periodical journal, and to what extent are
the special virtues of a conference^ paper transferred to its
printed form in a published Proceedings? There is a place in
a conference for survey papers which depict the existing frame
work of the art, and erect a context of values, objectives and
possibilities within which other papers may set. While a few
such papers are published in periodicals, notably Computing
Surveys, their proper venue is surely the conference, where the
context they create may immediately be applied to, and tested
against, a cross-section of current work as reported in the con
ference. Likewise, some speculation and contentious papers
benefit from conference presentation if they serve as the
stimulus for vigorous discussion.
The two outstanding such papers presented in the technical
computing area were keynote addresses: the highly exploratory
“Trends in Automation of Computer Design” by Glushkov, and
“Computational Methods in Physics and Mechanics” by
Dorodnicyn. These two papers, both wide-ranging in their
implications and forward-looking, remain interesting and valu
able- when reduced to print, but unfortunately lose some of
their impact because no other papers were delivered on directly
related material.
The other principal virtue one might expect from conference
papers is topicality—the reporting of work recently completed
or in progress. Here, the policy of having the contributed
papers published in advance of the conference is obviously dis
advantageous. Summaries had to be submitted almost a year
before the conference was held, and where the papers concern
ed work in progress, the speakers not infrequently found them
selves giving talks quite different from, and even contradicting,
their published texts. Unfortunately, the changes in attitudes
and conclusions of the speakers between writing and delivering
their papers cannot always be deduced from the discussions
reported in Volume 2. Indeed, in one or two instances,
points raised in discussion might be incomprehensible to some
one who has only read the paper in Volume 1, and did not hear
it delivered. Thus, the principal advantage of prior publication
of papers, namely the opportunity it gives for the consideration
and preparation of critical and pertinent points to raise in dis
cussion, was somewhat vitiated. The discussions, as reported
in Volume 2, all seem to centre round the verbal delivery of
the papers, with most of the questions resulting in little more
than minor clarifications or elaborations. Their value to
4 someone reading the papers in Volume 1 is questionable.
The overall effect of the two-volume publication policy is to
have produced a Volume 1 of papers not significantly dif
ferent from what one might expect to find published in, say,
the Australian Computer Journal, and a Volume 2 of
generally excellent keynote addresses and rather uninformative
discussions. The conference organisers gambled on the hope
that providing published papers in advance would lead to dis
cussion worth reporting, but I fear the participants let them
down.
Far and away the most interesting discussion to emerge from
the technical sessions was the forum on Data Transmission,
based on the papers by Timms (p. 107) on on-line communi
cation, and Godwin (p. 113) on communications for timeshared computers. Some very illuminating exchanges illustrated
The Australian Computer Journal, Vol. 2, No. 3, August, 1970

how far we have to go before the data communication facilities
available will satisfy all prospective users and the P.M.G. will
be satisfied with its customers.
It is hard to know what policy might make the Proceedings a
more memorable publication. Perhaps, being wise after the
event, one might suggest that prior publication of papers be
restricted to a publication of summaries, and whether or not
this is done, that authors be given the opportunity and re
sponsibility of editing the discussion and relating it to the
body of their papers, for instance, by referring each point of
the discussion to a paragraph or figure of the paper, as if it
were a footnote.
When one comes to examine the individual papers (and I
now restrict myself to the sections on Computer Technology
and Scientific and Engineering Applications), one is again
struck by the fact that most of the papers are merely good
routine papers which might be found in any journal at any
time. There is no impression of their. summing up progress
in the three years since the last Australian Computer Confer
ence in 1966, or of their laying out the guidelines for the next
three years. They are simply papers which happen to have been
delivered at the conference rather than published in a periodical
because it was conference time. The exceptions to these re
marks are few. Besides the keynote addresses already mention
ed, Allen and Pearcy (p. 227) give some insights on the possible
influence of LSI technology on computer architecture, Jones
and Purcell (p. 241) sketch out the CDC philosophy of “dis
tributed computing” applied to very large systems, and Northcote (p. 313) and Marceau et al. (p. 481) survey the profits and
pitfalls awaiting us in the Illiac IV array computer. Stanton
(p. 279) gives a good survey of current techniques and problems
in graphic processing, but works entirely within the context of
current hardware, which perhaps biasses his emphasis towards
the problems of representing graphic information within the
linear stores of current machines. Smith’s “Decision Tables
Revisited” (p. 295) reviews the pros and cons, but principally
to introduce a decision-table extension of PL1. Ben-Aaron
(p. 307) has interesting ideas on modular programming as a
route to standardisation. Poppins’ “Numerically Controlled
Machine Tools” (p. 333) and McNaughton and Porter’s paper
on simulation models (p. 383) each surveys a large field too
briefly to do it justice.
Overall the papers give indications of the current direction
of computing in Australia. Of course, the “sampling errors”
can be misleading, as in the area of computer hardware. Here,
the only Australian work reported concerned a simple hybrid
computer (Wong, p. 209) and a disc-file interface (Posolen,
p. 203). No paper described the substantial local work on
display and data entry devices. However, some trends do
appear fairly definitely. One of these was the notable concern
of local authors with immediately practical problems. Most
of the work described was relatively modest in aim, but tackled
with realism and competence. For instance, the software
systems described were mostly working or within sight of
working. Notable examples of useful working systems include
the home-modified multiprogramming system for an IBM
360/50 described by Butterfield (p. 355). In this system some
quite minor changes to the manufacturer’s software achieved
a substantial increase in throughput. The Plitran macro trans
lator extending and written in PL1 (Bayes, p. 291) is a wellmotivated and well-implemenfed development. A limited but
efficient remote terminal system described by Bellamy et al.
(p-. 267) uses a PDP8 home-grafted onto a CDC 3200 to act as
a communications multiplexer and buffer. These papers are
typical of the several solid and competent, if not very startling,
local systems developments reported. One may conclude that
it remains true that manufacturers’ systems are still capable of
considerable improvement. An obvious change since the last
conference is that time-sharing systems are now taken for
granted, and comment centred on questions of efficiency and
grumbles about existing systems instead of blue-sky predictions
of how multiprogramming was going to solve all problems.
The section on Computers in Education illustrated the grow
ing acceptance of computing as an academic discipline and an
aid to education. Norman’s paper (p. 407) on aptitude tests as
predictors of academic performance in a computer course was
unfortunately inconclusive. It showed no significant correlation
between two manufacturers’ aptitude tests (which were them
selves well correlated) and two academic examinations in com143
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puting, but failed to examine the correlation between the
examinations.
The Numerical Analysis section contains half a dozen
papers all on well-explored classical problems. The invited
paper of Dorodnicyn is a very thought-provoking essay on the
difficulties introduced by high dimensionality in the numerical
problems of the physical sciences. His suggested solution con
sists of attempting to express the problem as the equilibrium
state of a conservative pseudo-physical system, and to calculate
the final state of the pseudo-system by computing its history
from an arbitrary initial state.
The sections on Scientific and Engineering Applications con
tains an interesting group of three papers (Palmer, Legg and
Brent, Anderssen) on geophysical data analysis and mapping,
reflecting the current Australian mineral boom.
A number of papers indicated a growing use of simulation in
a wide range of areas. These papers are rather curiously scat
tered among sections on “Systems and Scientific Programming
and Simulation”, “Management Information Systems”, “Social
Sciences and Medical Applications”, and “Engineering Appli
cations”. I found Booth’s paper (p. 369) on a model of Vic
toria’s electricity generating plant an excellent example of a
realistic and thorough simulation exercise.
Medical applications receive attention in no less than four
papers, but it is clear that the work reported is still very
exploratory, and that computers are only just beginning to have
an impact on medical and hospital practice.
Among the overseas contributions in the technical area, a
group of three papers on computer design is most interesting.
Glushkov (p. 651) described an ambitious scheme to auto

mate most phases of computer design. The scheme requires
the development of special languages to describe the elementary
information-transforming operations of a computer, algebras
to map statements in these languages into simpler equivalent
statements, and computer implementations of the algebras. The
papers of Cleary (p. 231) on the design philosophy of the
B6500, and of Jones and Purcell (p. 241) on the CDC approach
to super-computers provide an informative and almost startling
contrast. The former paper extolls the virtues of elegance and
conceptual elaboration in design, whereas the latter emphasises
a strictly engineering approach to doing the normal things
faster.
To try to summarise my impressions of the Proceedings, I
have asked myself what use do I expect to make of these
volumes. Certainly, Volume 1 was a welcome aid to choosing
and understanding addresses given at the conference, but now
that the conference is over, what use will I have for them?
There are some six or ten papers in Volume 1 to which I
expect I will refer for their technical content, which places
Volume 1 on a par (for its size) with the use I expect to make
of computing periodicals. I do not expect to find myself
rereading the discussion of Volume 2, except perhaps in an
attempt to clarify some point of a technical paper, and the
attempt will probably be in vain. However, I expect the invited
addresses in Volume 2 to be useful historical references, and
will find in them plenty of ammunition for arguments about
the future of computing. A last criticism: I could find in
neither volume a sufficiently explicit declaraton of the pub
lisher’s identity to enable me to order the Proceedings from a
bookseller with much confidence.

COUNCIL NOTES (Continued from Page 138)
Office of Information Systems Planning and Develop
ment,
Overseas Visitors’ Program
Room 5D840 Pentagon,
The Overseas Visitors’ Program got away to an
WASHINGTON D.C. 20350 U.S.A.
unfortunate start with the late withdrawal of Professor
The Australian Department of Defence has obtained
R. S. Barton, who was unable to tour Australia as
a magnetic tape containing a number of these routines
arranged.
and, by arrangement with the U.S. Navy, has agreed
Professor David Evans, Director, Department of
to distribute copies of this tape to interested organisa
Computer Science, at the University of Utah, has
tions within Australia. The tape, which is largely
accepted an invitation from the A.C.S. to visit
self-documenting, contains:
Australia in October and November, 1970. Professor
1. VP-ROUTINE. Automates program modification
Evans’ specialties are computer graphics, time sharing,
and system adaption in preparation of the test
and operating systems. He will be giving seminars and
routines for compilation and execution.
*»
addressing meetings in Sydney, Brisbane, Canberra,
2. COBOL Audit Routines.•/
\
Melbourne, Adelaide and Perth.
These seminars and meetings will be open to the f: r 3. COBOL Decision Table Translator.
4. COBOL Program Checkout and Debug Routines.
public as well as to A.C.S. members. They should be#
5. COBOL to A.N.S.I. COBOL Translator.
of great interest and value, as Professor Evans is
6. FLOBOL. COBOL flowcharting routines.
doing pioneering work in his field.
Copies of the magnetic tape can be made available
Details of the visit will |>e announced as soon as
with the contents written in the following format:
they are available.
1. Blocked 30 cards (BCD) per record.
Dr. Grace Murray Hopper visited Australia in June,
2. Even parity, seven-track.
under the auspices of Univac, and addressed meetings
3. Density. Optionally, 800 or 556 bpi.
in Sydney, Canberra and Melbourne, and Dr. R. W.
4. Terminated by a file mark.
Hamming will speak to the New South Wales and
Organisations wishing to obtain a copy of these
Queensland Branches on his way to the New Zealand
routines should address their request, together with
Conference in August.
one i”, 2400 ft. magnetic tape and a statement of
COBOL Audit Routines
recording density requirement, to:
i, ,
Group Leader Processing,
f’he Programming Languages Division of the U.S.
EDP Division,
Nafy recently announced the availability of a set of
Department of Defence,
COBOL compiler validation routines and other
RUSSELL, A.C.T., 2600.
COBOL programming aids. Details of these are con
tained in a report (Tatham, 1969) of a talk given in
Reference
London by Commander Grace Hopper. Further details
Tatham, L. (1969): “Commander Grace Hopper — COBOL
may be obtained from:
Pioneer Talks of the Future”, The Computer Bulletin,
Navy Programming Languages Division,
Vol. 13, No. 9, pp. 288-290.
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Confessions of
a disk pack reject
“I’m good. I know I’m good. Almost
everybody says so. And I was sure I
could make it as an RCA Disk Pack.
“The 6-high RCA 506. Some of my
best friends are 506s. And some are
11-high RCA 511s. For disk packs,
either is a goal worth striving toward.
“Anyway, I thought I had it made
when I started my final physical at

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

“What’s a disk pack to do? I’m good
enough to be somebody else’s disk
pack. But all I want to be is an RCA
506. And if I were 11-high, I’d want to
bea511.”
Nobody needs a reject.
Contact RCA Limited,
11 Khartoum Rd., North Ryde 2113.
Phone 88.5444.
Our disk packs make it.

ItCJl

II

RCA Limited,
11 Khartoum Rd.,.
North Ryde 2113

ix
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The low cost office computers

Philips office computers outperform conventional
bookkeeping and invoicing machines. Yet they are
competitive in price.
Basic models are tailored to your present and future
needs. You dori’tspend money on non-essentials.
Simply add to the basic unit as your needs demand.
A Philips office computer is also flexible enough to
meet changing work patt|rns. Just feed in new
programmes or extend the storage capacity.
; As well as fitting your needs, a Philips also fits your
office. The P352 (illustrated) takes no more room than
the average desk.
Anyone can learn to operate it. You do not need
specially trained operators. Key board layouts are clear,
well designed and foolproof.
. Programming is also simple. Only 14 instructions are
needed to cover every aspect of your business.
Installing a Philips will not affect existing routines.
It is ready to use the day it’s installed. Nothing changes.
Just runs faster and more efficiently than ever before.
Philips have a complete range of office computers.
They are right in performance, size and price.
One of them is right for you.
For sales and service, contact sole Australian distributors,

Philips P350.The perfect fit
Philips P350 Series Office Computers are a completely
new range of small, high performance, low cost
visible record data processors.

, QurirtAlf Din^AVYlK^I Pfu I 4*/4 484 Kent Street, Sydney. Telephone 261251.
f WyCII iuy I II IVrV/l I lUv I iy« ft-XVii 321 William Street, Melbourne. Telephone 304377.
A iiic)ii6c)‘ of the Philips Group of Companies.

PHILIPS

data systems
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If you think DIGITAL only makes small computers, how come the
PDP-10 lets 63 users develop programs, run real-time experiments,
and process multiple batch streams—simultaneously?

DIGITAL EQUIPMENT AUSTRALIA
PTY. LTD.

PDP-10: /
Interactive time-sharing,
batch processing, and real-time
operations simultaneously. 3
levels of monitors. Re-entrant
software. Seven user languages.
On-line debugging. Modular
expansion. All forms of bulk
storage. Communications
equipment. Real-time interfaces.
Write for a brochure.

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

C t i

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

y■

digital]
COMPUTERS • MOOuLES

-

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

1130 ASSEMBLER

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

FORTRAN PROGRAMMING

COBOL & P/L1

SYSTEMS ANALYSIS

FREE APTITUDE TEST

HIGH SPEED
FORMS HANDLING EQUIPMENT

Full-time day course for duration PROGRAMMING
of four weeks or part-time night Full-time day course for duration
course of eight weeks.
of four weeks or part-time night
course of eight weeks.
Full-time day course for duration Regular tests are conducted
of three weeks or part-time night prior to acceptance for Taylor’s
course of six weeks.
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

REHABILITATION OF
MAGNETIC TAPES
By
LIPSNER-SMITH ULTRASONIC CLEANING
9

REMOVES
$LL
LOOSE

OXIDE
Send for more
information to:

The Bowe Decollator, as illustrated above, provides by the association of
modules, any combination from a two part set (one carbon) to unlimited
requirements in stages of one extra copy and carbon.
The carbon is wound on spindles and is readily removed after decollation.
The forms stack tray capacity is 1000 folded forms and is constructed to
ensure safe re-folding of continuous webs.
The Decollator is equipped with tractor Teed and qptional facilities offered
are side cutters for excising perforations and centre cutters, maximum five,
for vertical cutting.
f
Machine will operate independently or “on line” with computer printers or
the sophisticated, range of Bowe Guillotines, it can operate in tandem with
either or both simultaneously.
Working in tandem with .the guillotine, bottom copy or copies can be
re-associated with top copies for “on line” guillotining by passing under
Decollator and merging whilst re-fanfolding intermediate copies.
A pistol handle remote control allows operation of the machine from any
position along its length and feed speeds can be accelerated in stages from
stop to approximately 7ft. per second.

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

MELBOURNE — SYDNEY — BRISBANE

CINETEC FILM EQUIPMENT ™

AGENTS: Thornquest Press, South Aust.

Barclay & Sharland, West Aust.

63 Mountain Street, Broadway, N.S.W. 2007
Phone: 211 0077
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THIS ROBUST SQUAD SCORED MORE
POINTS THAN ANY OTHER TEAM LAST YEAR

THEY CHEATED!!!

THEY FIELDED MORE PLAYERS THAN THE OTHERS
WHY?

THE WINGER . . .

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

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

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

THE CAPTAIN ...
/

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

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

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

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

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

29 2751
34 8127
5 2029
21 7976

-*i

NIXDORF
COMPUTER
J.N.14
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j Punched card input
has slowed down computers
long enough.

Honeywell’s new KEYTAPE
is more their speed!
Keypunching speeds are no match for modern computing speeds. So if you’re feed*
ing information on to punched cards, you’re1 holding your computer back. You’re
causing an input traffic jam that’s probably as frustrating to you as it is to your
computer. Honeywell has a solution.
-'
KEYTAPE. It’s a way of typing original material directly on to magnetic tape and
verifying it in the same machine. The magnetic tape is used for direct input to the
computer and all without punched cards.
|f
And because KEYTAPE input can be read by a computer at tape-drive speeds rather
than card—reader speeds, you save time. And time (especially computer time) is
money. It also saves time which was normally needed for verification and insertion
of correction cards on a separate machine.
Modern computers have finally met their match.

Honeywell
SYDNEY MELBOURNE CANBERRA ADELAIDE NEWCASTLE BRISBANE
27-7451
26-3351
49-7966
51-6203
2-5790
51-5248

nv

HOBART
22-006

PERTH
28-3722
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: CONTINUOUS
STATIONERY?

WILEY AND
COMPUTER
SCIENCE
DATA BASES, COMPUTERS, AND THE SOCIAL
SCIENCES

Edited by Ralph L. Bisco
(University of Pittsburgh)

CONTACT:
SANDS A
OTOUGAJl

304 pages

1970

$13.10

(Wiley Information Science Series)

A group of papers derived from the Fourth
Annual Conference of the Council of Social
Science Data Archives held at the University
of California at Los Angeles in June, 1967,
and concerned with the interrelations be
tween data banks, computer technology, and
the needs of the social sciences.
FUNDAMENTALS OF FLOWCHARTING

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

By Thomas J. Schriber
(University of Michigan, U.S.A.)
144 pages

1969

Cloth $7.30; Paper $5.20

By means of flowcharts, this book shows
how to formulate problem-solving procedures
to be carried out within the restricted frame
work imposed by the computer. There are
thirteen fully documented “case studies” of
the development and description of logical
procedures as well as “Problem Sets” at the
end of each chapter. ?
From all booksellers

SANDS & McDOUGALL
PROPRIETARY LIMITED

JOHN WILEY & SONS

CONTINUOUS STATIONERY DIVISION

AUSTRALASIA PTY. LTD.

108 REGENT ST., PRESTON, VIC., 3072

110 Alexander Street, Crows Nest
N.S.W. 2065

Telephone: 472181
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lease
your computer
Leasing is made to order for the computer
field. It’s the use of computers, not necessarily
their ownership, that produces results.
All the accepted advantages of leasing apply,.
The choice of equipment is up to you.
It could pay you to check our lease plan
quotations.
We are experienced in the field of leasing.
Talk it over. If leasing is not for you, you will
have lost nothing.

General
{Jredits
LEASING DIVISION
Melbourne: 277 William St. Phone 60 0241
Sydney: 283 Clarence St. Phone 29 3041
Adelaide: 41 Pirie St. Phone 8 7383
Brisbane: 633 Ann St. Phone 5 3971
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GC233

DISPLAY/ENTRY TERMINAL

"

- - '

TELETYPE COMPATIBLE. 72 CHARACTERS

‘

PER LINE. UP TO 27 LINES ON A CLEAR,

BRIGHT CRT. NO MODEM REQUIRED. MADE IN 3 PARTS FOR SIMPLIFIED DO-ITYOURSELF MAINTENANCE. STANDARD ASCII KEYBOARD. MADE RIGHT HERE IN
AUSTRALIA. ACCEPTING ORDERS NOW FOR DELIVERY IN EARLY 71. SEND FOR
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|IE33 DATASHEET.

INFORMATION ELECTRONICS LIMITED
POST OFFICE BOX 713, CANBERRA CITY, A.C.T. 2601
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Univac can help you build business with NOW.
Imagine your institution operating
in the now.
Instant processing of transactions.
Instant updating of savings and mortgage
accounts. No more second shift.
It’s entirely possible with the new Univac
PROFITS program—a real-time system
of computer programs developed jointly
with Univac savings and loan users.*
PROFITS is made up of thousands of
program modules that can be combined
in a UNIVAC" 9400 real-time system to suit
any institution’s particular needs.
And recombined easily and quickly
in response to legal or policy changes.
You have access to an information file
that serve-s customer accounts and your own

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

UNIVAC

“''SPERRY RAND

First in real-timejnformation systems.
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