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A Binary Representation
for Decimal Numbers
By P. M. Fenwick*

A number system is described which combines the programming convenience of decimal
numbers with the hardware advantages of binary arithmetic. The number format resembles
some integer floating-point formats, except that the exponent is associated with a base of 10,
rather than some power of 2. It is shown that arithmetic in the new representation is little
more difficult than for ordinary floating-point numbers, and methods are given for implement
ing the “decimal” shifts which are a consequence of the exponent base.

1. Introduction
Many computing applications involve numbers which
include a meaningful, exact, decimal fraction.
Monetary values for example are usually regarded as
fixed-point decimal quantities with two fractional digits
in which no round-off or truncation errors are normally
permitted. Such numbers cannot be represented satis
factorily in the corresponding binary form (integer.
fraction) because decimal fractions have, in general,
no exact binary representation. For exact results using
binary arithmetic it is necessary to represent such
numbers as integer units of the least significant digit,
e.g. 142.78 would be represented as 14278 units of
.01. The programmer must then keep account of the
scaling factor or, equivalently, the basic unit of repre
sentation. This includes changes in the scaling factor
during multiplication, and the alignment needed to add
numbers with differing scaling factors.
2. The Number Representation
The problems of scaling and number alignment
mentioned above are very similar to those which arose
in the earlv days of scientific computing and which
were to some extent solved by the introduction of
floating-point number representations. The essential
feature of floating-point numbers is that each number
carries its own scaling information which is used in
the arithmetic operations on that number. It is pro
posed that a similar representation be used here for
fixed-point decimal numbers, with each number con
taining both a mantissa carrying the basic numeric
information, and an exponent with the scaling informa
tion. In comparison with conventional floating-point
practice, however, the proposed system has several
distinctive features:—
(i) The mantissa is a binary integer, instead of the
more usual fraction,
(ii) The exponent, also held as a binary integer, is
associated with a base of 10,
(iii) The mantissa is not normalized; all of its digits
are significant and must be preserved. Any over
flow from the most-significant digit is equivalent to
an integer overflow and should be treated as such.
A decimal number, d, therefore consists of an

integer, i, and an exponent or scaling factor, s, in the
form
d = i* 10s.
TABLE 1. Typical Number Representations.
d

i

s

27
3.82
.382
6
6.000
3.14159
.00128

27
382
382
6
6000
314159
128

0
—2
—3
0
—3
—5
—5

Table 1 shows some typical numbers in the new system
and reveals some further properties of the method of
representation. A number has (-s) digits following
the decimal point. For this reason the exponent could
well be chosen with the opposite sign to that used
above, and although s will be taken as an exponent in
this paper, its other interpretation as the number of
fractional digits is equally legitimate. Positive values
of s (interpreted as an exponent) correspond to
numbers in which the least significant digits are always
zero, for example the number of items which are
always obtained in lots of thousands. A positive
exponent gives the number of digits immediately pre
ceding the decimal point which have positional but not
numerical significance. Only the digits with both posi
tional and numerical significance are actually repre
sented in the mantissa. This distinction is seen in a
different way by comparing the representations in
Table 1 for the numerically equivalent values 6 and
6.000. The number format indicates explicitly that 6
is an integer with no associated fraction, but that 6.000
does have significance as far as the third decimal place.
Conventional floating-point formats do not distinguish
between these two cases.
3. Arithmetic Methods
As in conventional floating-point arithmetic, addition
and subtraction must be performed with the operand
mantissae aligned so that digits of equal significance
are combined. Because the least-significant digits must
be preserved, the operand with the algebraically larger

*Computer Centre, Australian National University. Now with Computer Centre, University of Auckland, Auckland, N.Z.
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exponent (i.e., the smaller number of fractional digits)
must be shifted to1 the left until the number of frac
tional digits is equalized in the two operands. Any loss
of high-order digits during this alignment must be
treated as an overflow. The result is then the sum or
difference of the mantissae, in conjunction with the
algebraically smaller of the operand exponents.
The decimal exponent base requires that all mantissa
shifting be decimal, even though the mantissa is itself
a binary number. Each left shift therefore involves a
multiplication of the mantissa by 10, and each right
shift a division by 10. Suitable decimal shifting tech
niques will be considered later.
Multiplication is performed in a manner which is
similar to that used with standard floating-point
numbers: multiply the mantissae and add the exponents.
The only possible problem is that of overflow in the
product.
Division, on the other hand, is rather
more complex, mainly because it is seldom exact, and
the operand mantissae do not, of themselves, fully
define the operation. Consider, for example, the two
cases 4.50/2 and 4.50/2.000, both of which should
produce the result 2.25 with possibly some low-order
zeros.
A simple division of the mantissae yields
quotients of 225 (which is satisfactory) in the first
example, but 0 in the second. To be fully defined,
division requires not only the dividend and divisor, but
also the desired result exponent. Several alternatives
are that the result have:—
(i) the maximum possible number of significant digits,
(ii) the number of significant digits which is the maxi
mum of those in the two operands,
(iii) some specified number of fractional digits, or
(iv) the number of fractional digits which is the maxi
mum of those in the two operands.
The first of these alternatives could easily result in
subsequent overflows, while the second requires
information on the operands which is not easily
obtained. Neither of these two alternatives is therefore
acceptable. The only difference between (iii) and (iv)
above is that in (iii) the result exponent is separately
specified, but in (iv) it is taken from one of the oper
ands. Otherwise both are equally acceptable.
To produce m fractional digits in the quotient, the
dividend must be shifted so that its decimal point lies
m decimal places to the left of the divisor decimal
point. Equivalently, the dividend must be adjusted so
that its exponent is m less than the divisor exponent.
The adjusted mantissae are then divided as two binary
integers. Although overflows can occur during the
division itself if the number of quotient digits exceeds
the word capacity, overflows cannot occur during the
initial aligning of the dividend. Binary division hard
ware requires an initial dividend which is two words
long, with an integer dividend in the least-significant
half. If the alignment is done in this double-length
register, the dividend simply expands into the mostsignificant half of the register. Note that the entire
double-word dividend register must have decimal leftshift ability.
4.

Floating-Point Numbers
The one difference between the proposed number
system and conventional floating-point numbers occurs
The Australian Computer Journal, Vol, 4, No. 4, November, 1972

in the handling of overflows. Floating-point practice
allows mantissa overflows to be corrected by rightshifts and consequent normalization, whereas the new
system does not permit rights-shifts because of the
associated loss of significant digits. If this requirement
is relaxed, so that overflows are treated as is usual
with floating-point numbers, this immediately gives an
integer floating-point number system. The number
format is similar (apart from the exponent base) to
that used in the Burroughs B5000 computer and its
successors (Burroughs Corporation, B5500 and B6500
Reference Manuals, 1964 and 1969), and described by
Flores (1963). The representation described here has
the unique property that it can represent not only
binary integer and floating-point numbers, but also
fixed-point decimal numbers. The main distinction
between the fixed-point and floating-point modes
(integers are a subset of both) is as to whether an over
flow initiates an error trap (fixed point) or normaliza
tion (floating point). If it is known that fixed-point
overflows would not occur, and this would normally
be the case except in program development, all three
number types are handled by the floating-point mode,
which would therefore be the default method of opera
tion. For the remainder of this section the term
“number” will refer to any of the three possible types,
unless otherwise stated.
Addition and subtraction are commenced as
described in Section 3 by shifting the operand with the
larger exponent to the left. If this shift overflows, the
alignment must be completed by shifting (again deci
mally) the other operand to the right. If the sum or
difference overflows it must of course be normalized;
otherwise the result is left “as is”, with no post
normalization.
Multiplication is performed as before, but post
normalization is much more likely to be needed. It is
almost inevitable if at least one of the factors is a
floating-point number. With two floating-point factors,
decimal shifts of almost a full word length are inevit
able, as all of the high-order half of the product is
significant and must be scaled decimally to occupy the
low-order half.
Division is again a problem, for the reasons given
earlier, but now emphasized by the availability of
floating-point values. For example, does 1/3 give 0
(integer divide) or 0.33 (floating-point divide)? It is
possible either to have separate floating-point divide
and fixed-point/integer divide instructions, or to have
the one, floating point, divide instruction in conjunc
tion with a “Force Exponent” instruction which, issued
after a division, forces re-alignment of the quotient so
that its exponent is the specified value. The special
case of a 0 exponent being forced yields an integer
result. Because
(a) floating-point division is necessary anyway,
(b) the Force Exponent instruction is useful elsewhere,
as for example after fixed-point multiplications
which can introduce extraneous low-order zeros,
and
(c) integer divides are usually infrequent, so that the
extra instruction wastes comparatively little space,
it is proposed to use the second method and assume
that all divisions give a floating-point result.
147

A Binary Representation for Decimal Numbers

A brute-force method of operand alignment is to
normalize both divisor and dividend, and to then
further adjust the dividend so that it occupies the highorder half of the dividend register. The exponents are
adjusted as necessary during the initial normalizations,
and the result exponent is then given by (dividend
exponent) — (divisor exponent). The result exponent is
further diminished by the magnitude of the decimal
shift needed to move the dividend to the high-order
part of its register.
The above method can be considerably improved by
changing the criterion for normalization. Convention
ally, normalization is with respect to a register, and a
number is normalized when it cannot be shifted further
to the left without losing high-order digits. An examina
tion of conventional dividers leads to the concept of
normalization with respect to the divisor. At the start
of a division, the contents of the high-order half of the
dividend register, regarded as a single word, must be
numerically less than the divisor. If this is not so, a
division overflow results because the quotient cannot
be represented in a single word.
To align the operands then, the dividend mantissa
must be shifted to the left, with corresponding exponent
adjustment, as far as is possible while its high-order
part remains less than the divisor. With the operands
thus aligned, the quotient mantissa must be normalized,
and the result exponent is the (dividend exponent) —
(divisor exponent).
5. Decimal Shift Techniques
Without exception, the term “shift” has meant here
a decimal shift, rather than the more usual logical or
binary shift. As the idea of decimal shifting is of cru
cial importance in the number representation, it is
essential to consider implementations of such shifts.
A left shift requires multiplication of the mantissa,
i, by 10, an operation which is readily performed as
lOi = 2i -)- 8i. The operation is simple and fast in
both hardware and software, so that left shifting does
not present problems. The hardware implementation
is shown in Figure 1.
Right shifting, corresponding to division by 10, is

(b) Binary Times-10 Multiplier

Figure 1.
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considerably more difficult to implement. Fortunately
it is seldom required in fixed-point arithmetic, as the
four basic arithmetic operations need only decimal left
shifts. An efficient method of right shifting is, how
ever, needed to accommodate the extension to floating
point numbers. There are several possible methods,
which are enumerated below:—
(a) Binary division by the appropriate power of 10.
This is the simplest technique, and is certainly
appropriate to the manipulation of fixed-point numbers,
which require right-shifting only when low-order digits,
usually zeros, must be eliminated. If the division pro
cess can be made sufficiently fast, this could be an
acceptable method even for floating-point numbers.
With present Read-Only-Store technology it is quite
realistic to provide a hardware table of powers of 10
so that the divisor appropriate to a specified shift can
be selected automatically. Post-normalization would
require a search of the table to determine the correct
divisor to produce a normalized result. Again, this is
not a difficult process.
(b) Use of a set of small, Table-Look-up dividers.
In this section it is more appropriate to consider the
use of divide-by-5 units, rather than divide-by-lO’s.
The results differ only by a factor of 2, which is
easily compensated for by a wired-in logical shift, and
the quinary divider allows more bits to be handled for
each unit.
A Read-Only-Store of 128 words by 8 bits can be
made to hold a 5-times division table, such that any
word contains the quotient and remainder corres
ponding to its address considered as a dividend. The
division of a multiple-precision dividend by a single
precision divisor is conventionally performed by seg
menting the dividend into single-precision segments.
Each segment, starting with the high-order one, is then
divided by the divisor to produce a partial quotient
and partial remainder. The partial quotient becomes
that part of the final quotient which corresponds in

(b) Use of Quinary Divider in 20-bit Qivide-by-10

Figure 2.
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precision to the dividend segment, and the partial
remainder is used as a high-order extension to the divi
dend segment of next-lower significance. (The method
is exactly that used in normal pencil-and-paper
division.) Figure 2 shows a 20-bit decimal divider,
implemented in the above manner. Note the chaining
of partial remainders between units. Read-Only-Stores
suitable for this application have delays of the order of
50ns, so the total delay for a decimal division (or right
shift of one decimal place) is about 200ns.
(c) Feedback Division.
This is a technique which is currently being investi
gated, and shows considerable promise. A serial ver
sion of the method was at one time considered for use
in the EMIDEC computer (Boothroyd, ------ ). The
divider is essentially a parallel adder around which is
connected suitable feedback, and is shown in Figure
3(a).
Its ability to divide is most easily demonstrated by
using feedback theory. A basic feedback system, shown
in Figure 3(b), with a forward transfer function G, and
feedback transfer function H, has a combined transfer
function F given by
G
F -- ----------1 -GH
The forward transfer function of the divider in Figure
3(a) (i.e., with the feedback path(s) broken) is i,
because of the right shift of 3 binary places. Fed back
into the adder is twice the output, with an inversion, so
that H is —2. Substituting these values (G = i, H ==
—2) into the equation gives F = A. The divider
operates satisfactorily with most dividends, but some
result in a race condition, and work is proceeding in
an effort to eliminate this defect. If a register is placed
in the feedback path so that the operation can be
clocked, the divider does work satisfactorily, but this
results in a significant speed degradation. For this
reason, it is hoped to get the divider in its present,
unclocked, form to operate reliably. Its speed is simi
lar to that of the Table-Look-up divider.
Decimal right shifting does not therefore present
insuperable problems; several suitable methods have
been described to perform the necessary division by 10.
Of these, ordinary division (method (i)) is probably the
best where speed is not important. Table-Look-up
division (method (ii)) is preferable where speed is
essential, but requires special items of hardware. If it
can be made completely reliable, feedback division
(method (iii)) is even more attractive because of its
speed and simplicity, combined with the use of stand
ard components.
6. Conclusions
The number system which has been described com
bines the compactness and hardware convenience of

FA

(a) Portion of Times-10 Divider

(b) General Feedback System

Figure 3.

binary numbers with a number representation which
includes integers, floating point and decimal fixed point
in the one basic format. An immediate consequence
in computer design is that three parallel sets of arith
metic operators can be replaced by one set. If the
number representation is combined with an addressing
system recently described by the author (Fenwick,
1972), is is not even necessary to distinguish between
different operand precisions, so that, for example, the
15 distinct ADD instructions found in some modern
computers can be replaced by one instruction, without
loss of flexibility. The number of operation codes is
thereby reduced considerably, with a consequent
improvement in the ease of programming.
It has been shown that all of the basic arithmetic
operations are readily performed on numbers held in
the new representation. Apart from the need for
decimal-shift techniques, the arithmetic algorithms are
little more complex than those needed for standard
floating-point numbers. The representation is most
appropriate to business and small-to-medium size
scientific computers.
It is less appropriate where
maximum arithmetic speed is essential, because the
decimal shifts would remain comparatively slow
operations.
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Modular Programming — Why Not?
By D. A. Harding*

The paper contends that current methods of programming, especially methods of controlling
the programming task, have generally proved unsuccessful, and that Modular Programming
provides a possible solution to this problem. However, various reasons exist why the tech
nology is not universally adopted including a preponderance in the literature of references
to the unsuccessful methods, misunderstandings of the technique and its application, and the
problems A.D.P. management face in converting to a new methodology. Finally, it _ is
suggested that the situation can be overcome only by a large research and education exercise
embracing all A.D.P. personnel involved in programming.

INTRODUCTION
There has always been great general interest shown
in what automatic data processing systems do and how
they perform. There is currently and has, over the
past few years, been generated an equal interest in
how the systems are built and in the techniques avail
able for programming the systems, the major portion of
the task. Modular programming, as defined below, is
a technology which, if applied correctly to the prob
lems of program production, enables successful
(accurate and within budget) production and implemen
tation of systems.
Yet, due to various impediments to its use, the tech
nology is not generally employed. Basically the impedi
ment lies in communication in that only a minority of
ADP personnel know of the methods and advantages
in detail; many of those who are cognisant are under
misconceptions of a technical and managerial nature
as to how the methodology should be applied; and
most of the literature on programming as a technology
describes methods which rarely succeed in practice.
MODULAR PROGRAMMING
The term ‘modular programming’ has generally been
employed loosely to describe a wide spectrum of tech
niques. Such a loose definition is ‘A logical unit of
coding that performs a function, or several related
functions, is a module. Ordinarily, functions should be
programmed into separate modules, a process called
modular programming’ (IBM, 1969). The dictionary
definitions of ‘module’ and ‘modular’ connotate control
or regulation and this facet is missing from most uses
of the terms as applied to programming.
Modular Programming—a definition
Modular programming is the technique of dividing
the logic required of a program into pieces (modules)
which are small in size, logically simple, logically and
physically independent, well-defined, and whose
individual function and structural relationship corres
pond sensibly to the logic of the program as a whole
and to the data on which the program is to operate.
A module, physically, need be no more than a highlevel language sub-routine. The final criterion that
the programmed interface between modules be standard
is then satisfied.

The major differences between modular program
ming and the commonly employed method of dividing
programs into sub-routines are:—
— every module is small and simple whereas sub
routines in a large, complex program may be larger
than the average program; small in this context
does not necessarily imply containing few instruc
tions but rather containing few decisions, an upper
limit being five or six decisions. Thus large pro
grams may consist of many hundreds of modules.
— every module is physically as well as logically inde
pendent (as opposed to COBOL performed para
graphs, for example).
— in the module hierarchy (see Figure 1), generally
only low-level modules operate on elementary data
items; higher-level modules operate on groups of
items or records.
— each sub-hierarchy of modules is restricted to a
single, major, logical function on a single class of
data.
The advantages of Modular Programming
The advantages of programming in the manner
defined are, the advantages being listed in their order
of importance:
— Programming Project Control: Control of any
type of project requires the division of the work of the
project into small, discrete sub-units, of which the
relative resource consumption and work-value measures
can be predicted and measured, i.e., for a particular
sub-unit with a defined work content there is a stand
ard and actual resource requirement.
The production of a module (design, coding, testing
and documentation) is a small part of the production
of a program, the work involved in producing any two
modules is similar and the event, which is the comple
tion of a module, is definable. Therefore, using the
production of a module as a work measurement unit,
the resources consumed by a programming project can
be controlled—resource estimates can be made via
historical averages of resources per module produced
(e.g., man-days per module), progress can be measured
realistically as the number of completed modules, and
an increased facility exists to manipulate resources
within and across projects. Furthermore, this work
measurement unit can be employed as the standard by
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LEVEL:

MAIN STREAM

CONTROL O/P
FILE CONSTR.
PHASE

CONTROL
EDIT PHASE

CONTROL EDIT
OF NORMAL
DETAIL REC.S

CONTROL
EDIT OF
HEADER REC.

CONTROL EDIT
OF OVERTIME
DETAIL REC.S

EDIT
WAGE ITEM

EDIT
IDENT ITEM

PHYSICAL EDIT
OF NAME AND
ADDRESS

CONTROL
PRINT PHASE

LOGICAL EDIT
OF NAME AND
ADDRESS

EDIT
IDENT NUMBER

ASSEMBLE
ERRORS

SUB-HIERARCHY

Figure 1. Example of module hierarchy.

which the relative performance of programmers is
judged.
— Program Durability: The program testing and
program design principles adhered to ensure that pro
grams are more assured of working to specification
when first put into production and require less mainten
ance and less maintenance effort throughout their life.
— Program Testing: Monolithic programs cannot be
tested thoroughly simply by reason of the volume of
testing required. For example, the small program
whose logical flow is illustrated in Figure 2 contains
104 distinct paths and therefore requires at least 104
test cases to be thoroughly tested. A division of the
program into two parts at point B does not assist as
there is a complex interaction between the two parts
produced. However, a division at point A into two
independent modules results in Module 1 containing
13 paths and Module 2 containing eight paths, a total
of 21 paths to be tested. Also, the interface between
the modules is now simple. Programs, structured in
modules, are therefore tested by proving each module
independently and then proving the assembled program
by testing the interfaces between modules.
— Program Simplicity: The logic contained in a
large program is often incomprehensible when viewed
as a whole. It is only when this logic is broken down
that an understanding can be gained of the parts that
make up the whole.
— Program Design: Good program design results in
the practical advantages of program durability, simpli
city and ease of maintenance as well as an aesthetically
pleasing product; it is made possible using modular
The Australian Computer Journal, Vol. 4, No. 4, November, 1972

techniques and a method such as that described briefly
below:
• Define the macro-functions of the program (e.g., see
Figure 1, Edit input record or Print report of
Level 2).
• For each macro-function determine the data
hierarchy(s) (corresponding to a COBOL type data
description) of the record(s) belonging to the domin
ant file of the macro-function (i.e., the file that
‘drives’ the particular logic). Level 3 of Figure 1
assumes an input file containing three record types
as the dominant file.
• For each data element (group or elementary) define
the logic that must be applied to achieve the macro
function; some data elements may require no logic
to be applied.
• Define modules by splitting up the logic for each
data element into groups which are mono-functional
(e.g., ‘Physical Edit’ and ‘Logical Edit’ of Name and
Address item in Figure 1) and by determining the
external parameters required for the logic.
• Define all functional rather than data dependent
modules (e.g., ‘Assemble Errors’ in Figure 1).
This method structures a program according to both
the functional and data structures of the problem.
— Program Re-use: The modular programming
design principles listed above ensure a far greater
probability of the program designer isolating common
functions within a program or suite of programs, thus
facilitating the design and production of general
purpose modules.
(To amplify an understanding of Modular ProgramTil
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\

MODULE 1
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\

\

MODULE 2

/
PROGRAM END

Figure 2. Illustration of modular testing theory.

ming, readers should consult the first list of references
at the end of this paper.)
THE REASONS WHY NOT
Project Control
Programming project control is the major problem
confronting programming departments that is ‘solved’
via the use of modular programming, and there has
been, in recent years, a public awareness of the import
ance of the problem (over 30-English language papers
and books were published on this and allied topics in
the period 1968-1970).
The ‘traditional’ Control System
The initial thesis is that traditional methods of
attempting to control the programming task cannot
work in theory and so rarely, if ever, work in practice.
A traditional programming project control system
embodies the following:—
— the estimation and allocation of the resources
required of the project by the application of formulae
to such factors as volume of instructions to be coded,
complexity of logic, experience and efficiency of
individual programmers, number of types of data pro
cessed, and programming language employed.
— the measurement of progress made on the pro
ject by obtaining, at fixed time intervals, estimates
(usually subjective) of work completed in any or all of
the areas of flow charting, coding, desk checking, test
ing, documentation, etc.
Theoretical Faults
In all management systems, planning or estimation
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is an iterative procedure whereby estimates are refined
as ‘better’ information becomes available. In this tra
ditional method the major factors affecting overall
resource estimates are the volume of instructions and
logical complexity. Estimates of these can be made at
most three times during the project’s life with any con
fidence that the estimates are improving. The occa
sions are at initial evaluation, completion of flow chart
ing and completion of coding (the latter can be
excluded except for the purposes of a final project
review). Thus estimating for a particular project can
not dynamically improve.
The measuring suffers from the fact that it is nearly
always an estimate of progress rather than an actual
measure (unless instructions coded is employed during
the coding phase) and is therefore unlikely to be
accurate. This is compounded when attempting to
derive an overall completion percentage from the
individual work completed estimates (i.e., of flow chart
ing, coding, etc.) as the relative ‘sizes’ of each
individual phase must be based on latest estimates,
and the units of measurement, themselves, are different
(e.g., how does one instruction coded compare to one
flow chart box drawn).
The third phase in the control loop (of which the
first two are estimating and measuring) is reviewing.
Reviewing, in this context, implies examination of pro
gress made against the plan, evaluating how the vari
ous corrective actions that can be taken will affect the
project, choosing an action and suitably amending the
plan. There are, in an average project, few programs.
Because of the functional division of the programming
task employed it is generally true that no further sub
division takes place. Also, the functional phases of
flow charting, coding, desk checking, etc., lie on the
same path from the conception to the production of a
program. The number of discrete work sub-units is
therefore small. Under these circumstances there is
little or no action that can be taken to manipulate
resources to effectively control a project. Also, fore
casting the effect of the few actions that can be taken
is no more accurate than the estimates made in the
original planning.
The ‘traditional’ system in practice
The equations commonly used in deriving estimates
have large standard errors of estimate, and estimates
and results can differ by a.factor as high as two or
greater (La Bolle, 1967). Add to this the difficulty
experienced in estimating program size in numbers of
instructions and objectively estimating program com
plexity or programmer efficiency, then it is not sur
prising that the average estimate is 50% or more out.
The ‘my program is 99% complete this month (and
was 99% complete last month)’ syndrome is too well
known to require further amplification. The rush from
crisis to crisis, the chart which has a moving date scale
to ‘cater’ for slippage, the excessive hours worked in
programming departments, are all symptomatic of
control systems which enable no control at all.
The Literature
The list of papers and books on programming
project control published in the last few years is large,
The Australian Computer Journal, Vol, 4, No. 4, November, 1972
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but their content illustrates the second thesis—that,
apart from the very few references to Modular Pro
gramming, the literature either contains exhortations
without accompanying methods or techniques, or
details of methods which are the unworkable ‘tradi
tional’ system described (some of the papers referred
to do not concern themselves solely with the program
ming task but deal with the complete topic of system
implementation; the criticism, however, is still valid,
as programming is the major portion, upwards of 60%
of resource usage, of system construction).
Brandon (1968) suggests, ‘Our objective must be to
develop effective economic standards which allow us
to measure and control the programming effort. This
will obviously be a difficult task.........’ At the same
conference, Pietrasanta (1968), in a paper which
analyses the estimating task, states: ‘We do not under
stand what has to be estimated well enough to make
accurate estimates,’ and then urges for research into
the intricacies of system development prior to quanti
tative research and statistical analysis. A similar view
point is expressed by Griffith (1970), who is of the
opinion that unless the complex area of the interaction
between the system designer and the organisation’s
management structure is tackled, discussion of any
implementation technique remains a poor substitute for
a practical solution to computer management problems.
Close to home, Montgomery (1970) admits to criti
cism of the traditional attempts at quantification of
programmer output and then requires that quantitative
measurements be taken while offering no suggestions
as to how to achieve these. Similarly Brophy (1970)
suggests methods of improving programmer perform
ance but puts forward no more than a hazy concept of
how to obtain what is, in fact, a pre-requisite for
ascertaining improvement, a measurement of pro
grammer performance.
Papers such as these which proffer no suggestions
as to how to implement control systems may well be
the cause of the situation whereby up to 75% of instal
lations in Australia do not practise any control of the
programming task (Masters, 1968).
Nelson (1968) proffers the framework of a project
reporting system and empirically derived cost estimat
ing guides, neither of which he admits is ‘revolutionary
or novel’; Jackson (1970) uses the traditional para
meters in his resource allocation technique and also
states: ‘In most cases an individual program will best
be handled by one programmer ....’; Masters (1968)
details an actual reporting system and estimating
formulae and Lecht (1967) describes a complex and
comprehensive programming management system, both
of which follow the traditional pattern as described;
Reynolds (1968) sees programming validly as a tech
nology, the necessity therefore to split program pro
duction into a set of physical events which either have
or have not occurred and the necessity to move away
from hazy estimates of percentage completions, but
goes no further in suggesting a methodology; Watson
(1969) describes empirically based formulae for
estimating, introduces the concept of modules but
places ill-defined bounds on module size, module com
plexity or module design (the number of modules in a
The Australian Computer Journal, Vol, 4, No. 4, November, 1972

program is then used as a factor in the estimating
formulae).
There are many more such papers which expound
on variations of the ‘traditional’ methods of project
control. Yet control systems which consume resources,
alienate programmers because of the poor resultant
planning imposed, provide very little useful informa
tion for management, and provide no means of con
trolling are worse than no system at all.
The publications on the subject of modular program
ming have, on the other hand, been sparse. In that
two chapters of the book were devoted to the subject
of sub-routines, the first reference to modular tech
niques was that of Wilkes, Wheeler and Gill (1951),
but since that point of time there have been few pub
lished papers on the topic. The situation has improved
in recent years but, even so in the period 1968-1970,
papers and books on modular programming were only
20% of the total on programming as a technology (this
figure does not include the few papers containing
references to the subject but not devoted to it).*
Also, the term modular programming has been
employed loosely in the literature and in discussion.
This has led to many personnel in ADP, when sugges
tions are made that they might consider employing
the methodology, claiming that they already do, when
in fact what they mean is that their programmers make
some use of sub-routines, overlays and such-like. It
might be appropriate, therefore, instead of assigning
the definition given above to Modular Programming,
to assign a new term to the definition (this could be
‘Hierarchic Programming’).
In this way confusion
would no longer arise.
The Technical Reasons
Several arguments of a technical nature are put for
ward as to why, even though the theory of modular
programming is well grounded, the practice is not
feasible.
Module Testing
The first of these is that to test each module of a
program independently requires a test program for each
module and this increases resource requirements as
well as the possibility of programmer error. I disagree
with Stevens (1969) when he glosses over this techni
cal problem to concentrate more on the management
and control aspects of modular programming; testing,
and the robustness resulting from exhaustive testing,
are important benefits offered by the technique. In
1969 an informal survey of approximately 1,000 test
job submissions was conducted. Analysis of this sur
vey revealed that approximately 40% of the program
ming errors (logical and syntactic) discovered occurred
in the test program rather than the code being tested.
However, the problem has been solved to a great degree
by the design, production and marketing of test harness,
general purpose programs which oversee module test
ing, by such companies as Computer Analysts and
Programmers, Hoskyns Group Ltd., and Management
*The source from which this figure is derived is Computer
Abstracts, published monthly by Technical Information
Company.
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Systems and Programming Ltd., all based in the United
Kingdom.
Also a major computer manufacturer,
I.C.L., supplies test harness with its system software
to support its advocacy of modular programming
techniques.
Module Linkage Overheads
The second argument is that, by dividing programs
up into small sub-routines, there is such an overhead
in core requirements and program execution time due
to extra sub-routine linkage code, that any advantage
from the use of modular programming is lost. To illus
trate the non-validity of this argument, consider a
hypothetical but realistic example. In this example
hardware costs, speeds, and other associated para
meters are those of a large (i million bytes of core
storage), powerful, third-generation computer. Although
the relationships between power and these parameters
are not linear, conclusions based on the example
would be true for smaller and less powerful machines.
The cost to operate this computer is $100 per hour:
The annual cost of an experienced programmer is
approximately $21,000, composed of $6,500 salary,
$6,500 overheads (administrative overheads, super
vision, floor space, etc.) and $8,000 computer time.
The programmer is assumed to be productive for 40
weeks of the year, allowing for training, leave, sick
ness, etc., and to consume two hours computer time a
week. The weekly cost of such a programmer i$ there
fore about $500.
A suite of four programs, each consisting of five
routines of 250 high-level language instructions (a total
of 5,000 instructions), takes one man-year to code, test
and document. The cost of the suite is therefore
$25,000. Maintenance of that suite over a five-year
period (the assumed life of the program) would require
a further man-year of effort at a cost of $25,000. The
maintenance cost quoted lies between rates suggested
bv Rhodes (1971a) and Stevens (1969).
In this
example their estimates would be t man-year and 21man-years respectively.
A realistic estimate of the cost savings accruing
from the use of modular programming has been made
bv Rhodes (1971a). The overall savings derived are
11% saving on programming costs and 50% saving
on maintenance costs. However, the savings accruing
from higher resource utilisation when control of re
sources becomes a reality are ignored. Applied to the
example, the estimated savings are $12,800 (26%).
If the suite were re-structured to consist of four proerams, each consisting of 25 routines of 50 high-level
language instructions, the linkage overheads would be
increased bv a factor of five. The linkage code for
each sub-routine is, on average, 150 instructions and
occupies 600 bytes of core. If the suite is run daily
for the five years, and takes one hour computer time
a day, the cost of increased core occupancy (relevant
only on a multi-programming computer) is approxi
mately $750. Similarly, if each module is entered on
average 10.000 times a run and the average elapsed
time is 10 times CPU time, the increased cost of execu
tion time is $5,250. The overall cost increase is $6,000
and this is less than savings by a factor of two.
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Use of Decision Tables
A commonly expressed opinion is that the use of
modular techniques and the use of decision tables and
decision table processors run counter to each other.
In fact the two techniques are complementary. A
‘monolithic’ decision table which is the specification of
the logic for a complete program can always be broken
down into a set of smaller decision tables as no one
‘action’ is dependent on the outcome of every ‘stub’
decision. Hence the program design process which
divides a program functionally can define for each
module a set (one or more) of small decision tables.
This further decreases the complexity of the program
and increases its comprehensibility.
Real Time Applications
The final objection to modular programming comes
from personnel engaged on applications such as a real
time supervisor or process control systems. The claim
is that the program design concept which attempts to
relate the hierarchic module structure to a data struc
ture (see above and Rhodes, 1971b) has little relevance
as such applications do not deal with data files in the
commercial ADP sense. However, they deal with data,
and this data can be structured; and, in the same way
that a commercial program reads records from a mag
netic tape file, a program in these applications ‘reads’
records from a ‘time file’.
The Managerial Reasons
The Change-Over
For managers in ADP considering a change-over to
modular programming technology there are two basic
stumbling blocks. The first of these is the change
over itself. Some of the tasks that must be performed
are a re-training of programming staff, some re
training of systems design staff, a revision of program
ming standards, a revision of documentation standards,
the production or selection for purchase of test
harness, the design of a project control system, the
collection of data to compute averages for that system,
the definition of a new programmer advancement
policy, and, finally, the co-ordinating thought to bring
the job to a successful conclusion. In total, this is a
large job.
However, though all have to be considered and most
eventually take place, the problem need not be attacked
in one large piece. It is not necessary, for example,
for all staff to swing over to the new methodology at
the same time. Indeed, there are advantages in start
ing off with a small group who will gain initial experi
ence, especially of problems unique to the organisa
tion, and be able to temper the change-over for the
remaining staff. Similarly, although certain tasks must
be completed before the change, some parts of the
system such as a module library system can be rudi
mentary initially and improved at a later date. This
problem, however, is a major one and, as with all
innovations, the change requires thought and care by
its executors.
Programmer Morale
The second major problem is that of programmer
morale in that experienced programmers who have
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been accustomed to feed on very large slices of the
cake become very unhappy when they are thrown mere
tit-bits. There will exist, by necessity, some program
ming staff who are no more than module coders and
testers but this situation can be an advantage if inex
perienced staff are used, as the amount of damage
they can do is limited (Stevens, 1969). The problem
of experienced programmers is solved by rarely allocat
ing modules on a one to one basis (except when the
needs of the project demand, due to elapsed time
slippage, say), but rather by giving to a programmer a
sub-hierarchy of modules, i.e., a logically grouped set
of modules, to produce.
Managers who are convinced of the desirability of
changing to a new technology will find their own solu
tions to the problems outlined; only those with doubts
will find them insurmountable.
OVERCOMING THE SITUATION
The situation currently is bleak and, unless this and
other papers on Modular Programming have helped to
destroy some myths, the situation may become more
bleak.
Although having criticised the literature, therein lies
one hope of improvement. If those individuals or
organisations who have experimented in and imple
mented modular techniques were to publish their find
ings (already many large and influential installations
have adopted the approach successfully), both points
in favour and against, then the general ADP public
might be made more aware of the facts involved. On
the subject of project control, no paper referred to in
this paper has concluded a description of a control
system or estimating procedure by claiming that, in
practice, the system works satisfactorily. Indeed, this
is understandable. Yet many installations can vouch
for the fact that the technology of ‘management by
module’ is extremely successful.
The other obvious way of remedying the situation is
through the training of both personnel new to pro
gramming and those with some years’ experience. The
former are undoubtedly worth instilling with these
ideas as thev will be the programming managers in
five years and the DP managers in ten. The less they
know of programming as a non-technology the better.
And yet, looking once more at project management,
few, if any, courses for trainees contain as a subject
any form of estimating or planning for the program
ming task. The argument that this knowledge is not
required initially but rather after some years’ experi
ence is invalidated by the fact that if a programmer
has to control the activities of no one else, he should
be supplied with the tools to control or help control
his own activities. The literature does not propagate
this viewpoint either apart from Fiedler (1970) who,
although excluding the ability to plan in his profile of
the programmer, does suggest that experienced pro
grammers will receive in-house training in supervision
and programmer management in his organisation.
The lack of training in this aspect contrasts with the
fact that nearly every programmer training course con
tains some instruction on program de-bugging, but the
techniques and tools taught are designed to overcome
situations which should not exist in the first place. A
The Australian Computer Journal, Vol. 4, No. 4, November, 1972

switch to the teaching of the modular concepts of test
ing would, by itself, show great benefit in a small time
scale.
Finally, those organisations which have research re
sources available must devote some of this capability to
further investigations of programming as a technology.
This may be along the principles of modularity or along
paths, so far, unexplored. However, it is imperative
for the ADP profession and for the end users of
ADP that it be done and that the results of the re
search be published. The situation can no longer be
tolerated whereby information systems are constructed
in a halting, uncontrollable manner with no guarantee
of the validity or usefulness of the end product, while
equally sophisticated and complex mechanical systems
such as large liners exhibit the opposite characteristics
in their development. Suggestions that the fruits of
such research would not be picked because of the
early disappearance of programming as a task, are
countered by the fact that ADP is as guilty of over
estimation about itself as it is of under-estimation
within itself—as little as four years ago it was pre
dicted that programmers would be obsolete by 1972
(Brandon, 1968).
SUMMARY
Modular programming is not generally used as a
technique although it does solve many of the major
problems facing programming departments. This situa
tion can only be overcome by a large education and
re-education exercise.
However, the most serious impediment of all to any
change may be that in the ADP profession, a pro
fession which is one of the most liberal-minded when
putting forward its proposals for large, expensive
information systems, there exists a strong streak of
conservatism concerning itself. If this is true it is the
worst indictment of all and the purpose of this and
like papers will never be realised.
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How to Succeed with A.D.P
By D. L. Elsum*

Organisations using ADP have frequently had to grapple with a range of over-ambitious
schemes that have been under-estimated in size and complexity and which have, in short,
failed to produce the promised results on time.
After briefly identifying some of the major problem areas of ADP to date, this paper presents
a number of broad guidelines aimed at overcoming these problems and which, it is believed,
can greatly assist in providing more successful and profitable ADP operations. Of fundamental
importance is the concept of a “staged approach” to system development, whereby long-term
objectives are realised by a sequence of clearly defined stages, each increasing the scope and
complexity of the application.

INTRODUCTION
ADP is barely twenty years old and yet has already
lived through three distinct generations and seen the
introduction of a sequence of remarkable hardware and
software changes.
It has seen the first generation with its physically
large, temperamental, vacuum tube and delay line
computers of the mid-50’s, which were programmed in
machine language, and were so limited in memory
space that they could barely hold the routines used to
day for merely loading programs.
Much heated discussion centred on the question
“can computers think?” during this period.
It has seen the second generation with its faster
peripherals, core memory, and the introduction of
procedure-oriented languages such as FORTRAN and
COBOL, but largely still operating in a single stream
mode. Discussion on systems philosophy largely con
centrated on the “Integrated System” and its advan
tages. And then the third generation with transistor
and more recently integrated circuit logic, faster more
versatile peripherals, cheap direct access storage, on
line terminals, and comprehensive and complex multi
programming operating systems. Here, not to be out
done by earlier periods and their grand concepts or
catch-phrases, we have devoted considerable energies
to the question of the aptly-named “MIS” or Manage
ment Information System.
During this twenty years we have witnessed
improvements in hardware performance which can
only be described as remarkable. The cost of perform
ing a fixed amount of raw processing (with the empha
sis on raw, which does not mean the same as useful)
has dropped from
$100 in 1952
to $5 in 1962
to $0.5 in 1972
—an improvement factor of 200 times.
On the Systems side we have seen the introduction
of:—
Problem-oriented languages such as FORTRAN and
COBOL,
Sophisticated multi-programming Operating Systems
with automated scheduling and job control

languages,
and, more recently,
Data Base Management Systems
All of these, we have been enthusiastically assured,
contribute significantly to improved efficiency in utiliza
tion of computing equipment, or the Application
Development process, or both.
These technological developments could lead the
layman to the conclusion that today ADP should be
realising tremendous benefits and profits in all but the
most marginal of applications. Logically, he might
argue, an application that was shown to be profitable
by careful feasibility study in 1962 or 63, must surely
show a handsome return in 1972 or 73 on hardware
one-tenth the 1962 price, even if original estimates
were a triflle optimistic.
This, unfortunately, is not the current situation.
Over recent years people, world-wide, have been asking:
“Where are the promised returns from investment in
ADP?”
This paper commences with a brief summary of
some of the reasons why these expectations have not
been realised. Following this, a number of steps and
policies which organisations can follow to obtain a
successful ADP function of overall value both from
economic and service viewpoints, are described.
Much of the paper is based on experiences with a
large organisation having large applications, but never
theless many of the basic concepts are considered to be
equally applicable to small organisations.
MAJOR PROBLEM AREAS IN A.D.P. DURING
THE 1960’s
Firstly, by way of introduction, it is of value to take
a brief look at some of the major problem areas that
the Data Processing manager has encountered during
the last decade. These are summarised in the follow
ing nine points:—
1. Development times have been much too long. It
has not been uncommon during the 60’s for develop
ment times to extend to two, three or even more times
those originally estimated in Feasibility Studies. On
the other hand it has been rare, in fact almost unknown,
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for ADP projects to achieve let alone beat their target
dates. The cost of initial system development and
system maintenance (or re-development) account for
about 30% to 40% of total ADP running costs of an
ADP application; a surprisingly large proportion, and
a doubling or trebling of this can have dramatic effects
on the overall profitability of a project. Nearly all
ADP managers have been confronted with the problem
of an application with a seemingly ever-receding com
pletion date. This usually results in an attempt to
quickly define a much simpler “first stage” in order to
get something going, and thereby provide something
tangible to satisfy an increasingly and justifiably
impatient upper management.
2. Allied to and partly responsible for this extension
of system development times is the task of “system
testing”. This extremely vital step in the whole develop
ment process was almost completely ignored in early
ADP estimates and planning. Even today processor
controlled technology is being introduced without suffi
cient prior system testing having been done. Correcting
the problems exposed by system test is no easy task,
as many have found out. Corrections usually take at
least as long as individual program testing and in some
cases can lead to major system re-design and re-testing.
Both of which are often done in a near-panic environ
ment.
3. Systems Designs have frequently been too com
plex. Quite often applications were initially designed
to automate as much of the total system as they
possibly could, regardless of the complexity of auto
mation. One fairly trivial example of this could be
where a transaction is input to “cancel” a master file
record only to find, on update, that this particular
record does not exist. This may be due to an error
in the input, or it may be that in this particular case
the “cancellation” has arrived before the “creation”
record, or for some other reason. Instead of taking
the simple solution and rejecting this for manual cor
rection and re-submission, a complex system may be
designed to hold this record for a period in the hopes
that a “creation” record occurs. This requires logic to
hold the transaction, to handle the situation if one does
arrive, and to take some action if one doesn’t, after a
fixed period of, say, one month. This type of approach
may not only be inefficient but may also increase the
whole complexity of programming, debugging, and
testing. It can also lead to those rare but extremely
complex error conditions that occasionally arise and
cause great confusion. One can see for example the
remote possibility of a faulty “cancellation” being
entered and stored which subsequently leads to the
cancelling of a valid “creation” without any apparent
reason. Determining the cause of such obscure situa
tions can be extremely time-consuming and embarrass
ing for the ADP manager.
Modularity in design has not been a clearly defined
objective in many early projects, although one invari
ably finds that this has been naturally carried out by
the better designer and programmer. Where it has not
been achieved, system debugging and maintenance have
been nightmarish tasks. All ADP managers will be
familiar with the situation where fixing one problem
has created two or three new ones. This is frequently
158

caused by lack of modularity and has often resulted in
the known bug being left, and manually corrected,
rather than risk fixing it.
Many projects are too ambitious, consequently many
projects suffering from an unattainable completion
date have, in emergency, had a simple but key area
lifted out, for initial treatment. Often designers have
attempted to achieve too much in the first step, only
to be forced back to something more realistic in the
long run. Planning for implementation of ADP on a
stage-by-stage basis is essential.
4. The lack of understanding in the previous three
areas has been painfully obvious in the inaccuracy of
estimates of resources and time required for ADP
development. These estimates have quite frequently
proved to be two or three times too low. Naturally
management has become increasingly more wary of
any estimates produced in feasibility studies and in fact
one could say that a “credibility gap” had almost
occurred. In addition, as the more thorough manager
probed more rigorously into the basis of estimates in
the hopes of applying confidence limits, it became
increasingly clear that they were mainly based on
broad “feelings” of programmers and designers and
that little or no formal techniques exist to confirm or
substantiate these “guesstimates”. In estimating bene
fits, poor approaches have frequently been used which
have concentrated on intangible and often unachievable
benefits, rather than on real savings.
5. A further major problem has been that of being
able to determine how a project is progressing and how
near to completion it is—that is being able to measure
its progress.
ADP managers have found themselves in control of
projects that always seem to be between 90% and
99% complete but frustratingly never quite there.
The excuses seemed reasonable and the problems have
invariably “now been overcome” but the end point
remains as evasive as ever. How can the manager
reliably assess how a project is progressing and how
near to completion it lies? This has been a major
problem.
6. Of course not all problems are internal. Problems
encountered in adopting manufacturers’ operating
systems and software have caused grave problems. In
many cases the quality of software provided has been
quite unacceptable. Computer buyers, as a group, need
to be much stronger in insisting that manufacturers
provide what they have promised. It is well known
throughout the industry that key software products
such as operating systems have been issued in a most
unsatisfactory form, with numerous errors, omissions,
and inefficiencies. Sometimes the users have been left
to sort out the problems and in many cases suggest
corrections.
Very few operating systems have for
instance been satisfactory until at least two years after
their initial release. Problems in these areas have been
particularly costly in that not only have they required
the commitment of top-grade software staff but,
once determined, have often been beyond the capability
of the organisation to correct. Virtually every ADP
department has its own “programmers’ manual” which
contains to a large degree a list of do’s and don’ts
The Australian Computer Journal, Vol. 4, No. 4, November, 1972
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aimed at avoiding deficiencies and inefficiencies in
manufacturers’ software.
7. It is not necessary to say much about the prob
lems of ADP-user co-ordination. Lack of user involve
ment is one area that has received considerable atten
tion over the past few years and many projects have
failed due to lack of user involvement and support. It
is sufficient to state that if the user does not accept the
system then it is guaranteed to fail.
8. Another feature of ADP systems frequently not
appreciated is their need to adapt to change in environ
ment. The business environment of today is ever more
rapidly changing and it is not long, in most cases, two
to* three years, before the combined effect of external
change is sufficient to force a system modification or re
design. This requirement is complicated by the prob
lem of retaining sufficient knowledge and expertise on
applications in the ADP department. Programmers
like to* move on to new projects and dread the thought
of system maintenance, especially if it is “somebody
else’s system”.
It was Drucker (1959) who recently pointed out that:
“Throughout most of history change was considered
a catastrophe and immutability the goal of organised
human efforts,...........
by contrast in modern society change has become
the accepted pattern of life.”
If he’d reflected a little longer, he could have added
“except in ADP where it is still considered a catas
trophe”.
9. This leads into the final major problem area
experienced during the 1960’s—that of high staff
mobility. This was particularly distressing for the
ADP manager in the latter part of the decade when
staff turnover was particularly high; in some areas
nearly as high as 25% to 35% per annum. With
project development times of two years or more for
many large projects this is disastrous. Because of a
generally greater stability of personnel within the
industry this problem is not now so serious. However,
organisations faced with high staff turnover should do
all in their power to reduce it.
Summary of Problem Areas
The above summarises the major problem areas
within ADP during the last decade. Organisations have
had to grapple with a range of over-ambitious schemes
that have been under-estimated in size and complexity,
and which have, in short, failed to produce the
promised goods on time.
By concentrating on problems, a rather gloomy pic
ture of ADP has been painted, but in view of the early
promises that were made and the high expectations, it
is believed that this is justified. The success rate of
ADP departments has been estimated, by a leading
consultant to be as low as 30%. If this figure is even
close to the truth it represents anything but success.
In many respects it is only the significant improve
ments in hardware price/performance that have
enabled many ADP departments to justify a continued
expansion at the rate that has occurred. Without this,
an overall freeze or even cut-back in ADP might now
be occurring.
However, fortunately hardware improvements have
The Australian Computer Journal, Vol. 4, No. 4, November, 1972

occurred and have presented the community with the
opportunity to gain considerable benefit from ADP
during this decade. It is the realisation of this oppor
tunity, which is still by no means assured, that is
discussed in the remainder of this paper.
CRITERIA FOR SUCCESS
Bearing in mind the major problem areas that can
eat away at the potential profit in ADP, what can we
do to avoid these and to head instead toward success
ful ADP operations?
CRITERION 1. Firstly it is essential to ensure that
the user is brought right into the ADP machinery and
that he plays an active role in the formulation of
policies, approval of projects, and general business of
ADP. It is no use recognising the lack of user involve
ment if nothing is done about it—and merely ensuring
that users are included in study and project teams is
not enough. What is needed is:—
(a) The active involvement and participation of user
management by the formation of a high-level
“USER-ADP Management Group”-, and
(b) the decentralisation of ADP co-ordination to user
representatives who are actually part of the user
structure and who act as both a first point of con
tact for users and as an interface to the ADP
department.
These concepts can best be demonstrated by refer
ring to the ADP machinery recently developed in the
Australian Post Office as an example. (This is not of
course the only way of achieving these concepts, or
necessarily the best for a particular organisation. It is
designed to suit a large organisation in a Public Service
environment.
Each individual organisation has to
determine what suits its particular environment.)
The overall organisational arrangements are
described in broad detail in Figure 1.
The computer management group is a high-level
group consisting of representatives from all key depart
ments and chaired by the ADP manager. This group
meets on a regular basis to discuss ADP matters and
provides the major role in the management and direc
tion of ADP activities.
Both user areas and the ADP department can intro
duce matters for discussion and consideration by the
CMG.
By instituting a group of this nature we achieve:—
• User participation on a regular basis at high level,
which leads to
• greater participation
• less argument and dissatisfaction with activities
• incorporation of total organisational views
© greater understanding of ADP in upper manage
ment.
Users are adequately and regularly represented by
their management who take an active role in the
decision-making process rather than feel excluded and
ready to dissociate themselves when problems occur.
Useful operation of such a group, however, is not easy
as there is a natural tendency “to go it alone” when
difficulty is experienced in obtaining agreement.
The Co-ordinators are user personnel who are nomi
nated to act as the ADP representative by the particu
lar area concerned. Ideally they are persons with a
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TOP MANAGEMENT - HEAOS OF DIVISIONS.
MEETS AS REQUIRED.
PROVIDES DIRECTION.
CONSIDERS MAJOR PROPOSALS.
APPROVES MAJOR PLANS.
RESOLVES POINTS OF CONFLICT.

COMPUTER
STEERING
COMMITTEE (C.S.C.)

UPPf.EuRA,^NAGEMENT “ HEADS 0F DEPARTMENTS.
CHAIRED BY A.D.P. MANAGER.
REPRESENTATIVES FROM ALL KEY AREAS.
MEETS REGULARLY AND AS REQUIRED.
DIGGUSSES REQUESTS FOR ALL SIGNIFICANT
A.D.P. WORK AND EXPENDITURE.
APPROVES MINOR PROJECTS.
ADVISES C.S.C. ON MAJOR ISSUES.
VETS LONG TERM PLANS AND PROCEEDURES.

COMPUTER
MANAGEMENT
GROUP (C.M.G.)

CRITERION 2. Next, and possibly the most import
ant criterion of all, is the need to adopt a “Staged
Approach” to System Development.
This means a gradual or evolutionary advance
ment to the ultimate system; this being achieved
through a small number of carefully-planned steps, each
step increasing the scope, complexity, and sophistica
tion of the system. It is necessary to start with a simple
and basic core of the system and then progress by steps
toward the end goal.
This allows a gradual introduction of ADP to occur
in contrast to the “all in one go” approach which has
so often led to a disastrous situation.

STAGE 1,

STAGE 3.

LONG
TERM
OBJECTIVE

“ONE HIT" APPROACH

1
COMPUTER
CO-ORDINATION COMMITTEE (C.C.C.)

CO-ORD NATOR
(ENGINE ERING
PLANN ING)

ALL CO-ORDINATORS, A.O.P. PLANNERS
DISCUSSES ALL PROPOSALS INITIALLY.
DEALS WITH MINOR MATTERS.
KEEPS ACROSS DAY-TO-DAY ACTIVITIES.
DISSEMINATES POLICY CHANGES.
RAISES NEEDS OF USERS

CO-ORDINATOR
(ENGINEERING
WORKS)

CO-ORDINATOR
(PERSONNEL)

USERS (PRELIMINARY REQUESTS/AD VICE THROUGH
APPROPRIATE CO-ORDINATOR)

Figure 1. Machinery for Management of A.D.P.

good overall understanding of their area and its activi
ties and who are able to interpret these in ADP terms
and at a lower level than the management group repre
sentatives. A co-ordinator gives preliminary advice to
his area where possible and forwards more important
matters to the ADP Department or Computer Co
ordination Committee for further consideration. It is
also his function to keep his area informed on ADP
matters and possible uses of ADP.
The establishment of these positions (they may be
part-time, or full-time if warranted) provides:—
• A satisfactory interface between the user and ADP.
• A ready contact for preliminary discussion on ADP
matters by the user with someone who immediately
understands his problem and can talk his language.
• Avoids many poorly-conceived ideas and proposals
developing too far in user areas by providing ADP
advice at an early stage.
In addition, the co-ordinator can provide the ADP
department with a total picture of his area’s needs,
indicate priorities, and give advice to his management
on ADP matters.
Such a framework establishes procedural machinery
that ensures user and ADP areas work together toward
the same goals. This is an essential pre-requisite for
success with ADP.
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STAGE 2.

(LIKELY TO FAIL)

A staged approach does not present such a sudden
shock to the users and the organisation and not only
allows the user to educate himself progressively, but
also allows results of earlier stages to be incorporated
progressively with the system as it evolves.
At the initial design stage a user cannot be expected
to visualise all the ramifications and potential of a
radically new system and define his actual requirements
sufficiently well to determine what his needs really are.
Any new system that involves radical change will meet
this problem and the more radical it is, the further
the initial design is likely to be from what the user
finally determines he needs.
The answer to this problem is to plan an evolution
ary development whenever possible.
CRITERION 3. This leads to the next criterion,
which is closely related to the staged approach: set a
maximum time for system development and make it at
most two years. Further, once a final timetable for
development has been set, insist that it be met at all
costs.
If a system stage is going to take significantly more
than two years to bring into production from the time
design starts until testing is finished then trouble will
almost certainly occur. Too much is being attempted
in the one go and it is necessary to go back and break
the job down into a smaller initial segment.
Development times of longer than two years will
lead to problems in:—
• keeping up with changes in environment (and
although it is often thought that the environment is
not going to change in this particular case, some
how it always seems to);
• keeping to the development timetable (staff moves,
organisational changes, etc., become more probable);
• keeping up momentum and morale of the project
team (the further the end date the less urgent it is
seen to be and the less real the effect of slippages
appear).
The probability of a project over-running its
planned development period by a significant amount
(25% or more) increases very rapidly once this twoThe Australian Computer Journal, Vol. 4, No. 4, November, 1972
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regular and reliable means of measurement of project
progress.
As indicated previously, this area has been sadly
inadequate for a long time and very few, if any, formal
methods are used.
In order that an approach be adequate it should:—
• Be based on routine as well as ad hoc assessments
and

PROBABILITY
OF SIGNIFICANT
OVER-RUN OF
TIMETABLE

YEARS FOR DEVELOPMENT (FROM BEGINNING DESIGN
-------- ►
TO END TESTING)

Figure 2. Probability of development over-run.

year period is exceded and tends to follow a pattern
as shown in Figure 2.
Once the time span reaches three years an over-run
seems almost inevitable. Not shown in this diagram is
the amount by which the timetable is over-run. This
also tends to get longer as the initial period gets longer,
and, taking these two factors into account, an almost
intolerable situation occurs at about the three-year
mark.
The question of keeping to the timetable once it has
been formulated and finally accepted is a key issue.
The manager must insist that the completion date once
laid down is met at all costs and he must be prepared
to adopt emergency measures to achieve this if neces
sary, for example, introducing overtime, giving higher
priority for test runs at the computer centre, and even
reducing the scope of the project.
Once a slippage has been allowed to occur and is
accepted the whole system of control can easily break
down and, what’s more, the development team seems
to lose momentum. Almost inevitably it leads to fur
ther slippages which in turn make bringing the project
under control even harder. The completion date can
very rapidly recede into the hazy future. Slippage
should be considered by management to be the last
resort.
It is important of course that targets set are realistic
and achievable if they are to be kept, and they must
be jointly formulated by both management and project
team members. Let a project team set its own targets
as far as possible and, if need be, management should
relax these if they appear too optimistic.
The attitude that has to be imparted by manage
ment in situations where progress is lagging is one of
“How do we get this project back on schedule in the
shortest time?” rather than one of “The reason why we
have slipped is such-and-such.” As any manager will
be aware, ADP personnel are as good as any at pro
ducing very sound and convincing arguments to show
why things are late!
CRITERION 4. Of course, merely insisting that a
timetable is to be met will not in itself be enough to
ensure that it is. This leads directly to the need for a
The Australian Computer Journal, Vol. 4, No. 4, November, 1972

• Be based on a number of clearly definable points
(or milestones) in the system development process.
A method which can be used to assist in achieving
this type of approach is the use of PERT type charts
or diagrams and other network techniques. (These, if
nothing else, will force the personnel involved to define
in fairly clear terms the major components of a project
and to establish how they are interconnected and inter
dependent with one another.) This provides a broad
and pictorial representation of a project that both
management and the programmer can talk to and com
municate readily to one another by.
Further, it enables the job to be broken into modules
more easily and highlights those parts which are the
most important (i.e., those on the so-called “critical
path”) and those which can withstand delays if
necessary without affecting overall progress.
With this overall picture, management can better
understand the task and keep a closer eye on the key
areas.
It is essential that the total development path be
assigned with a number of clearly definable progress
points (or milestones). These are important in that
they—
(a) provide immediate sub-objectives for programmers
to aim for;
(b) enable progress to be clearly assessed.
When this type of approach was first introduced for
ADP in the Post Office it was thought that it would
not only be of value at the broad planning and
management level, but would also serve as a tool for
day-to-day management of project progress. This, how
ever, was not found to be the case. This type of approach
is not suitable for short-term control and more time was
being spent up-dating diagrams and discussing com
plex interactions than value obtained. A very simple
bar chart has, however, proved satisfactory for routine
control at a lower level. An example of this is given
in Figure 3.
One concept which is central to the whole technique
of project control is that of “authorisation of timetable
change”. The authority to formally revise the timeable of a project, once it has jointly been agreed upon,
should be beyond the capacity of the project team and
must require the approval of the ADP manager and
the USER. With this approach, any team which finds
itself behind, and which feels it cannot recover, must
give advice of the problem and suggest any solutions
it can see. Management can then either accept the
assessment of the team or suggest remedies. In the
absence of any such advice, management assumes that
progress is as planned and that the project will be
completed on time.
Some companies have introduced very low-level
reporting systems. For example, the completion by
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■Ml
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COMPLETED

COMPLETED

E.Q,

AGREED ANO APPROVED DEVELOPMENT TIMETABLES.
INDICATES FURTHER WORK TO CONTINUE

Figure 3. Weekly project report: and control chart.

programmers of a worksheet at the end of each day
showing such information as the number of lines coded,
time spent debugging, etc.
Now, although programmers are relatively well paid
and should therefore be expected to produce the
results, this type of approach does not appear suited
to- ADP development. A system based on achievement
of end results which gives responsibility to both
individuals and the team is clearly preferable and will
achieve much more. Quality of coding, for example,
is of equal importance to quantity—who wants to spur
programmers into producing more mistakes/day?
One further aspect related to the formal specifica
tion of project timetables and resource requirements is
the production of a total ADP Work Program,
showing all projects, both “under development” and
“planned”, and indicating resources required at the
various stages. This provides management with the
total picture of ADP involvement and commitments
and enables ready establishment of—
• effect of introducing new projects
• needs for future resources
• composition of work program.
It provides, amongst other things, a basis for dis
cussion of project priorities and requests for further
resources.
CRITERION 5. Another important aspect which
requires further development is that of Project Reevaluation at Key Points.
The standard approach in the past has been:
1. Conduct Feasibility Study.
2. Obtain Approval.
3. Develop.
It has often been found, however, that the assessed
profits have not been realised; and by a wide margin,
due largely to the lack of reliable information available
on system and program design in the early stages.
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At least one re-evaluation can be justified in many
projects and possibly more. This point is illustrated in
Figure 4.
As shown in the diagram, further points at which reevaluations can occur are:
(a) At end of System Design
(b) At end of Program Design.
These re-evaluations need not be as extensive as the
original Feasibility Study but should concentrate on
areas of difference or change.
It is not unusual to find systems in production at
most organisations that have not and are not paying
their way. Many of these would perhaps have been
dropped if the application had been later re-evaluated.
It is always better to find out sooner than later.
This approach requires a courageous ADP manage
ment, since dropping or re-defining a project could
produce violent user reaction as well as reflecting upon
his own department.
In some U.S. organisations feasibility studies are
now being kept very small, with management being
asked to “chance its arm” in initial selection of pro
jects. However, at the end of system design a fullscale evaluation is made based on more accurate
information. Management of course must be willing
to drop those projects which don’t appear beneficial.
CRITERION 6. Careful selection of projects is
vital for success. New projects should be evaluated
primarily on Tangible Benefits and intangible benefits
should be heavily discounted.
Justifications which rely heavily on intangibles
such as “improved service” and “better corporate
image” should be viewed with extreme caution if they
cannot be expressed in money terms. Quite often these
advantages are either not realised, over-stressed, or
counterbalanced by other disadvantages which are
overlooked.
CRITERION 7. For major project development,
only use proven software and hardware.
Developing a major ADP project is difficult enough

STANDARD APPROACH

SUGGESTED APPROACH

/vvFFASffill
ITY //
FEASIBILITY
y.
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STUDY
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_ SOLE EVALUATION
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AND APPROVAL

PROGSAMM NG
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TESTING

PROGRAM
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SYSTEM
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IMPLEMENTATION

IMPLEMENTATION

Figure 4. Project re-evaluation at key points.
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on its own, without adding further problems from
unproven software and hardware. Any major new
software product, for example an operating system,
requires at least two years in the field before it is
reliable and complete enough for use in major pro
jects. New Software, during this formative stage, is
undergoing continuous and very rapid change, and is
not a suitable base for developing major projects.
New techniques must be tried of course and
organisations should be continuously and carefully
evaluating new developments.
However, their use
must be restricted to experimental or minor projects
where a failure can be written off to the acquisition of
expertise.
The final two points are concerned with the organisa
tion of the ADP department:—
Firstly, organise Applications
CRITERION 8.
Development on a project team basis rather than by
functional specialisation.
Although there are potential advantages to be
gained by separating such activities as system design
from programming, these are more than counter
balanced by the advantages of the team approach. A
team approach provides:
(i) improved involvement and identification of the
developers with the project;
(ii) removal of troublesome interface and co-ordination
problems as one function hands over to the other
to implement. Such hand-over leads to educa
tion problems, rejection of the approaches speci
fied, and difficulties in co-ordination;
(iii) greater continuity and ability to replace lost staff.
CRITERION 9. Secondly, it is important that the
ADP department have a clearly defined forward plan
ning group.
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It is quite easy for a department that is under
intense pressure, both to support vital production loads
and to produce results from projects under development,
to neglect forward planning. If this is done it will
eventually lead to long periods of crisis.
It is quite easy to neglect the planning function
when under pressure, since the effects will not be
immediately apparent, in fact it may be years before
they are.
With the long lead times associated with ADP, the
need for adequate forward planning is obvious and
can only be provided satisfactorily by a clearly defined
planning group with that responsibility.
CONCLUSION
Computers are playing an ever-increasing role in all
aspects of our lives. The increasing use of communi
cations facilities for data transmission means that the
two great industries of telecommunications and data
processing will inter-act to a much greater degree than
they previously have, with consequent benefit to both.
Overall, the present technology is fairly well established
and we have entered a period of evolutionary develop
ment within the industry rather than the revolutionary
approach experienced in the first three distinct genera
tions of computers. The hard core of problems in
ADP now lies in the System Development process.
This paper has attempted to describe management
principles and guidelines which will assist in the realisa
tion of the potential that exists in the application of
ADP.
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A Class of Methods for Minimising
a Sum of Squares
By M. R. Osborne*
A class of methods for minimising a sum of squares is studied. This class includes Newton’s method
for systems of n equations in n unknowns, the methods of Gauss and Marquardt for overdetermined
systems, and also methods for underspecified systems. In addition it includes modifications to these
algorithms in which the correction to the current estimate of the solution is used as a search direction
for reducing the sum of squares, and the convergence results presented relate to this more general
situation. Estimates of rate of convergence are also given.

1. INTRODUCTION
The purpose of this paper is to study the problem
t ||f(x)||
(1.1)
where the norm considered is the Euclidean vector norm
and where f(x) is a vector valued function[from£'.'/) into
En. Writing At= Vf(x,:), = fix,). the following algorithm
is considered.
Algorithm
(i) compute
h, = - Afli.
(1.2)
(Here At is the generalised inverse of At. That is h, is the
unique vector of minimum norm such that ||fi + Ath|| is
minimised—see, for example, Luenburger [1969].)
(ii) compute y* (see note).
(iii) x,: + j = xf + y*hf.
(iv) If convergence then stop;
else i : = i + 1;
go to (i).
Note If yf = 1 is taken then the resulting algorithm is
called the full step method. In the particular case p = n
it is called Newton’s method, while ifp <n it is called the
Gauss method. Other possibilities which will be con
sidered are (i) compute yf to minimise ||f(x* + yh,)|| (the
descent method), (ii) y? = 1 if (||ffi! - |]r, ||)/2 Hh, H2EU > 1
where
f( + Aih(=ri,
(1.3)
and W is given by the inequality (1.5), otherwise yf is
chosen to minimise ||f(Xj + yh,-) [( in 0 < y < 1 (in this
case the algorithm is called the modified full step method),
and (iii) y*. = min (l,(||f,|| - IWD/2IIMW).
Remark (1) In practice, a modified full step method is
often defined by yf = 1 if ||f(x.f + fi) jj < ||fi ||, otherwise
yf < 1 is chosen to minimise Hfix* + yh£)||. However,
Fletcher [1970] has given an example which shows that
this algorithm need not converge to a stationary value so
that a more sophisticated test is required (see also
Goldstein and Price [1967]).
(2) The selection rule (iii) has the advantage of requiring
only one function evaluation per step. However, its
efficiency is likely to be more dependent on a realistic
estimate of W than is rule (ii). From the point of view of
the analysis presented in this paper it is not necessary to
distinguish between them.
It will be convenient to constrain the sequence of
iterates {x,} to lie in a bounded, strictly convex body R.

To do this, it is necessary to restrict the values which y
can take, and this restriction is incorporated into the
algorithm. Let £, = sup y, x; + yh;ejR, and let i]t = min
(1, &). Then, for example, the third rule becomes
yf = min (%, (HfiH - j|rf|l)/2||hf|t2HK), and the other rules
are modified accordingly.
Note If, for any i, xt is on the boundary of R then
either the next iteration gives xm in the interior of R, or
xm = x;. One possibility that must be considered in
this latter case is that the unconstrained iteration would
be unbounded.
To discuss the convergence behaviour of this algorithm,
two further assumptions are made.
(i) f(x) is sufficiently smooth. Specifically we require
that
f(x + yh) = f(x) + yAh + y2 ||h ||2w(y) (1.4)
where
||w(y)|| < W
(1.5)
for points in R. At a fixed point x, w is clearly also
a function of h, but this dependence is suppressed
for convenience.
(ii) An appropriate stability condition, analogous to
the condition that the Jacobian be nonsingular in
Newton’s method, is satisfied. This condition will
generally be that the smallest non-zero singular
value of A{ (the positive square root of the smallest
non-zero eigenvalue of AtA,) satisfy the condition
(omln)i > 8 > 0 for Xi e R.
The main convergence result is proved in section 2. It
has the interesting feature that it is independent of
whether the problem is underspecified (p > n) or over
determined (n > p). However, these particular cases do
give rise to rather different behaviour and are studied
separately in sections 3 and 4. It turns out that the
familiar results concerning the convergence and rate of
convergence of Newton’s method generalise neatly to the
underspecified case (Theorem 3.1). A possible application
is to finding a feasible point satisfying a system of non
linear equality constraints, and an interesting special case
is a class of problems for which the method of steepest
descent gives second order convergence. In the case n> p
it is no longer true that convergence is second order in
general (this can be guaranteed only if min ||f || = 0), and
an example is given to show that the full step method can
diverge from a point arbitrarily close to the solution (see
also Kowalik and Osborne [1969]). This is an important

* Computer Centre, Australian National University.
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result as the Gauss method is frequently (and uncritically)
used for fitting to experimental data. In this case
,/s(x) = Ys — F(ts, x)
where Ys is the observation made with the apparatus in
the configuration specified by ts. The condition for failure
of the Gauss method is that min j|f(x) || is too large, so
that either an inappropriate model has been chosen
(wrong F), or the experimental error in making the
observations is too large. In the final section, algorithms
derived by approximating to Af are considered. These
algorithms have the advantage that the stability condi
tion can be dispensed with at the cost of a reduced rate
of convergence or of finding the minimum only approxi
mately.
The method used in section 2 to derive the main results
in an adaptation to the Euclidean norm of the technique
used by Osborne and Watson [1969, 1971] to compute
best approximations in the maximum and Lx norms.
Osborne and Watson consider problems which corre
spond to the case n> p discussed in this paper. However,
there are interesting differences between the two sets of
results. These can be summarised briefly by noting that
the condition described above for divergence of the Gauss
method is essentially data dependent (the experimental
error is too large!), while the results of Osborne and
Watson are model dependent (so that they depend only
on the structure of F and are independent of Y). These
differences obtain because it is possible to give a stronger
bound for the displacement h in the maximum and Lx
norm cases than is possible with the Euclidean norm.
We note that the full step method, in the generality
considered here, has been discussed by Ben-Israel in
[1966], Also, a discussion of the full step method in the
overdetermined case has been given by Pereyra [1967],
He gives an estimate which shows that the rate of con
vergence is at least first order. While there is necessarily
some overlap between the results given by these authors
and those presented here, it must be stressed that there
are major differences in emphasis as we are mainly con
cerned with the convergence of the descent and modified
full step methods. These algorithms are of interest
because they permit convergence to be proved under less
stringent choices of the initial point than the full step
method, and for this reason they are attractive also for
practical implementation.
2. GENERAL PROPERTIES OF THE ALGORITHM
From the condition that h, minimizes ||f,- + ^hj! it
follows that

ATjtt = 0

(2.1)

and hence that
A + r,- = lim (A^At + el)-1y4^r< = 0.

(2.2)

equation (2.1). Now, taking the scalar product of equa
tion (1.3) with f, and using equations (2.3) and (2.4),
liys + iV(||f<ll2)h<= Nil2
(2.5)
from which it follows that (iii) => (ii).
Remark It is clear from the statement of stage (ii) of
the basic algorithm that if any reduction is to be made in
||f(x)|| then V(||f||2)h < 0 is a necessary condition (often
expressed by saying that h, is downhill for minimising
[|f|l at x = x4). As Hr* || < ||y by definition, it follows
that hi defined in equation (1.3) is downhill unless x,- is a
stationary point of ||f||.
Lemma 2.2 If 0 < y < ij,- then Hffo + yh,-)|| < Q fy)
where
Qi(y) = Will - y(liy - Hr,||) + y2 INI3 IF (2.6)
Proof From equations (1.3) and (1.4) we have
f(Xi + yh,-) = f, + y(r, - f,) + y2|NIMy). (2.7)
The desired result now follows from this by taking norms
and using the triangular inequality.
Lemma 2.3
1
|2)i
(2.8)
INK-(omin), (Ilf, I'
where (a-min), is the smallest non-zero singular value of At.
Proof From equations (1.3) and (2.2)
hf =A+fi=^+(f<-ri)
(2.9)
The desired result is now a straightforward estimate of
equation (2.9) giving
IN! <
||f,- - y = r^T(||f,lli - IIlII2)where equation (2.3) has been used.
Theorem 2.1 The sequence of values {||f, ||} generated by
either the descent or modified full step methods converges.
If
(i)

yt

= min

(ii) ||h£ || fh0<oD and Vi>Vo>0 V,where g, h0 rio are constants independent of z, then the
limit points of the sequence {x,-} are stationary points of ||f ||.
Proof Let yf be the step taken in either the modified
full step or the descent method. Then
Ift+ill = l|f(x, + y*hj)|| <
min
Of/)
(2.10)
0 < y < Vi
To evaluate the minimum of O f/) there are two cases to
consider:
(i) the minimum occurs in 0 < y < •>?,• in which case
dQi
A . .
7^ =° Slvmg
IlL-ll
Ilf, II
y = 2 INI2 IF ’

e—> 0

Lemma 2.1 The following statements are equivalent.
(i) r,- = f,.
(ii) Hr* || = ||y.
(iii) x, is a stationary point of ||f(x)||.
Proof It is clear that (i) => (ii). From equations (1.3)
and (2.1) it follows that
t% = IIlII2
(2.3)
so that, by Cauchy’s inequality, (ii) => (i).
Differentiating ||f(x) ||2 = S /,(x)2 gives
V(l|fF) = 2fTA,
(2.4)
and this shows that (i) => (iii) is a consequence of
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> g > 0, or

(2.11)

and
Q,:(y) = ||f, II

(Ilf.H- IlLlI)2

4|N!2IF
(ii) y = rji. In this second case
2||h,||*v,^< Holl

(2.12)

(2.13)

and this gives
Vi

Qi(Vi) < Ilf. I

(Ift II - Hr, II)

(2.14)

Defining
Yi = min

r){,

Ilf, II

2INPIF

(2.15)
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so that, by the inequality (2.16),

then
llfmll < Qiin) < WiW - f (IIAII - Hr,ID-

(2.16)

Thus the sequence ||f{|| is decreasing and bounded below
and hence convergent. If •>?,• = 0 the iteration terminates
on the boundary of R. The iteration can also be finite
if a point x{ is reached such that IAH = ||rf ]|. In this case,
Xj is a stationary point for ||f||.
Consider now the condition yi^ p.> 0. Substituting
in equation (2.16) gives
IAII- llr,|| < - (llffll — IA+1II)
(2.17)
r
whence ||ff |j — ||rf|| ->0, z -> oo.
For the other condition, for each i, we have either

IA+i!l< m-j (Ift II- llr* id,
or

UAH - Hr,ll<-(Ilf;II- IA+ill),
Vo

or
IAII — Hr*|| < Ih^VWiWiiW - ||fm||)>
and in both cases the convergence of IAII — ||r*|| to zero
follows from the convergence of the sequence {IAII}Remark The condition > t]0 > 0 can be replaced by
the condition that {xj C R0 where R0 is the interior of R.
In fact, in this case, t]0 can be set equal to 1 in the above
argument for when ^ < 1 it must be the second of the
pair of inequalities for |A!I — ||rf|| that is appropriate.
Corollary Let {xj C R0. Then a sufficient condition for
the limit points of the sequence {x,} to be stationary
points of ||f[| is that (o-min)i > 8 > 0 in R. This follows
from Lemma 2.3 which ensures the boundedness of ||h,||.
Remark The condition (o-mm)i > 8 > 0 is for practical
purposes equivalent to the condition that At have its
maximum rank as any weaker condition would be
numerically unstable. When this condition does not hold
then ||r|| can change discontinuously. For example, if
f = x2 + 1 then h can be chosen to satisfy the equation
x2 + 1 + 2xh = 0 except when x = 0. Thus r = 0 except
when x — 0 (the solution) where r = 1. Note that h is
unbounded as x -> 0.
3. UNDERSPECIFIED AND WELL SPECIFIED
SYSTEMS
In this section we assume that p > n, that A{ has rank
n and (crmtn)j > S > 0 for x{eR, and that the sequence of
successive iterates {x;} C R„. The assumption that
Ai has full rank gives rf = 0, so that, in this case, the
corollary to Theorem 2.1 ensures that the limit points are
points at which ||f|| = 0. Also, as in the remark following
Theorem 2.1, ^ can be set equal to 1 for the purposes of
calculating y,-.
Theorem 3.1 In the modified full step method
(i) Yi = 1 after at most a finite number of iterations,
and
(ii) the rate of convergence is ultimately second order.
Proof Assume that y* < 1. Then, using Lemma 2.3 and

Hr*ll=0,
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Yi > 2W\\f{\\

Example Consider the case when /(x) is a scalar (n = 1).
Here the equation determining hf is
f(Xi) + V/(x,)hi = 0,
(3.4)
whence
A‘

and

(Ilf*II - Hr*II)2
4h2W

Iffit+ill < IA I'
so that either

Will- Ift+ill(3-2)
As the sequence {|All} converges this inequality cannot
hold for arbitrarily large which proves (i).
To prove (ii) note that Lemma 2.2 gives, on setting
y = 1 and ||r*|| = 0,
IA+ill < IIAII2^Whence, by Lemma 2.3,
l|h*+i II < 1 IlfmlK y IIAII2.
(3.3)

(3-1)

(3.5)

!!V/(xf)||2V/(Xj)

(3.6)
h<_
IIV/(x*)ll2V/(Xt) ’
II V./ \AiJ II
so that h; is in the steepest descent direction for
minimising /2.
However, there is an important distinction between the
usual application of steepest descent and that considered
here, because when steepest descent is being used to find
an isolated minimum ||V/(Xi)|| -»■ 0. Thus the assumption
(omin)i > 8 > 0 is violated at the solution.
From equation (3.6) we have

lib, II = |/*|/IIV/*II

and

WVfif \
2|/*|)W
2 |y* | if ,
so that the conditions of Theorem 2.1 can only be
satisfied if there exists an x* such that /'(x*) = 0.
Let f(x) = ifXTCx where C is positive definite, then
. /, XTiC2Xi \ .___ . ( , ^ A2min\
" = mm F mtwJ > mm [u 2 d
Yi

/.
min 1

where Amm and Amax are the smallest and largest
eigenvalues of C, and where W = iAmax. In this case
Theorem 2.1 does give a convergence result. In particular,
substituting this lower bound for yt into the inequality
(2.16) gives (assuming \ > A2min/A2max)
A2mln\

(3.7)
U'+il < 1
A2max/ \f* IAs an example in which quadratic convergence obtains
consider / = xy. In this case V/ = (y, x) and
1
y
A+
x2 + y2
A single iteration of the full step method gives
xy2
=x
x2 + y2
y

\y J
2

’

l +

x2y
x2 + y2 = y

Thus, assuming |x0| < |y0|> the iteration converges
rapidly to a point (0, y*). However, if |x01 = \y0 |then
the successive iterates converge to the origin like a
geometric progression with common ratio •£. In this
latter case IIVAII
0, i -> co.
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4. OVERDETERMINED SYSTEMS
In this case n > p, and it is not possible, in general, to
ensure r£ = 0. This alters the argument of the previous
section considerably. It is no longer true that y£ = 1
eventually, and an example is given to show that the full
step iteration can be divergent from a starting point
arbitrarily close to a solution. However, there is some
similarity with the results of the previous section if ||f || is
sufficiently small, although second order convergence can
only be guaranteed if the equations are compatible.
Again it is assumed that {x£} C R0, and that (o-mln)£ >
S > 0 and
has rank p.

T i l 4" ^T+iTj,-1
l+i
where xf+1 = x£ + h£, it follows that
fi + AA + ||h£||2w(l) + Ai+1hi+1 = r£+x,
(4.6)
so that
r< + l|hil|2w(l) 4- Ai+1hi+1 = r£+1.
(4.7)
Using equation (2.1) gives
hf+1 = - MfM^r+1 - Atyt - ||/zt.||Mf+1w(l))
(4.8)
whence (setting h£ = ||h£||t and using a bar to denote
mean values)
dA
||hi+1 II = IIMr+\ ^ LII ||h£ II + 0(||h£ II2)
(4.9)

Lemma 4.1 Let x* be a stationary value of ||f||. A
sufficient condition for x* to be an isolated minimum is
that ||f(x*)|| < S2/2W.
Proof Let t be an arbitrary direction. Then
f(x* + yt) = f(x*) 4- yAt -f y2w(y)
(4.1)
so that, as Arf(x*) = 0,
||f(x* + yt) ||2 = ||f(x*)l|2 + y2{tTATAt + 2wrf } + 0(y3).
Thus
||f(x* + yt) ||2 > !|f(x*)!|2 +
y2{S2_2^|[f(x*)||}+0(y3),
(4.2)
so that ||f(x* + yt) ||2 > ||f(x*)|l2 for y small enough, in
dependent of t, if the stated inequality is satisfied.

which establishes the desired result.

Theorem 4.1 If (x£}C R0, and if ||ff || < 82/4 W for some i,
then the modified full step algorithm is convergent.
Proof Note that |TII < S2/4JF=> |ft|| < 82/4 W for
j > i. We first prove that this ensures that y, = 1. From
IT || < 82/4W it follows that
^(!TII+ IlL'IIXl,
.
(4.3)
so that
1W
^(ITII2
- ITII2) < ITII - ITII

(4.4)

giving
2|!hf||2JF < ITII — ITII
(4.5)
whence y3 = l,j > i. Thus Theorem 2.1 applies so that
the limit points of the sequence {x£} are stationary values
of ||f||, and, by Lemma 4.1, these stationary values are
isolated minima of ||f||. Also the sequence ||f, || is decreas
ing, and, by Lemma 2.3, ||h,!| -> 0. Thus the sequence x3is convergent (compare Goldstein [1965]).
dA
Remark We have
<2JF, HM^IKp so that
dt
dA
2W
r II < 82 ||rj|. A sufficient condition for con
IIM
dt
vergence from an arbitrarily good starting point is
S2
therefore that ||r|i <
, and this ensures that the
minimum is isolated. The conditions on Theorem 4.2
ensure that the ultimate convergence in that case is like
that of a geometric series with common ratio at most
The next theorem provides a rate of convergence result
assuming the convergence of the full step method.

2x
then A(x) = — 3x2
IV2 —
If we write % = u2 + ex, rj2 = id ~i~ e2,
=2, then x = u is a
solution provided
[2« 3m2] [j
0,
Example Let f(x)

that is provided ex = — (3u/2)e2. It is readily verified
that this solution is a minimum provided 6ue2 < 8w2 +
18m4. We have M(x) = ATA = 4x2 + 9x4. and
ft AT
dA
2
so
that
||
M~4
r | evaluated at x
6x
dx
is given by
|3ms
dAT
1
|2ex -f- 6ms2
||M-4
■r =
dx ‘" 4m2 4- 9m4 i"'v'1 1 v'“"21
4m2 + 9m4'
This can be made arbitrarily large by appropriate choice
of e2. By equation (4.9) this shows that the full step
method (Gauss method) can be divergent from points
arbitrarily close to the solution. A similar example is
due to Powell [1971].
Theorem 4.3 If the equations are compatible so that
there exists an x* such that f(x*) = 0, then the full step
method converges to x* provided

|7l+|)2||x£-x*||<i,
where p =

sup ||f(x) — f(y) ||/ ||x — y || (note that p >8)
x, yeR
The rate of convergence is ultimately second order.
Proof Expanding 0 = f(x*) about x£ by Taylor’s theorem
gives
f(x£) + A{(x* - x£) = - w(l)||x* - x£||2,
(4.10)
whence, comparing equation (4.10) with equation (1.3),
||r£||< !F||x*-xi||2.
(4.11)
Using equation (4.10) and the definition of p gives
8 ||x£ - x* || - JF||x£ - x* ||2 < ||f(x£) ||< p l|x£ - x* ||.
(4.12)
Also, by Lemma 2.3,
\M<1 IT II < g llx£ - x* ||
(4.13)
so that, using Lemma 2.2 with y = 1,
IT + ill < If(i 4- (g)2) l|x£

Theorem 4.2 Let AfA,- = Mt. If WMf1 ^rj f,<>0
for all directions t through x£ and all i > i0 where k is
independent of i and t, and 4 denotes differentiation in
dt
the direction t, then the full step method is first order.
Proof From
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x’

(4.14)

whence, using the inequality (4.12),
S||x£ + X ■ x* H — W ||x.
** +

1

<^l + ^j j I|x£-X*||2

(4.15)

By the triangular inequality and the inequality (4.13)
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l|Xi

+1 —

X*

||< ||Xf — X* II + ||x< + 1 — Xf II
< (l+l) l|Xi-X*||,

so that, combining this inequality with (4.15)
l|x* +1 — x* U <
(l +
IK- — x* ||2.

(4.16)

The desired convergence result now follows from the
condition in the statement of the theorem. The inequality
(4.16) shows that the rate of convergence is ultimately
second order.
5. APPROXIMATE METHODS
Variants on the basic algorithm are possible in which
equation (1.2) is replaced by an equation of the form
h* = - BtU
(5.1)
where
is to be interpreted as an approximation to A
The most important such scheme is probably that
associated with the names of Levenberg, Marquardt,
and Morrison (see, for example, Kowalik and Osborne
[1968]), in which case
Bt = (ATtAt + Xl)~iATh
(5.2a)
= ATi(AiATi+XI)-\
(5.2b)
where A > 0.
The appropriate form for Bt is that in which the matrix
to be inverted has the smaller dimension so that (5.2a)
is used when n > p and (5.2b) when n <p.
Example (i) Let / = xy (section 3), then
1
B
x2 + y2 + A
In this case the full step method gives
A + x2
*^*A + x2 + y2’
A + y2
y
A + x2 + y2 ‘
% - x2 (section 4), then
(ii) Let /
% - x3
1
B=
(— 2x, — 3x2).
4x2 + 9x4 + A
In this case the full step method gives
x—M

(x —

4x2 +9x*\- A +

i _ )2 2x + 3x2(2 + u)
^
’ 4x2 + 9x4 + A ‘
An analysis of the convergence of this modification of
the basic algorithm can be developed along the lines of
section 2, by noting that h; given by equation (5.1) is
identical with the least squares solution to the system
fr®!
' Ai ‘
f*
(5.3)
r(0 J
0 + Vai. h* = r* = lr2
In practice this observation is most likely to be of use
when p <n.
The condition for the least_ squares solution is
[ATi VAIjr, = 0,
(5.4)
whence, taking the scalar
product
of
equation
(5.3)
with
r»rf!= Ihll2(5-5)r*
Taking the scalar product of equation (5.3) with
ivaum

iifii

which shows that h, is downhill unless r,: =
1(8

f.

gives
(5.6)
and

this condition is necessary and sufficient for x* to be a
stationary point of ||f||.
The argument of Lemma 2.2 goes through unchanged
except for the replacement of r* by rp1, while the
analogue of Lemma 2.3 ensures that ||h{|| is bounded
provided a fixed value A > 0 is used. For example, in
the case p < n, we have from equations (5.3), (5.4)
((am,n)A + A)||hi||2 < hWAi + AI)h, = llfill2 - |k||2.
(5.7)
As in Theorem 2.1, the boundedness of lq ensures that
the sequence of values ||f)|| converges and that the limit
points of the sequence {xj are stationary points of ||f||.
Remark It is the boundedness of the ||hj|| which is the
most attractive feature of this algorithm, as it will be
seen from the above examples that iterating with a fixed
non-zero value of A only serves to slow the rate of con
vergence (except in (ii) when 3xe2 is negative). This
indicates that the value of A used should be as small as
possible compatible with a stable computation. The
requirement to adjust a parameter in the inverse of a
matrix can easily lead to an expensive computation.
A suggestion by Professor Golub for economising on
this in the case p <n has been implemented in Jennings
and Osborne. [1970].
An alternative possibility is to use an estimate of the
generalised inverse in which the contributions of all the
singular values of At of magnitude less than e > 0 are
suppressed. Let the singular value decomposition of At
be given by
Ai = UAVT
(5.8)
where (on the assumption that p < n) A is a pxp diagonal
matrix containing the non-zero singular values of Au U
is the matrix of the normalised eigenvectors of A{A^
corresponding to those of its eigenvalues which appear
in A, and V is the matrix of the normalised eigenvectors
of ATiA{. Let At be obtained from A by setting to zero
all elements of magnitude less than e, then we define
Cf = UAtV t
(5.9)
and take Bt = C+. From the definition of AT it follows
that
(A — At)A+t = 0
so that
(Af - Q)Bi = UT(A — At)A\U = 0. (5.10)
In this case the equation determining the search direc
tion is written
f< + C{gi = s{
(5.11)
where
0 = 0% = BiSi
(5.12)
so that
= IlSill2.
(5.13)
Taking the scalar product of equation (5.11) with f* gives
Ilf* IP + f^igi = Ik-IP
so that
f^*'g* - Ik IP - Ilf* IP - fTiAi - Ci)gi = Ik IP - Ilf* IP.
(5.14)
This shows that g; is downhill for minimising ||f|| unless
Si = ff.
Subtracting equation (1.3) from equation (5.11) and
using equation (5.10) gives
- Ai(hi - gt) = Si- ri
(5.15)
whence, taking the scalar product with f,,
Ik-IP - Ik IP = f^*(At - Bi)fi
= iTiUA(A+ - A+)UTf{
= E(f'y3(U)y
(5.16)
j
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where the index j runs over those columns of U which
correspond to singular values of At with magnitude < e.
In this case there are also direct analogues of Lemmas
2.2 and 2.3. It is clear that the search direction is
bounded as
llg.-ll < j GW — IK-I!2)i
(5.17)
Also, as A{gi = Cfg{,
f(x» + Y&) =/(x<) + yAfgi + y2||gf ||2w(y)
= fi + y(s{ - ff) + y2 ||gf ||2w(y)
(5.18)
so that the direct analogue of the inequality (2.7) follows
as before.
Thus we again have, arguing as in Theorem 2.1, that
the sequence {||fj} is convergent, and that provided the
sequence {||x,;||} is bounded its limit points satisfy
!!f|| = ||s||. However, these points are not necessarily
stationary points of ||f|| for we have
0 = fTC = iTA + fr(C - A).
Thus, using equation (5.16),
||V(l|fll2)||=2]|F(^-C)H
= 2\\irU(A - At) II
<2<||s||2- ||r|!2)i
(5.19)
so that either ||f || = 0 in which case the limit point is a
stationary point, or we have
HVOIflOII < <!|s||2 — !!r|!2)i/|]f|!.
(5.20)
In this latter case the condition for a stationary point is
satisfied to within the same tolerance as used in
defining C*.
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The Monitoring, Identification and
Control of Nuclear Power Systems with an
On-line Computer
By L. G. Kemeny*

This paper describes the “SNEDAC” data acquisition system of the School of Nuclear
Engineering, University of New South Wales. The School, in collaboration with the Aus
tralian Atomic Energy Commission, will use this computer for statistical measurements on
reactor systems, reactor diagnostic and control studies, and systems optimization.
The design and operational characteristics of “SNEDAC” are discussed. The system con
sists essentially of a low-speed data logging section presently scanning twenty channels and
outputting the information at a rate of seventy-five characters per second on a strip printer
and a paper tape channel operating in parallel. The low-speed logger is synchronised and
interfaced with the high-speed section which incorporates a mini-computer and a ninechannel incremental tape deck. This part of the system currently operates at 30,000 Hz and
it is anticipated that this performance will be eventually improved with the addition of an
FM recording system and very high speed analog to digital conversion equipment. .
The diagnostic and control functions of the system are facilitated by the provision of a
separate, hard-wired, dynamic analysis section interfaced with the computer and containing
a pseudo-random noise generator and a digital correlator. The execution of diagnostic and
control functions is based on programmed control and logic instructions and time series
analysis algorithms, in particular the utilisation of correlation and spectral analysis. The
software philosophy and the numerical algorithms utilised for on-line operation are described.

1. INTRODUCTION
Throughout its normal cycle of operation, consist
ing of start-up, steady power output and shut-down, a
power reactor is closely monitored by a variety of
instruments located in the reactor control room.
Neutron flux, fuel and moderator temperature, coolant
flow, control rod position and many other system vari
ables are carefully observed and recorded in order to
ensure the safe operation and optimum utilisation of
the nuclear power plant. With some modifications to
the instrumentation and improvements to the record
ing equipment, it has now become possible to develop
completely new diagnostic techniques for reactors.
These are based on the recording and on-line analysis
of “noise”-like signals originating from the core of the
reactor and from associated plant such as heat
exchangers. These signals, which are usually present
at all stages of reactor operation, sensitively portray
the state of the reactor system throughout its operating
history, and underline the statistical nature of nuclear
processes such as fission and thermal power generation
and extraction. Stochastic models for such signal
sources and statistical analysis of the transducer
detector outputs serve a vital threefold purpose, U.S.
Atomic Energy Commission (1964, 1967), Thie
(1963), Petersen (1961), Weaver (1963).
(1) Comprehensive monitoring and on-line display of
the dynamic behaviour of all main reactor para
meters for control and safety purposes.
(2) Recognition of the onset of unusual conditions in
the reactor core leading to possible component
failure. Prediction techniques applied in this field
can give rise to adaptive control procedures for

reactor systems and interconnected reactor plant
networks.
(3) The measurement, identification and recognition of
the transfer functions, power spectra, impulse
response and correlation function relationships
between nuclear, thermal, mechanical and hydrodynamic parameters fluctuating within the reactor
system by inherent or external perturbation tech
niques. This is a powerful method for improving
reactor system design, control and optimisation.
When operating at power, the core of the nuclear
reactor can be considered to be the source of noise-like
signals ranging from neutron and gamma population
fluctuation to temperature and pressure perturbations
in the coolant channels. These signals can be statis
tically analysed and related to the theoretical dynamic
models for the system. Mathematically the main tech
nique used in the analysis is the computation of the
auto correlation function of a single noise record X(t)
or the cross-correlation of two noise records X(t) and
Y(t) to obtain cross-correlation coefficients ^xy(r)
where ___
lim ~ X(t)Y(t +T)dt
....(1)
’/'awOO
CO Zi J

f

The fourier transform of the above function
S„ij

=b

J

txvi^e-^dr

....(2)

— CO

is called the cross power spectral density of the two
time series X(t) and Y(t) and can be directly related to
system transfer functions and impulse responses.
Amongst the most useful of inherent noise sources in

*School of Nuclear Engineering University of New South Wales, Kensington, Australia.
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power reactor systems which can be measured and
analysed in this way are:
1. Source population fluctuations.
2. Neutron density fluctuations.
3. Gamma photon fluctuations.
4. Fission product population fluctuations.
5. Reactivity perturbations through control arm or
rod movement.
6. Mechanical vibration of fuel elements or reactor
structure.
7. Hydrodynamic oscillation of moderator or coolant.
8. Two-phase flow instabilities.
9. Temperature and reaction rate perturbations.
10. Pumping speed variations.
Statistical calculations carried out on these fluctuating
variables lead to the on-line assessment of a wide
range of reactor dynamic parameters which are listed
in Table 1.
TABLE 1. Statistical Measurement Techniques
Statistical Technique

Measured Parameter

Analysis of variance
Autocorrelation of time series
Autospectra of time series
Cross-correlation of time
series
Cross-spectra co and quad
spectra of time series
System phase lags
System coherence function

System power level and
stability
System time constants
System gain and stability
System impulse responses,
time delays and propaga
tion velocities
Analysis of feed-back effects
and frequency relationships
between them
Transfer function and stabil
ity information
Signal transmission quality
of reactor including in
formation on noise sources
in core

The parameters in Table 1 incorporate statistically
fluctuating phenomena in a very wide bandwidth. The
planning of experiments, selection of transducers and
the design of the data acquisition system are influenced
by the frequencies observed. In Table 2 are listed
typical frequency bandwidths encountered in power
reactor operation and control.
TABLE 2

Delayed neutron, long-term reactivity
and poisoning effects
0.001 to 1 Hz
Pulsed neutron and perturbation pheno
mena, mechanical, thermal and hydrodynamic vibrations
0.1 to 10 Hz
Prompt neutron, neutron wave and
propagation effects
1 to 10 Hz
Sub-cooled boiling, two-phase flow and
voidage effects, flow induced vibration 10 to 50,000 Hz
Energy dependent effects
1,000 to 500,000 Hz

There are many advantages in developing power
reactor diagnostic methods based on noise analysis.
Perhaps the most important of these can be summarised
as follows:
1. Small amplitude statistically varying signals serve
to linearise the system under observation.
2. Experimental measurements may be made safely,
on-line, with minimum disturbance to operating
conditions.
The Australian Computer Journal, Vol, 4, No. 4, November, 1972

3. Much information can be obtained in a short
observation time for diagnostic, control and
optimization purposes.
4. The amplitude of inherent fluctuations may be
enhanced by the application of pseudo-random
external perturbations. Resonances can be identi
fied by impressing pure cyclic signals upon the
appropriate noise fields.
It is proposed to operate SNEDAC in any one of
four modes, each of which will be discussed in a later
section of this paper. For convenience they can be
summarized as follows:
Diagnostic Mode
The continuous on-line display of correlation func
tions, spectral densities, transfer and coherence func
tions associated with stochastic signals originating from
the reactor system. These include neutron gamma
photon and fission product density fluctuations, as well
as temperature and pressure signals and mechanical
and hydroelastic vibrations.
Monitoring Mode
The comparison of the above statistical estimates
with preset, calibrated and standardized values and
the initiation of alarm or warning signals on the basis
of such comparisons.
Identification and Optimization Mode
The utilization of the dynamic analysis section of
SNEDAC to obtain impulse response, data by cross
correlation and other techniques and, where appropri
ate, to optimize the responses to attain a desired
operational performance.
Control Mode
In this mode the role of SNEDAC will be three
fold—
(a) To investigate and where necessary to filter or
attenuate the unwanted “noise” components of trans
ducer signals.
(b) To maintain a steady power level in the reactor
by the minimization of the root mean square value of
appropriate “noise” signals.
(c) To develop techniques and software program
mable algorithms for the overall digital control and
surveillance of power reactor systems over their full
power range both in the start-up and shut-down
sequence and in emergency operations.
2. SYSTEM DESCRIPTION
The SNEDAC System is a multi-channel, computer
compatible data processor and analyzer for both
analog and digital input signals. The system is itself
equipped with limited computing capability. Alterna
tively it can be linked, on-line, to digital or analog
computers or the acquired data may be transferred for
analysis to a large digital computer through the medium
of magnetic tape. A general view of the system is
shown in Figure 1 and a block diagram is given in
Figure 2. The present system consists of five cabinets
of electronic hardware, each of which may be used
separately or as an interconnected, synchronisable unit.
The designation of the five cabinets is as follows:
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(1) Ancillary storage and recording equipment consist
ing of FM/DR instrumentation tape recorder, ultra
violet galvanometer recorder and chart recorder.
(2) Transducers and signal conditioning equipment and
power supplies.
(3) Slow-speed data logger to scan twenty channels at
speeds up to 15 Hz with both paper tape and deci
mal print output.
(4) High-speed digital data acquisition unit for dynamic
and impulse response testing. This unit contains
scalers, a digital pseudo-random noise generator
with provision made for an on-line correlator.
(5) Computing section equipped with PDP8/L Com
puter and a Precision Instruments tape recorder.
This unit also contains fast analog to digital con
verters and has been planned for expansion to 8K
core store, a disk unit and special output facilities
for on-line control purposes.
Signal flow is possible between each of the above cabi
nets and the addressing and scheduling of the opera
tion of each of the transducer channels is under the
control of the computer. At the present time the com-

IBIS

Figure 1. General view of SNEDAC System.
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Figure 2. Schematic diagram of SNEDAC System.
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puter provides a limited arithmetical capability and all
time-consuming calculations have to be carried out off
line on an IBM 360/50 installation. Communication
with the large computer is presently by means of the
incremental tape deck. At a later stage a direct data
link will be established between the two computers,
using telephone cables. The future addition of 8K
core store and a large disk will enable the SNEDAC
system to utilise a Fortran, real-time operating system.
SNEDAC is primarily designed for data collection
in the general fields of neutron physics and nuclear
science and engineering. Hence it is equipped to accept
a large range of signal input levels and frequencies.
Input transducers can be linked to electrometers
capable of accepting microvolts. High-level signals
can be processed through a precision digital voltmeter.
Between these extremes a number of other options are
provided so that only in special cases is it necessary for
the user to supply signal conditioning electronics. The
frequency response of the data channels ranges from
100 Hz to 250,000 Hz and is planned to be adequate
for a series of operations extending from slow-speed
scanning to high-speed time correlation techniques.
The slow-speed data logger consists of a precision
digital voltmeter which provides analog to digital con
version, a one hundred point reed-relay scanner, a
high-speed decimal printer and a paper tape punch.
The high-speed digital data logger consists of 13-bit
and 8-bit data channels with operational speeds up to
30 kHz. Direct in-core data flow at much higher
speeds is also envisaged. A nine-channel incremental
tape recorder provides a backing store for large quanti
ties of data and because of formatting arrangements
also makes the SNEDAC system compatible with larger
computers. For purposes of time series analysis an
overall accuracy in measurement and data processing
of 1 % is obtainable. Play-back from the tape is poss
ible for monitoring purposes. The high-speed system
has three modes of operation.
(a) On-line recording of experimental data followed by
off-line analysis.
(b) On-line recording of experimental data accom
panied by analysis for diagnostic and monitoring
purposes.
(c) On-line recording of experimental data followed
by analysis with the production of feed-back
signals for control and optimization purposes.
Software development is being currently implemented.
The basic time series algorithms are given in the
Appendix. To these will be added a library of linear
system analysis, Fast Fourier transform and regression
analysis programs. Typical machine instructions for
system logic and control purposes are given in the next
section.
The control and execution of complete
experiments will be carried out by reseachers seated
at the Teletype console.
3. SYSTEM OPERATION
All signal flow operations are controlled by system
software. At the machine language level, each input/
output device is assigned a device number. Input/
output transfer instructions contain this device number
and three levels of microinstructions. Specially-built
hardware is designed to interpret the microinstructions
The Australian Computer Journal, Vol. 4, No. 4, November, 1972

and in turn to control and transfer the data to and from
the devices. Some of the typical input/output instruc
tions are as shown below—
Mnemonic
ADSF

Octal
6301

ADVC

6302

ADRB

6311

Operation
Skip if A/D converter flag is
a 1
Clear A/D converter flag,
convert input voltage
Read A/D converter buffer
into the accumulator.

All input/output devices are connected to the com
puter standard data channel and thus operate under
“programmed data transfers”. The magnetic tape deck
can operate on the high-speed data channel—the “data
break” channel—as well, enabling high-speed block
data transfers to and from the CPU memory, by
passing all program control logic. At present, the
system software library, including both logical control
functions and mathematical algorithms, is maintained
on paper and tape, programs being loaded into memory
as required. A faste paper tape reader will shortly
facilitate this slow process and, ultimately, the pro
grams will be called up, as needed, from disk.
The system also includes a hardware priority inter
rupt facility. All input/output devices are accommo
dated in a preset priority, permitting a higher
throughput of data on the standard data channel.
The following program example illustrates how one
of the analog to digital converters would be serviced
without the use of the hardware interrupt system.
Tag
ELG CK

Instruction
IOT 6301
JMP. - I
IOT 6302
IOT 6301
JMP. - 1
JMP SR 30

SR 30

IOT 6311
DAC I XX

Remarks
Skip if Dev 30 is ready
Jump back, wait till
ready
Clear flag, convert
voltage
Skip if Dev 30 is ready
Wait till A/D ready
Enter service routine
30
Transfer data from
device buffer to AC
Store in memory list

Since the CPU is equipped with program interrupt,
software overhead during the search of the device flags
is minimised. This feature is extremely useful since in
some cases a large amount of computing is required
between I/O instructions. Addition of the hardware
priority interrupt option reduces software overhead
even further by providing the particular I/O device
number in the accumulator of the CPU after the
execution of a Test Device Instruction.
4. SYSTEM UTILISATION
A simple model for the dynamic behaviour of a
power reactor system is shown in Figure 3. This topo
logical block diagram indicates the causal relationship
between dynamic variables. The mathematical models
for such a system may be formulated and solved in
either a deterministic or stochastic sense. Experiment173
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Figure 3. Typical nuclear reactor dynamic model.

ally, fluctuating signals such as neutron population,
density, temperature, pressure and vibration are sensed
by various transducers, and, after signal conditioning,
pass through the appropriate analog to digital conver
sion channels. For example, signals from two ion
chambers may be cross-correlated to produce reactor
power spectral densities from which all the usual trans
fer function and frequency and time domain informa
tion may be computed.
All signal flow operations are controlled by software
programming from the computer. For high-speed “on
line” applications the correlation coefficients of one or
two time series can be rapidly computed in a special
purpose hard-wired correlator, prior to mathematical
processing in the computer. Alternatively signals can
be routed on to an FM/DR tape recorder or an incre
mental tape recorder prior to processing. The details
of a typical transfer function measurement are sum
marized in Table 3 and a typical result obtained is
given in Figure 4.
With the sampled data—neutron density, tempera
ture, pressure void fraction or vibration—stored either
in the core of the computer, on the incremental tape
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deck or in the correlator in the form of coefficients,
SNEDAC carries out its fourfold task as follows.
Mode 1: Diagnostics
Function^ computed

displayed include

Vertical Axis
Correlation coefficients
Spectral density
Coherence Function
Phase
Log modulus
as well as the usual sta

Horizontal Axis
Time
Frequency
Frequency
Frequency
Log Frequency
al estimates cited above.

Mode 2: Monitoring
Abrupt changes in the normal shapes, amplitudes
and frequency content of the above statistical estimates
can be recognized as the onset of unwanted reactor
conditions. Typically, boiling reactor channel hot spots,
fission product release and structural vibration can be
detected by comparison with standard, stored statisti
cal parameters. The appropriate monitoring action
might then be to actuate alarm circuits or release a
control rod.
Mode 3: Identification and Optimization
The dynamic analysis section of SNEDAC incor
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porates a device for generating pseudo-random binary
signals.
Using a cross-correlation technique, both
impulse response identification and optimization
become possible. The mathematical algorithms for
constraining impulse responses of reactor system com
ponents to a desired shape include regression analysis,
Gaussian iteration and least squares functional mini
mization. Mathematical aspects of this work will be
published elsewhere.
Mode 4: System Control
The preliminary stage of reactor control consists of
the identification and elimination of unwanted noise
signals in the reactor control circuits and instrumenta
tion which may cause unnecessary trips, false alarms
and shut-downs. SNEDAC has been designed with this
in mind. The Fokker-Planck equation of a reactor
counting channel can be solved in terms of probability
distribution generating functions which enable the
mean and variance of control circuit signals to be pre
dicted under all operating conditions. With a knowledge
of time dependent changes in the probability density
of fluctuating variables, the control of the system for a
constant mean value and variance becomes possible.
It is envisaged that ultimately SNEDAC will also be
utilized in digital control investigation embracing the
full start-up, shut-down and accident dynamics of a
nuclear reactor. Appropriate algorithms are being
investigated and programmed.
4. SUMMARY
In the general field of Nuclear Engineering, sto
chastic modelling and statistical measurements hold a
great potential for system design optimization, identi
fication, diagnosis and control. Within the sphere of
experimental measurement, the conditions which exist
in the vicinity of nuclear systems or large research rigs
preclude ease of access and present certain safety
hazards. Hence data acquisition is optimally carried
out by recording remotely the inherent fluctuations
which are present in the plant or by perturbing the
system by low-level artificial pseudo-random signals
from external sources.
The assessment and monitoring of reactor system
parameters can best be carried out by the many
algorithms of a time series analysis program, using
devices such as SNEDAC. On-line diagnostic methods
based on the display of correlation functions and
spectra become possible when the frequency response
and sensitivity of both transducer and data acquisition
computer are adequately specified.
The extension of these techniques to reactor system
identification, optimal control and prediction will
gradually take place and find practical acceptance over
the next decade.
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TABLE 3. Typical System Utilisation
Equipment

— Enriched boron ion chambers (2)
— Picoammeters (2)
— FM Recording System
— Play-back through SNEDAC low-speed data logger
— On-line data acquisition in SNEDAC computing
section
Measurement Statistics

— Bandwidth of fluctuating signal— 100 Hz
— Minimum number of samples required — 3,000
— Maximum number of lags — 300
— Frequency resolution — 0.25 Hz
Algorithms Used

— Mean, variance, standard deviation
— Histogram
— Cumulative probability density
— Drift correction
— Auto and cross correlation coefficients
— Auto and cross power spectral densities
— Transfer function
— Coherence function
— Direct on-line correlation followed by
— Fast Fourier transformation
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APPENDIX
TIMEjSERIES ANALYSIS TECHNIQUES
The basic algorithms for time-series analysis are given
below.
Consider two or more time-series
• • • xn - 1 yn -

1

then the following statistical expressions may be computed
in order to evaluate the dynamic parameters of a system
— such as a nuclear reactor — and to gain an insight
into the physical processes which are taking place
therein.
Mean values
X = (l ln)Ex
....(AI)
Y = (Xln)Sy
.... (A2)
Variances
If each value of x and y is replaced by
x=x—X

y=y —Y
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then the variances are given by
Var« = JTZTT ^

....(A3)

Var™ =

••••(A4)

Y&rxy =
Normalised Auto- and Cross-Covariances.
For a lag number s these are given by

■■■■ (A5)

n—s— 1

<P<Js) = |(n — s — lyvar** |-1

S

The cross spectrum is defined as the complex quantity
W
rr xy 4i iW
*rr xy *
These quantities are computed as follows:
Gxy(s) = (l/4)gsy(5 — 1) + (l/2)gxv(^) + (l/4)gs„(s + 1)
for i ^ 0
... ,(A13)
and
Gxv(0) = (l/2)gxv(0) + (l/2)g*s(l)
.... (A14)
where
________
Sxy(.^) = 4 V,Vara,s.Var1/„ E_ (1/2) I'Asi/O) A 'I’ydj) | •
r—0

xr + s.xr . .(A6)

r=0

.... (A15)

n —s — i

,(s) = |(n - s- l)Varvv I-1

S

r=0
___________
“

|(^

^

Jr + S-J> ■ -(A7)
v

n—s — 1

1)

4- S’JV

.... (A8)
w — s —

E

^

r —0

.... (A9)
Auto Spectra.
_
If S is the largest lag and S means the sum with the
first and last terms halved and s is the harmonic number,
then
tVxx(s) = (l/4)wxx(s — 1) + (l/2)wxx(s) + (l/4)wra(5 + 1)
for s =5* 0
... .(A10)
and
WXX(Q) = (l/2)wra(0) + (l/2)wJY)
• • • ■ (AI 1)
where
Wxx(s) = 4Vxx _E ra(r).cos|~j
. . . .(A12)
Co and Quad Spectrum.
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g$y(s) = 4 VVar^Var,,,,

E

0/2) |<A*v(r) — ^*(01 •

r=0

r=0

hxis) = \(n — 5—1) War^VarJ 1

and

rsTT
,...(A16)
J,
from which G*y(s) can be defined similarly to equations
(13) and (14). Finally, corrections for the time delay are
applied to give
Wxy{s) = Gxv(s) cos(ips) + G*/s) sindps)
(A17)
and
W*xy(s) = G*xy(s) cos(ips) - Gxv(s) sin(ipj)
.... (A 18)
where
p = tt/S
Phase Lag.
This is computed from
....(A19)
</> = arc tan (W*JWxy)
Coherence Function.
This is defined by
Wxv* + W%*
. ...(A20)
?
Wxxwvv
sin
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ACS Case Study Prize $500
In 1971, the ACS Council adopted a recommendation that a Case Study Prize of $250
be awarded annually, the objective of the prize being to encourage the interest of potential
authors of papers on commercial data processing topics. As no papers were submitted for
consideration in 1971 the prize was not awarded. Council decided in May 1972 that when
the prize was not awarded in any one year the prize money would be added to the prize
money available for the following year. Consequently the prize money now stands at
$500 for 1972. Here is an opportunity for ACS members, particularly those in the
commercial data processing field, to make known to others some of the worthwhile
work they have been doing.

Information on the preparation of papers follows:
(a) A general statement of ideal Case Study
characteristics.
(b) A reference to Case Studies with satisfactory
characteristics.
(c) A criticism of one of the sample Case Studies.
(d) A copy of the ACS Council note on the inaugura
tion of this prize.
(e) A copy of the original letter from Professor C. S.
Wallace to the ACS Council.

(b) Clear statement of criteria of acceptability and
objectives to be met.
(c) Reasonable evaluation of alternatives.
(d) Excellent description of system installed.
Note (i) Simplicity of system.
(ii) Marked emphasis on human interface.
(e) Cost analysis done in dollar terms.
(() Benefits, unfortunately, not quantified.
(g) Excellent section on post-installation experience.
(h) Unfortunately no references.

(a) General Comments
A Case Study should ideally consist of:
(a) Statement of objectives.
(b) Description of previous system and environment.
(c) Alternatives considered.
(d) Statement of criteria of acceptance, i.e. why the
system chosen was preferred.
(e) Cost-benefit analysis.
(f) Statement of why solution chosen is novel and
of interest.
(g) Description of system chosen.
(h) Report of post-implementation experience.
(i) Reference list in Standard Form.
(j) Papers to be of 5 -10 thousand words.
N.B. The system does not have to be complicated
or at this early stage particularly novel.

(d)

(b) Other Case Study Types
An alternate and equally satisfactory type of case
study is one which describes a reasonably complex
organisational environment and poses the question of
the overall management information needs of the
organisation.
Examples of this type of study would be:
“Wallace Bex Company”, Case Study 12-1. In.
R. N. ANTHONY, et ah: Management Control Systems,
Irwin 1965, or
“The Mead Corporation”, Case 17-1. In. T. R.
PRINCE: Information Systems for Management Plan
ning and Control, Irwin rev. ed. 1970.
(c) Sample Case Studies
S. R. ROWE, “Automatic Data Collection in a Con
tinuous Process Factory”: Proc. 4th Australian Com
puter Conference, Adelaide, S.A., 1969.
Comments on the case study:
(a) Reasonable description of environment and pre
vious system.
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Appendix IX
ANCCAC PRIZE SPECI AL COMMITTEE REPORT
May 10, 1971
The Secretary
Australian Computer Society
Dear Sir,
The ANCCAC Prize Special Committee at its meet
ing at 5 p.m. on May 9 agreed on the attached
Statement of Conditions for the ACS Case Study
Prize, which are recommended to Council for adoption.
Yours sincerely,
JOHN M. BENNETT

Convener.
Statement of Conditions for the ACS Case Study Prize
1. A cash prize of $250 shall be available for award
each year, and shall be known as the ACS Case
Study Prize. This prize will be awarded for the
best submitted case study of an industrial, com
mercial or administrative computer application.
2. Competition for this prize shall be open to all
members of the Society.
3. If in any year no case study of sufficient standard
to merit the award of the prize is submitted, the
Council of the ACS may suspend the award in that
year.
4. If the prize is awarded for a case study submitted
in the names of more than one author, the prize
is to be divided equally among the authors.
5. The Council will make its decision concerning
the award of the prize for the previous year at its
first meeting in any year, beginning in 1972. Case
studies should be submitted in triplicate, so as
to reach the Secretary of the ACS before the end
of the year for which the prize is awarded.
6. A case study submitted for the ACS Case Study
Prize should be concerned with a computer appli177
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cation, and should cover preliminary studies (in
cluding a description of the environment of the
application), system design, equipment specification,
selection and installation (if relevant), and sub
sequent implementation. It should conclude with
a critical summary of possible improvements in
the light of operating experience.
7. The Editor of the Australian Computer Journal
may publish any case study in the ACJ if he
considers it suitable for publication.
(e)
May 23, 1969
The Secretary,
Australian Computer Society,
P.O. Box 104,
SOUTH MELBOURNE,
Victoria 3205.
Dear Sir,
We wish to propose to the ACS that it institutes an
annual prize or prizes for papers of general interest
describing particular commercial computer applica
tions.
Generally speaking, the commercial membership of
ACS is not proportionally represented in papers
delivered at ACS meetings, or in the Australian
Computer Journal. That this is so, of course, reflects
in no way on these members but rather on the
much greater emphasis on publication in the academic
and government worlds, where the employing bodies
consider the preparation of papers an integral part
of the job. The same disproportionally low publication
rate of papers on business applications is apparent
in most computing journals.
At Monash University, we feel that the business
applications of computers should receive great
emphasis in the academic courses we provide. Many
of our graduates will, we hope, find employment in
business data processing, and the demands of business
have been responsible for much of the recent develop
ment in computer design, particularly in the peripheral
equipment areas.
In short, business applications
account for the greater part of all computer use and
of all computer staff effort. This being so, the relative
lack of published work on business applications is
to be deplored. We therefore propose that a substantial
prize be offered by the ACS to encourage such papers,
not only financially, but by awarding formal recognition
of professional excellence.
The technique and theories of ‘scientific’ computing
are very well publicised in the literature, perhaps even
to the point where formal theoretical structures are
erected too far in advance of practice. However, in
business applications, much of the best of current
practice exists only as word-of-mouth folk-lore,
absorbed by osmosis in the field from master to
apprentice. Inevitably, much of the effort in setting
up a business application is duplicated in installation,
after installation as no effective publication medium
exists to let one person benefit by others’ insights and
mistakes. While the suggested annual prize would be
only a very small step towards rectifying this problem,
it would, we believe, be a useful and fruitful one.
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One of the reasons for the lack of business-oriented
papers may well be that the problems encountered
have not as yet proved amenable to description or
solution by elegant and general formal theories, yet
undoubtedly most journals exhibit a bias towards
papers having a formal theoretic basis. We therefore
proposed that the papers take the form of case studies,
not necessarily including any formal theory what
soever. This may encourage potential authors by
countering their impression that what they have done
is not worth publishing because it was not sufficiently
theoretical or general.
A further, and selfish, reason for preferring casestudy format is that we hope the prize papers would
form valuable teaching material in the courses we
and other institutions offer. Again, the lack of a
formal and comprehensive theoretical basis makes it
difficult to teach the arts of business data processing
without relying heavily on case material. The lack
of case studies published in a form accessible to
students is a real handicap to teaching, and forces
us to rely more heavily than is healthy on concocted
examples probably too idealised to convey much
information about real-time problems.
A suggested set of rules for the prize follows.
OBJECTIVES
1. To share Australian experience of the growing
commercial data processing profession on new
techniques, on novel applications, on state-of-theart applications of unusual efficiency and on prob
lems of exceptional difficulty, found in commercial
electronic data processing.
2. To make available suitable systems analysis and
design case study material to all bodies involved
in commercial data processing education at an
advanced level.
3. To encourage the publication of papers of pro
fessional standard on new approaches to commercial
data processing problems so as to limit duplication
of research and development effort and to improve
the professional standards of the industry.
4. To encourage efficient management and utilisation
of commercial computer facilities.
5. To provide a source of material suitable for dis
cussion at Society meetings.
CRITERIA OF PAPER EVALUATION
1. Papers should be of substantial but publishable
length, e.g. 5 to 10 thousand words.
2. Papers should state the problem in sufficient detail
that a clear appreciation of real limiting factors
is available to the reader.
3. All economically feasible alternatives should be
explicitly described and evaluated.
4. Reasons for preferring the solution chosen should
be clearly stated.
5. Novel aspects of the solution should be described.
6. References should be quoted where possible for
justification of any key factors.
7. Where possible, operational experience with the
installed system should be summarised and critical
‘second thoughts’ included in the discussion.
The Australian Computer Journal, Vol. 4, No. 4, November, 1972
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SUGGESTED PRIZE
A prize of $500 to be allocated annually between
the three most suitable papers, the method of allocation
to be determined.
PUBLICATION
It is proposed that the first prize-winning paper be
published in the Australian Computer Journal and that
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other prize-winning papers be considered for
publication.
COPYRIGHT
The copyright of all papers submitted to the Society
would rest with the Society.
Yours faithfully,
C. S. WALLACE,

Professor of Information Science.
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The Standards Association of Australia
General
The documents reported in this edition represent
steady progress rather than any major changes. It
is to be noted that AS1189-1972 on vocabulary has
been issued as an Australian Standard pending finalisa
tion of the ISO document., which still appears to be
some distance away.
A meeting of TC 97 was held in Venice from June
20-22. Apart from the usual subcommittee reports,
the main items for discussion appear to be co-operation
with other ISO committees in areas of overlap and
a widening of scope of TC 97.
All documents listed may be obtained on request
from
Mr. R. K. Profitt,
Engineering Secretary,
Committee MS/20,
Standards Association of Australia,
Clunies Ross House,
191 Royal Parade,
Parkville, Victoria, 3052.

Expert Group SCI
ISO/TC/97/SCI (Secr.-115) 224

Title: Section 7—Digital Computer Programming.
Dale: December, 1971.
No. of Pages: 55.
Abstract: This is the newest version of the section of the
vocabulary dealing with Digital Computer Programming.
While the document has not yet been put forward for
review as a draft recommendation it appears to be
approaching that stage.
Index: Vocabulary, glossary, dictionary.
ISO/TC/97/SCI (Secr.-115) 227

Title: Section 9—Information Theory Fundamental Terms.
Date: November, 1971.
No. of Pages: 10.
Abstract: This document supersedes document ISO/97/SC1
(Berlin 70-7) 188.
Only the fundamental terms for a general introduction
to Information Theory are contained in this document
and are proposed for insertion in the Information Theory
Section of the vocabulary.
Index: Vocabulary, glossary, dictionary.
ISO/TC/97/SC1 (Secr.-119) 231

Title: Result of Letter Ballot on Document 97/1/N221.
Date: October, 1971.
No. of Pages: Eight.
Abstract: This document is the result of the Letter Ballot
on document 97/1/N221 on Component Units of Con
trol—Input and Output Equipment, and includes a
synthesis of the comments received. The ballot was in
favour of the document.
Index: Vocabulary, glossary, dictionary.
ISO/TC/SC1 (Secr.-120) 232

Title: Appendix to Section 9 (Information Theory Funda
mental Terms).
Date: November, 1971.
No. of Pages: Eight.
Abstract: This appendix of Section 9 covers Information
Theory Derived Qualitative Terms. The meanings of
the terms are in general given by mathematical formulae
with an associated description.
Index: Vocabulary, glossary, dictionary.
ISO/TC/97/SCI (Secr.-123) 235

Title: Result of Letter Ballot on Document 97/1/N230.
Date: February, 1972.
No. of Pages: Three.
Abstract: This document indicates that 97/1/N230 has not
received approval. The document concerned covered
ISO

Miscellaneous Applications of Data Processing—Opera
tions Research.
97/1/N235 also contains reasons for the rejection.
Index: Vocabulary, glossary, dictionary.
ISO/TC/97/SCI (Secr.-114) 236

Title: Chapter 17—Component Units of Arithmetical Equip
ment.
Date: January, 1972.
No. of Pages: Four.
Abstract: This document is the latest variation replacing
Section Q of the base document and is concerned mainly
with the names of major hardware components of a
computer.
Index: Vocabulary, glossary, dictionary.
ISO/TC/ 97/SCI (Secr.-125) 237

Title: Result of Letter Ballot on ISO/DR2452.
No. of Pages: Four.
Abstract: This document summarises the result of the Letter
Ballot and gives a synthesis of comments on draft recom
mendation 2452. which covered the preparation and
handling of data. The latter ballot was in favour of the
document.
Index: Vocabulary, glossary, dictionary.
ISO/TC/97/SCI (Secr.-126) 238

Title: Chapter 3 General Hardware.
Date: March, 1972.
No. of Pages: Seven.
Abstract: This document is a draft proposal for terms
covering General Items of Hardware for inclusion in the
vocabulary of Information Processing. It is meant to cover
such areas as circuits and signals processing modes and
logic devices.
Index: Vocabulary, glossary, dictionary.
ISO/TC/97/SCI (Secr.-128) 240

Title: Section 14—Reliability and Maintenance.
No. of Pages: Four.
Abstract: A first draft proposal for the section of the
vocabulary dealing with Reliability and Maintenance.
This is section N of the base documents.
Index: Vocabulary, glossary, dictionary.

Expert Group SC2
DOCUMENT ISO/TC97/SC2—539

Title: Proposed Revision of R1001, Magnetic Tape Labelling.
No. of Pages: 29.
Abstract: This revision differs technically from the original
R1001, in the introduction of the record spanning
technique. There has been substantial editorial revisions
also.
The proposal is divided into two parts.
(a) Definitions and rules.
(b) Implementation.
S.A.A. Action: Comments are requested from interested
parties—a ballot response to ISO was requested by
February 15 but Australia did not reply.
DOCUMENT ISO/TC97/SC2—561

Title: Second Draft Proposal on Procedures for Registration
of Escape Sequences.
No. of Pages: Four.
Abstract: This specifies procedures for preparing and main
taining a register of escape sequence meanings.
The decision on acceptance will be made by a vote
within the coding sub-committee (SC2). Submissions may
be made by
(a) An ISO Technical Committee or Sub-Committee;
(b) A group appointed within the Committee;
(c) Member-body of ISO (e.g. S.A.A.);
(d) International Organisation having liaison status with
ISO.
S.A.A. Action: For information and comment by interested
parties.
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Standards Association
DOCUMENT ISO/TC97/SC2—562

Title: Third Draft Proposal for Code Extension Techniques
with 7-bit Coded Character Set.
No. of Pages: 42.
Abstract: The proposal is contained in four sections dealing
with
(a) Extension of 7-bit code in 7-bit Environment;
(b) Structure of 8-bit Code;
(c) Extension of 8-bit Code in 8-bit Environment;
(d) Relationship between 7-bit and 8-bit code.
The code table is subdivided into Control and graphic
subsets with the two specials (space and delete).
Useful diagrams for describing the techniques are used.
S.A.A. Action: For information and comment by interested
parties.
DOCUMENT ISO/TC97/SC2—568

Title: Report of SC2 Meeting—Tokyo, October, 1971.
No. of Pages: 35.
Abstract: A total of 13 resolutions were made at the
meeting in the following area:
1. Coding of OCT and MICR characters—Doc. 554. To
be forwarded to ISO as Draft Standard.
2. Graphical Representation of Control Characters—
Doc. 560 to be forwarded to ISO as draft standard.
3. Revision of R646/7-bit Code—some revisions were
made to Doc. 525 as a revised standard to be
balloted during April/September, 1972.
4. Extension Techniques—Doc. 562 to be sent to ISO
as a draft standard.
5. Further work on Extension Techniques — to go
beyond Doc. 562.
6. Procedure for Registration of Escape Sequences—
Doc. 561 with editorial amendments to be forwarded
to ISO as Draft Standard.
7. Procedure within SC2—Doc. 441 to be revised within
SC2.
8. Parallel Data Transmission—a need for this has been
not established and it is now not included in program.
9. Mag. Tape Labelling—Doc. 559 to be circulated inter
nally within SC2 for comments.
10. Coding on Mag Tape Cassettes—comments on Doc.
535 are requested from member bodies.
11. Scope of SC2—Data format work (including mag.
tape labelling) should be transferred to another sub
committee.
12. Voting Procedures — no reply to be recorded as
voting-in-favour.
13. Thanks to Japan as host.
S.A.A. Action: For information only.

Expert Group SC4
DOCUMENT ISO/TC97/SC4/WG1 (Secr.-I16)
DOCUMENT ISO/TC97/SC4/WG5 (Secr.-35)
Title: First Draft ISO Proposal. Vocabulary for Magnetic
Tape and Instrumentation Tape.
Date: Not stated.
No. of Pages: 45.
Abstract: As Title.
Index Terms: Magnetic Tape—Vocabulary, Vocabulary—
Magnetic Tape.
DOCUMENT ISO/TC97/SC4 (Secr.-89) 151
DOCUMENT ISO/TC97/SC4/WG5 (Secr.-34) 123

Title: Second Draft ISO Proposal for recorded magnetic
tapes (standard tape speeds and track configurations) for
instrumentation applications.
Date: Not stated.
No. of Pages: 17.
Abstract: This Draft ISO Proposal specifies standard tape
speeds and track configurations to allow maximum inter
change of instrumentation magnetic tape records. It
covers tapes with a nominal width of 2”, 1”, 0.5”, and
0.25” and for each case specifies tape dimension, track
widths and track spacing, for a range of allowable
formats.
Appendix A provides a series of definitions for use in
the contest of the specification.
Index Terms: Magnetic Tape—Instrumentation, Magnetic
Tape—Track Configurations.
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DOCUMENT ISO/TC97/SC4/WG1 (Turin 71-3) 354

Title: United Kingdom Position Paper on the Accuracy of
Meter Dimensions contained in ISO/R 1861—1971 ‘7TRACK 8 RPmm (200 RPI) Magnetic Tape for Informa
tion Interchange’ and ISO/R 1862—‘9-TRACK 8 RPmm
(200 RPI) Magnetic Tape for Information Interchange’.
Date: October, 1971.
No. of Pages: Four.
Abstract: As Title.
Index Terms: Magnetic Tape, 7-track, 200 r.p.i. Magnetic
Tape, 9-track, 200 r.p.i.
DOCUMENT ISO/TC97/SC4/WG1 (Secr.-109) 360

Title: Sixth Draft ISO Proposal for 9-Traclc 12,7 mm (-) in.)
Wide Recorded Magnetic Tape for Information Inter
change, 63 rpmm (1600 rpi), Phase Encoded.
Date: Not stated.
No. of Pages: 18.
Abstract: This proposal specifies a 9-track, 1600 r.p.i., i”
wide magnetic tape for interchangeability between infor
mation processing systems, communication systems, and
associated equipments which use the 6- and 7-bit coded
character sets standard currently being prepared. The
proposal deals with layout and physical characteristics
of tracks and gaps in the recording area and includes
dimension and position information for reflective markers.
Included are diagrams which show track layout and the
placing of reflective markers.
Index Terms: Magnetic Tape, 9-track, 1600 r.p.i.
DOCUMENT ISO/R 1729-1971 (E)

Title: Properties of Unpunched Paper Tape.
Date: March, 1971.
No. of Pages: 21.
Abstract: This ISO recommendation specifies the physical
properties of paper tape to be used for data interchange,
when the tape is in the unpunched condition. As well as
specifying dimensions it describes the chemical and
physical properties of the tape and its coiling. A series
of Annexures deal in detail with sampling procedures,
testing conditions and testing methods.
Index Terms: Paper Tape—Unpunched, Unpunched Paper
Tape.
DOCUMENT ISO/TC94/SC14 (Secr.-53) 162

Title: Working Paper. Philosophy of Control Assignment on
Keyboards.
Date: November, 1971.
No. of Pages: 14.
Abstract: As Title.
Index Terms: Keyboards—Control Assignments.
DOCUMENT ISO/TC95/SC14 (Japan-6) 190

Title: Human Factor Studies on Function Key Arrangements
for Electronic Calculators.
Date: November, 1971.
No. of Pages: Nine.
Abstract: As Title.
Index Terms: Keyboards.
DRAFT INTERNATIONAL STANDARD ISO/DIS 2690

Title: Unrecorded Magnetic Tape for Instrumentation Appli
cations—Physical Properties and Test Methods.
Date: March, 1972.
No. of Pages: Five.
Abstract: As Title.
Index Terms: Magnetic Tape—Unrecorded, Unrecorded
Magnetic Tape.
DOCUMENT ISO/TC95 (Secr.-150) 268

Title: Draft International Standard. Guidelines for the
Harmonization of General Purpose Alphanumeric Key
boards.
Date: January, 1972.
No. of Pages: 13.
Abstract: This Draft International Standard, which applies
to general purpose alphanumeric keyboards intended to
implement sets of characters based on the Latin alphabet,
aims at providing future harmonization of the different
keyboard layouts by means of an internationally re
cognized set of guidelines which can be used by national
bodies in preparing their own standard layouts. In
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Standards Association

addition to the characters covered by ISO/R2126, it
deals with the pairing and allocation of symbols and
punctuation marks having universal or widespread usage
and with the allocation to specific keys of the national
alphabetic extenders and/or diacritical marks.
Index Terms: Keyboards.

Expert Group SC6
ISO/TC97/SC6 (Secr.-79) 419

Title: Digital Data Transmission.
Date: Not stated.
No. of Pages: 25.
Abstract: The document contains reports of the following
CCITT meetings held in November and December, 1970;
(a) Joint Study Group NRD (New Data Networks),
(b) Special Study Group A (Data Transmission).
These reports have been prepared by the ISO delegate
who attended the meetings and was intended as an
interim advice pending the issue of reports by CCITT
(subsequently issues as ISO/TC97/SC6 (The Hague 71-2)
447 and ISO/TC97/SC6 (The Hague 71-3) 448, respec
tively).
The ISO report on NRD defines the working arrange
ments of the working party, the terms of reference of
sub-working parties, their programmes of study and the
future meeting dates.
The ISO report Special A summarises the main points
which arose at the meeting, some prominence being
given to “Acoustic Coupling” and “ISO request to CCITT
for Action and Information on National Regulations,
etc.”.
S.A.A. Action: For information only.
ISO/TC97/SC6 (U.K.-35) 425

Title: New Data Networks.
Date: April, 1971.
No. of Pages: Five.
Abstract: The U.K. submission comments on the functional
aspects of the Data Terminal Equipment Interface
between users’ terminal equipment and new data networks.
For the start-stop mode, the submission proposes that
control signalling between the user and the network
should be at the same rate as the users’ data (a two-wire
plus common-return interface is supported and the lack
of bit sequence independence noted).
For the synchronous mode, a five circuit plus common
return interface is proposed. Other features of the pro
posal include:
(a) the use of 10-bit network envelope (line signalling
rate and network clock required to be 25% greater
than the users’ data signalling rate),
(b) “burst isochronous transmission” is illustrated for the
transfer of data,
(c) true isochronous data transfer at the CCITT standard
rate would involve higher DCE cost.
S.A.A. Action: For information only.
ISO/TC97/SC6 (The Hague 71-2) 447

Title: Joint Working Party on “New Data Networks”.
Date: December, 1970.
No. of Pages: 60.
Abstract: The CCITT joint Working Party, NRD, met in

November, 1970, and the document contains the full
report of that meeting.
The report includes a reference to the following points:
(a) the establishment of working parties, their terms of
reference and programmes of study;
(b) new data network plans formulated by certain ad
ministrations;
(c) interworking and signalling between
(i) anisochronous networks
(ii) synchronous networks
(iii) synchronous and isochronous networks;
(d) definition of an interface between the network provid
ed by an administration and the Data Terminal Equip
ment provided by the user;
(e) user facilities and important network parameters;
(f) proposed categories of data service, and the corres
ponding modes of transmission.
S.A.A. Action: For information only.
ISO/TC97/SC6 (The Hague 71-3) 448

Title: Working Party of Special Study Group A on “Main
tenance”.
Date: December, 1970.
No. of Pages: 30.
Abstract: The document reports on the “Maintenance Work
ing Party” meeting held from 30/11/70 to 4/12/70.
The report includes a reference to the following points:
(a) limits for signal quality of data tranmission;
(b) organisation of maintenance;
(c) limits for the maintenance of data transmission
channels;
(a) measuring apparatus;
(e) extensions of Recommendation M102.
(f) limits for impulsive noise;
(g) definitions;
(h) draft recommendation for a comprehensive data test
for high transmission rates;
(i) specification of private point to point or multi-termi
nal circuits.
S.A.A. Action: For information only.
ISO/TC97/SC6 (The Hague 71-4) 449

Title: Working Party of Special Study Group A on “Modems
and Interfaces”.
Date: December, 1970.
No. of Pages: 68.
Abstract: The document reports on the “Modems and Inter
faces” Working Party meeting held from 30/11/70 to
4/12/70.
The report includes a reference to the following points:
(a) Duplex data transmission at 200 bauds alternating
with telephony;
(b) Complement to standardization of the modem at
600/1200 bauds;
(c) Modem for data signalling rates above 1200 bits/s
on the general switched telephone network and 2,400
bits/s on telephone type leased circuits;
(d) Data transmission over 48 kHz and 240 kHz circuits;
(e) Comparative tests of modems;
(f) Transmission constraints on wideband data systems;
(g) Modems for transmission of medical analogue data.
S.A.A. Action: For information only.

CONFERENCE
The Australian Society for Operations Re
search is holding a National Conference at
Monash University, Melbourne, on August 20th22nd, 1973, to discuss progress made in the use
of planning models, and the role of these models
in the future. The theme is:
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“The Pursuit of the Best Solution”
A Call for Papers has been made, and the
address to contact is The Programme Chairman,
ASOR, 1973 National Conference, 3rd Floor,
332 Albert Street, East Melbourne, Victoria,
3002.
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Letters to the Editor
Dear Sir,
I feel compelled to disagree with several points in
Mr. Taylor’s paper, A.C.J., Vol. 4, No. 3. One is
inclined to assume from his emphasis that the pro
grammer is basically responsible for any lack of
professionalism within the Computer Industry. He
seems to be suggesting that this can be solved by
educating the criminal, i.e. the programmer. He argues
further that the A.C.S. can influence matters by award
ing the title of “professional” (i.e. corporate member)
to appropriately qualified and experienced practitioners
of the Art.
I would like to suggest that the present state of the
industry is largely a function of management, not the
programmer. It is management who decides objectives,
who provides release for educational purposes, who
accepts or rejects technical advice from programmers
and who (usually) determines salaries.
The attitudes of programmers with whom I have
worked in four different establishments would rival
the conscientiousness of any other professionals, and I
believe that this was largely due to management. I
might add that the qualifications of those involved
were quite varied.
If the A.C.S.’s moves toward full professional status
result in changes in the structure and attitudes of
management, then it will have some impact upon the
quality of work being produced.
Programmers are only human, and like other
humans tend to live up to their superiors’ expectations.
I think that most experienced people are fully aware
of the fact that computer science is developing, and
that new graduates have superior technical knowledge.
Most would probably jump at the opportunity to
undertake additional formal training. However, there

are few courses suitable for full-time employees and
even fewer managers who take the development of
their staff seriously enough to release them for ex
tended study.
There are quite old books and papers on software
project organization and control. If Mr. Taylor is to
be believed, they haven’t been read.
The question of professionalism within our industry
will be argued for a long time yet—for me, the
problem is largely one of management attitudes.
Karl Reed
(REPLY TO LETTER FROM KARL REED)
Dear Sir,
I do not disagree with most of Mr. Reed’s points.
The influence of good management can be quite strong
in bringing out the best in the individual programmer
and can make his performance more “professional”.
However, my main concern is with the individual
programmer. In the absence of good management,
the individual is left to develop himself. I would like
the individual programmer to become more aware of
any shortcomings he may have and of the need for
continual personal development. The A.C.S. in seeking
to represent the E.D.P. Community seems to be the
obvious choice for the task of setting standards for
this purpose and for monitoring their observance.
At the same time, the remarks in my paper were
addressed to any individual, be he programmer or
manager. The individual manager needs to be at
least as enlightened as his programmers. It is not
enough merely to read the books and papers on soft
ware project organisation and control, it is necessary
to put the principles into practice.
A. A. Taylor
EDITOR, A.CJ.

On-Line Libraries—Implications for Australia
A five day seminar will be conducted by the
Special Libraries Section at the Australian
National University, from 12-16 February, 1973.
The lecturers will be Miss M. Griffin, Library
Manager, and Mr. R. W. Alexander, Systems
Manager of I.B.M., Advanced Systems Develop
ment Division, Los Gatos, California, U.S.A.
The fee will be $80.00 for L.A.A. members
and members of associated organisations such
as the Australian Computer Society and $100.00
for others. Accommodation will be available at
Bruce Hall, A.N.U., from 11-16 February at
$12.60 per day full board. The Seminar fee in
cludes the attendance at the seminar, morning
and afternoon tea and lunch and the seminar
dinner.
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Application forms will be available in Novem
ber, 1972, and enquiries may be made from:
Miss M. Cuzens,
Hon. Secretary—Special Libraries Section—
L.A.A.
C/- The Engineering Library,
Australian Post Office,
59 Little Collins Street,
Melbourne, Vic., 3000 Ph. No. 63 0331
The seminar will be designed as a learning
session: system analysis, system design, what
procedures might be established in libraries now
to prepare libraries for on-line systems in the
future; preparing for conversion to a new system
and the learning period.
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Book Reviews
Alan Daniels and Donald A. Yeates (ed.), Basic Training in
Systems Analysis, second edition. Pitman Publishing on
behalf of the National Computing Centre, Pp. xiii + 301.
$9.80.
To! meet the urgent need for trained systems analysts, the
National Computing Centre of Great Britain developed the
National Plan for Systems Training. The plan provides for
five stages alternating between formal training and informal
on-the-job training under supervision. The stage developed
first was the Basic Systems Analysis Course, which takes
six weeks of formal training. The purpose of this course is
to turn out a junior systems analyst “capable of working
in a systems team under supervision with a predetermined
systems outline, to analyse, design and implement computer
procedures and associated non-computer procedures, includ
ing the production of necessary documentation and instruc
tion manuals”. The course is intended for people who are
moving into the field of systems analysis for the first time
and whose previous job experience has been supplemented as
necessary by a preliminary short course in Business Studies
or Data Processing.
The editors of Basic Training in Systems Analysis describe
the book as having been “prepared as a companion text to
the N.C.C. Basic Systems Course. It should act as a reference
text for the teacher and a revision aid for the student, as
well as being good general reading for many practising
systems analysts”. The book covers substantially the same
material as the Basic Systems Course, and at a similar depth.
The considerable success of this course indicates the
appropriateness of the material and its treatment in the
book.
Topics covered are:
The role of the analyst.
Fact finding and fact recording.
Design of inputs, outputs and files.
System documentation and communication.
Controls within and over the system.
System validation and justification.
The implementation process.
Data processing equipment and computer software.
The level of discussion of most topics is elementary—the
reader with any experience of either business practice or
data processing will find sections which say nothing new. On
the other hand, few readers will not find some sections
helpful, either because of the material contained or because
of the way it has been organised.
The book places a heavy emphasis on the variety of com
munication skills needed by the analyst/designer in the
various phases of his job, ranging from investigation, through
documentation, to selling the system at all levels of the
users’ organisation. This emphasis is particularly useful for
technology—oriented programmers who are being prepared
for organisation—oriented systems work. The N.C.C. System
Documentation Standards have been incorporated into this
second edition, and are used in all examples. Students using
the book in conjunction with the Basic Systems Course have
access to the N.C.C. Systems Documentation Manual which
defines these standards. However for other readers an
appendix outlining the fundamentals of the standards would
have been useful.
It is unfortunate that the recognition of the importance
of standards in documentation is not carried through to other
areas. The five pages headed Standards for files make no
mention of the fundamental concepts of standard data item
definitions and standard data structures within an organisa
tion, or of compatible file structures. It seems to be taken
for granted that programming languages bind each system
to a particular machine, with no suggestion that standard
languages might offer a solution to this problem.
There are two topics which I feel should have been re
written for the second edition of this book. The chapter on
file design leaves too much unsaid, and this inadequacy is
only partially rectified in the appendix on information
retrieval. The single further reading reference for this
chapter is now almost ten years old. “The tendency towards
increasing the level of sophistication of treatment in such
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areas as file organisation and file processing has been re
sisted, as those are subject for future and more advanced
texts. This book continues to be exactly what its title indi
cates” (from the Preface). But it is at least open to question
that today these subjects are basic to the systems analyst.
The section on decision tables also does not reflect current
understanding of the topic, and errors in this section which
occurred in the first edition are still present.
The further leading references are generally useful. For
those using the book independently of the N.C.C. course, the
limited exercises could well be supplemented by an appendix
of comments indicating the general requirements of suitable
answers.
Books which attempt a comprehensive training program
for junior analysts are rare, and this one is an important
member of the group. Despite its shortcomings, it will be
very useful for programmers who find that they are expected
to be systems analysts, and for all those involved in formal
or informal training programs with purposes similar to
that of the N.C.C. Basic Systems Analysis Course.
Reference
Systems Documentation Manual. The National Computing
Centre Ltd. 1969.
M. MUETZELFELDT
Codasyl Data Base Task Group, April, 1971, Report:
Available from Association for Computing Machinery,
British Computer Society, IFIP Administrative Data
Processing Group, pp. 269, SUS6.00.
This is the second report of the Codasyl Data Base Task
Group (DBTG) and it is the result of considerable alteration
and expansion of the first report1. The purpose is to define
two types of language—a Data Description Language (DDL)
and a Data Manipulation Language (DML)—to be incor
porated in the design of generalised data base management
systems. The languages primarily pertain to the definition and
manipulation of data structure, but they also provide for a
number of other features important in the use of large data
bases. These include multiple processing languages, concurrent
access and multiple applications of the data base, a variety
of data structure and search strategies to be tailored to the
requirements of individual applications, device and data
independence for programs, and protection.
There are four major sections in _ the report, the first
dealing with concepts and the remainder being language
definitions. The concepts are not new but represent a con
sensus and integration of ideas evolved by major manufac
turers and users in the United States. The report is not a
complete specification of a data base management system
and so it briefly defines a conceptual system to give context,
and it enumerates essential system support functions. The
languages specified are designed for host language environ
ments (see 2) with specifications for self contained capabilities
deferred on the grounds that the current specifications provide
a necessary foundation.
The DDL for the Schema is designed to provide a complete
description of a data base. It is intended that schemas be
translated into object tables or directories for reference on
all subsequent data manipulation. A schema will be written
by the body performing the “data administrator function”,
that is the overall function of protection, coordination and
organisation for the data base. Entries so defined are compound
repeating groups, they are called records and record instances
can be involved in an arbitrary number of instances of
different group relations called sets. The resulting data struc
ture is a network of records. Any implementation must
assign each record a unique logical identifier which can be
used to subsequently retrieve the entry. A schema will also
define data representation, access methods, placement, privacy
locks, procedure invocation, logical ordering of entries, index
ing and selection of entries by relational properties. These
mechanisms will be automatically invoked upon any command
to manipulate the data base.
It is the intent of the proposal that a DDL and DML be
The Australian Computer Journal, Vol, 4, No. 4, November, 1972
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designed for each host language required. The report defines
these languages for a COBOL host language. Such DDL’s will
be used to write sub-schemas which must always be invoked
in conjunction with the data base schema. Sub-schemas have
three main purposes (1) to interface a particular host language
and application to the data base (2) to limit an application
to a subset of the data base (3) to provide data independence
by permitting some changes to the schema and data base with
out requiring any change in the application program. Sub
schemas may define new privacy locks and different data
characteristics and map entry data structures. DML’s will
consist of statements for control, retrieval and modification
of the data base. For this purpose there are specifications for
implicit program-system communication areas to convey data
base status, currency and to exchange data values. Two
methods are provided for protecting the integrity of a data
base during concurrent access:
1. the locking of sets or areas (collections of record types),
2. warning to a run-unit of alteration of an accessed record
by a concurrent run-unit, if requested (locking of individual
records has been rejected on the grounds of excess over
head)
The first method is foolproof from the data administrator
viewpoint but can lead to deadlocks. The second method relies
upon the correct behaviour by each application program in
volved in order to ensure integrity.
Programming in these languages will call for considerable
skill at the data organisational level. For example the pro
grammer using a DML must be aware of access modes and
area constraints. Some aspects of the DDL imply that re
organisation of a data base, either for the purpose of introduc
ing new relations and deleting old relations or for the
purpose of reordering entries in storage, will present diffi
culties and may require changes to application programs. For
example the data base key concept implies a virtual addressing
mechanism which will inevitably introduce constraints.
However such techniques eliminate the need for data
redundancy and offer the prospect of building efficient self
contained update and retrieval functions with established
technology. Criticisms of this approach are given in 3 and
The languages are proposed in narrative form with a
lengthy list of reserved words. The format of presentation is
that of the Codasyl Cobol Journal of Development. Each
statement definition is followed by a list of system rules and
general rules which for the most part are defined clearly and
at length. The languages have been proposed as the basis
for standards and for this reason alone the report deserves
the attention of all managers, analysts and programmers
concerned with the problems of representing and manipulating
information. A discussion of the issue on standardising in
data base management is given in 5 and it has this report
as its main focus.
References
1. Codasyl Data Base Task Group, October, 1969, Report.
2. Feature Analysis of Generalised Data Base Management
Systems. Codasyl Systems Committee, May, 1971.
3. Engles, R. S. (1971): An analysis of the April, 1971,
Data Base Task Group Report. A position paper presented
to the Codasyl Programming Language Committee by the
IBM representative to the Data Base Task Group.

4. Codd, E. F. (1970): A relational model of data for large
stored data banks, Comm. ACM, Vol. 13, p. 377.
5. The debate on data base management, EDP Analyzer,
Vol. 10, No. 3, March, 1972.
J. L. SMITH
Walter R. Fuchs, Computers Information Theory and
Cybernetics. Rupert Hart-Davis Educational Publications—
Price $8.15 Pp. 357.
As one suspects from the title, this book is an attempt to
popularise concepts in these three areas. It is beautifully
illustrated in a most comprehensive and understandable way.
The author has not hesitated to make use of the cartoon,
the comic book character and ingenious diagrams to convey
his message.
A major part of the book is based on the thesis that to
understand concepts we must understand the form and use
of language. With painstaking care the author illustrates the
role of language in the understanding and formulation of
basic ideas in cybernetics. This introduction over the first
three chapters leads naturally into his discussion in follow
ing chapters on information theory, with its concepts of
redundancy, encoding and communication channels.
The descriptions of the concepts of information theory
run through chapters 4-6 with chapter 7 bringing together
material from language, information theory and logic in a
smooth transition to the relationship between logic and
thought. The author uses, with great effect, diagrams of
inter connecting systems of water pipes and taps to illustrate
the meaning of logic formulae, showing in chapter 8 how
such formulae are related to decision making processes and
how these processes are mechanised.
The easy flow of the book continues in chapter 9 with an
introduction into the use of logic in switching systems and
its application to the development of the digital computer.
In the process the author manages to provide a lively series
of illustrations and examples on various number systems,
and why the binary number system has proved to be most
useful for automatic digital computers.
The final chapters of the book travel from descriptions
and illustrations of hardware components of computers
through the concept of programming to game playing
machines. The last chapter, on the future aims for automata,
is a concise summary of much of the interesting work that
has been carried on outside the computing field in simulating
behaviour with mechanical devices. Mechanisms such as those
developed by W. Grey Walter are discussed, as well as the
significance of Pavlov’s work on conditioned reflex in animals
for future automata design.
One could not expect, in a book with such a span of
interest, any particular depth in the material, and yet it is
surprising how the author has managed to introduce and
make understandable so many of the concepts of cybernetics,
information theory and computing. This book would serve
as an excellent introductory text for students prior to under
taking a formal computing course, as well as for the intelli
gent layman who wishes to acquire some knowledge of the
vast area that it covers.
D. L. OVERHEU

Proceedings of the 5th Computer Conference
BRISBANE MAY 1972

Proceedings are now available from ACS Box 63 Watson ACT
Price $A16 including Postage
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Notes on Submission of Papers
Communications. Papers submitted for publication
should be sent to The Editor, The Australian Com
puter Journal, P.O. Box 150, Kingston, A.C.T. 2604,
Australia. All papers submitted will be subject to con
sideration by an Editorial Committee in consultation
with referees authoritative in their particular fields.
Authors will be notified as soon as possible whether
the paper has been accepted for publication, of the date
of the journal when it will probably appear, and of any
modifications suggested by the referees.
Submissions should include the name and address
of the person to whom the proof is to be sent, the name
and address of the author’s organisation or laboratory,
and the author’s title and full name, Honours and de
grees may be included for editorial reference but these
will not be published. Contributors who reside outside
Australia should, wherever practicable, nominate a rep
resentative in Australia to whom their proofs may be
sent for correction.
Eligibility of Papers. Papers submitted must be in
English and they may be in the categories of review
articles, explanatory articles, research articles or papers
on advances in applications. Papers submitted should
be certified by the authors as original and that they
have not been previously published or are not being
considered for publication in any other publication. If
accepted for publication in The Australian Computer
Journal a paper may not be published elsewhere in the
same form, in English or any other language, without
the consent of the Editor. Submission of a paper will
be held to imply that it has been cleared for publication
from military or commercial security standpoints, and
no responsibility will be accepted by the Editor or the
Australian Computer Society for any consequences,
arising from the failure by an author to obtain such a
clearance.
Form of Papers. A high standard of preparation is
expected of papers submitted for publication and those
not deemed satisfactory will be returned to the authors
for revision.
Papers should be in double-spaced typing on one
side only of sheets of uniform size with wide margins.
A progressive count of each hundred words of the
paper should be shown in the left-hand margin. A top
copy and one carbon copy of the paper should be sub
mitted. The title of the paper should be as short as
possible and should be set out clearly at the head of the
first sheet. Each succeeding sheet should show, a
shortened version of the title suitable for a running
title on each page of the published work. The sheets
of the paper should be consecutively numbered in
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arabic numerals and firmly stapled together in the top
left-hand corner. Each paper must be accompanied by
a summary of about one hundred words which will be
printed immediately below the title at the beginning of
the paper. The first sheet of the paper should show the
exact form of the author’s name required for printing
under the heading (last name, and given name or
initials only) and the name and address of his organisa
tion suitable for inclusion as a footnote.
Sub-headings. Sub-headings and paragraphs of
papers should be clearly indicated. The hierarchy and
required indentation of sub-headings and the sub
structures of paragraphs must be presented unam
biguously.
Footnotes. Footnotes should be rarely used and brief.
They should be typed immediately below the line to
which they refer and the sheet should be ruled in ink
or type for its full width immediately above and below
the footnotes.
Tables. Each table should be numbered consecutively
and should have a general but brief self-explanatory
heading typed at the top. Column headings should be
clearly shown, explicit and brief to facilitate type-setting. Tables should be carefully laid out to fit a twocolumn format which offers a printing area of 3£ ins.
x 9 ins. in each column. Exceptionally, tables may
occupy the full printing width of 7 ins.
Tables should not normally be included in the text
but should be typed on separate sheets. More than one
table may be included in a single sheet, but tables
should not be split between sheets. Their approximate
position in the text should be indicated in the margin
of the text.
Figures. Diagrams and flow-charts must be well
drawn in indian ink and clearly lettered on stiff white
paper or Bristol board. Directional arrows must be
clearly indicated. The diagram should be approximately
twice the size of the finished block. The size limits for
finished blocks are as indicated for tables. Each diagram
should be on a separate sheet, packed flat and have
the author’s name and figure number on the back.
Where photographs are submitted, glossy prints are re
quired, clips should not be used and heavy pressure
should be avoided when writing on the back. The
numbering, heading and positioning of figures should
be shown as for tables.
Mathematical Formulae. Mathematical formulae
must be clearly written and avoid symbols or arrangeThe Australian Computer Journal, Vol. 4, No. 4, November, 1972
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merits that are difficult to set up. They should be con
sistent with the printing width available.

printer, with the proofs, for notification of any ad
ditional reprints required.

Appendices. If papers require the presentation of
extensive mathematical treatments or supporting data
(where quotation of references will not suffice) such
detail should be included in appendices at the end of
the paper. Appendices should be clearly identified as
such, be consecutively numbered in arabic if the paper
has more than one, and have self-explanatory headings.
Subject matter should be prepared in accordance with
the rules for papers.

Correspondence. All correspondence submitted for
publication should be addressed to the Editor. Letters
must be typed, well presented, dated and clearly inicate the reference to which discussion is directed. They
must be signed and show the correspondent’s name and
address in typescript. Tables and mathematical for
mulae included should comply with the rules for papers.
Articles may be submitted dealing with the following
or related subjects:—

References. References should be identified in the
text thus: Curtis and Osborne (1966); (Cohen and
Nguyen-Dinh, 1966). Where the paper cited has more
than two authors, the names of all the authors should
be given when reference is first made, e.g. (Fair, Flowerdew, Munro and Rowley, 1966). Subsequent citations
at the same paper should appear as (Fair et al., 1966).
Where more than one paper by the same authors has
appeared in the one year the reference should be shown
as follows: Lance and Williams (1966a); Lance and
Williams (1966b); Lance and Williams (1966a, b);
(Lance and Williams, 1966a, 1967).
At the end of the paper, references should be given
in alphabetical order according to the names of the first
authors of the publications quoted, names and prefixes
being entered under the prefix. The references should
include the authors’ initials, year of publication, title of
paper, the name of the journal, volume and first page
number. References to books and monographs should
include year of publication, the title and edition, first
page number of the section referenced, place of publi
cation and the name of the publisher. Examples:—

1.

2.

APPLICATIONS—SCIENTIFIC AND
RESEARCH
2.0 General
2.1 Natural Sciences
2.2 Engineering
2.3 Social and Behavioural Sciences
2.4 Medical Sciences
2.5 Humanities
2.6 Artificial Intelligence
2 .7 Use of New Media, e.g., document, graphic,
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APPLICATIONS—UTILITIES
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4.9 Miscellaneous
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APPLICATIONS—COMMERCE AND
ADMINISTRATION
5.0 General
5.1 Finance
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It is the responsibility of contributors to check the
accuracy of references in their papers before submis
sion.
The official abbreviations to be used are those of
Mathematical Reviews and in particular the Journal is
referred to as Austral. Comput. J.
Proofs. The authors are responsible for seeing that
their type-scripts are in form for publication. Proofs
are sent to the authors or their nominated representa
tives to ensure that the papers have been correctly
set up in type and not for the addition of new material
or amendment of texts. Excessive alternatives may have
to be disallowed or the cost charged against the author.
The symbols used to indicate any corrections should be
those laid down in the “Style Manual” published by the
Commonwealth Government Printer, Canberra, pp
76-79.
Reprints. Fifty reprints will be supplied free of cost.
A price list and order form will be provided by the
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COMPUTING MILIEU
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6.1 Philosophical and Social Implications
6.2 Professional Aspects
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8.1 Logical Design, Switching Theory
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8.3 Components and Circuits
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9.1 Texts, Handbooks
9.2 History, Biographies
9.3 Introductory and Survey Articles
9.4 Glossaries
9.5 Education

Automation of Teaching
Miscellaneous
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10.3 Metatheory
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MULTIPROCESSING AND MULTIUSER
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11.1 Multiuser and Time Sharing Systems Design
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What would your
tapes look like after
124,000 passes?
You’d never run your tapes
that long. We do—as part of
the research we’re doing into
tape failure (after all tape is the
weakest part of any computer
installation).
Here we show the result of
our extended wear test.
You Know Whose
On the left a length of you- Racal Zonal Calculus
know-whose-tape. On the right
a length of our new Calculus.
Splice together (the unworn
■■■
bits are the overlap). Run back
and forth in an Ampex handler.
No airconditioning. No filters.
MM
124,000 passes across the
head.
A pretty good test, eh?
■MM
So why does our tape come fh k■a—
off so much better than you>; • ■
know-whose? Three reasons:
1) Calculus has such a high
surface conductivity that it
doesn’t build up dust-attract
ing static.
2) Calculus has been formu
lated to give optimum head
and tape wear. The formulation
is new. The lubricants are new.
Shedding—a major cause of
abrasive wear — has been
minimised.
3) We’re so fanatical about
quality that two out of every
seven of our people are doing
quality assurance.
Go on, put our Calculus to
the test. We don’t think you’ll
need 124,000 passes to con
vince you!
•'

RACAL ZONAL
Gfflann
The Electronics Group
Magnetic Products Division,
Racal Electronics Pty. Ltd.,
47 Talavera Road, North Ryde,
N.S.W. 2113. Tel.: 888-6444

Computer Tape; Disk Packs;
Instrumentation, Audio & Video Tapes.
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bitroducmg the
NCR Century K>l
It’s the low-priced computer
with the power of higher-priced systems
Another new member joins the growing family of over
8,000 NCR computers working for businesses of all
kinds around the world.
It's the NCR Century 101. More than just another
computer, it’s a low-priced processor teamed with
high-speed, high-capacity optional peripherals. The
"101” was specifically designed for businesses which
need more than their current EDP system can deliver,
and for those considering the advantages of computerizing some of their operations for the first time.
The NCR Century 101 offers a new degree of per
formance in the small-to-medium range. Its high
speed memory, large-capacity disc system and remote batch processing communications capabilities
continue the NCR Century Series tradition of offering
a price/performance ratio and upward compatability
that is truly outstanding in the industry.

Cail the nearest NCR office (or use the coupon,
if you wish) for the advantages your business can ex
pect from the NCR Century 101. We'll send, with no
obligation, our illustrated booklet that explains the
important details about, the 101 .. . and the other
members of the NCR Century family. One of them
could be just right for you.

NC R
COMPUTERS
&TERMINALS

s'
O-jN''JM*
SYDNEY

211-2188

NEWCASTLE BRISBANE

2-4837

21-5211

PERTH

HOBART MELBOURNE ADELAIDE TOWNSVILLE CANBERRA

25-7299 34-3887

63-0271

51-8411

72-1722

48-6111

•'Wr
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when you need

“News Briefs from the Computer World” is a regular
feature which covers local and overseas developments
in the computer industry including new products, in
teresting techniques, newsworthy projects and other
topical events of interest.

PARTITIONS
• MODULAR
. ACOUSTIC
. FIRERATED

STATIC INVERTER FOR MANY
APPLICATIONS

SPECIAL FITMENTS
-8

3
-i
I®

DC Electronics Pty. Ltd. has announced the avail
ability of new options for their range of static power
inverters which increased the number of possible appli
cations for the entire range.
The series TOO’ DC/AC Sine Wave Power Inverters
which provide power output over the range 125VA to
1.5KVA from DC sources can now be reconfigured with
the new options to provide synchronisation of two or
more inverters for higher power, synchronised 120°
apart, for 3 phase field or emergency power supplies,
or synchronisation for other 50Hz supplies. The syn
chronising option also allows for referencing the inverter
output frequency back to a high stability oscillator or
frequency standard.
Units are presently available to operate at 50Hz to
60Hz and a 400Hz version will shortly be manufac
tured and released.

SPEEDS UP, PRICES DOWN ON NEW
DIGITAL PDP-11/40
A low-cost, fully-compatible addition to the PDP-11
family of 16-bit minicomputers, designed to execute
standard instructions at speeds close to twice those of
previous models, was announced by Digital Equipment
Australia.
Designated the PDP-11/40, the new machine is aimed
at small- and medium-scale end-user applications, and
is priced lower than its predecessor, the PDP-11/20,
one of the most popular computers ever offered in
Australia. It offers, as options, a low-cost hardware
Continued on page ix

• BUILT-IN FURNITURE
• BOOKSHELVES
• WALL PANELLING

talk to

nn

-I

-4

CRAFTSMEN
SERVING COMMERCE
AND INDUSTRY

3

Rintoul experience in the design, manu
facture and installation of partitions,
special fitments and wall panelling is
readily available to you. It will save you
time and worry ... providing you with a
complete service including free planning
advice.
Whether for general office partitioning
or complete executive suites, including
wall panelling and custom built fitments,
Rintoul are the people to talk to .., ring
them today.

3

■

*8
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Rintoul
PTY. LTD.

R

10 Minogue Crescent, Glebe, N.S. W.
Phone:660-6677
ng
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Computer World
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APPETISER
A totally auto
matic word processing
/machine with data preparation

facilities.
ENTREE. The TE 3000 offers unique selection con
trol through the use of mark sense cards and an inbuilt
mark sense reader. By simply marking the cards with any pen, data
can be automatically pre-selected for both hard copy and paper tape output if
required.
.
•
MAIN COURSE. A typing speed of 225 words per minute with a skip and search speed of 240 Ch.P.S.
---- a totally self-contained unit, the TE 3000 also contains a paper tape punch as output. It also has
a photo-electric tape reader (beautiful silence) with a built in parity check and visual error indicator.
DESSERT. At the same time as acting as one of the most sophisticated word processing machines,
paper tape can be easily produced as an automatic by-product in 8 channel BCD, ASCII and ISO.

—

■■■

ft OLYMPIA

^

W INTERNATIONAL

OFFICE MACHINES & SYSTEMS

Sydney:
Melbourne:

439-3444
329-9455

discuss
us and
to you. I
I
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■
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Continued from page vii
floating-point package that can further increase instruc
tion execution time by a factor of close to 10, and a
memory-management facility which permits the user
to address up to 124K of 16-bit core.

GIANT ELECTRIC DISCHARGE MACHINE
COMMISSIONED

LEARN PROGRAMMING
Unlimited practical time on our computer
is available to all students
E.D.P. APPRECIATION
Full-time day course for duration
of three weeks or part-time night
course of six weeks.

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

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

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

SYSTEMS ANALYSIS

FREE APTITUDE TEST

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

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

Full details obtainable from, our brochure EDP/1.

BLOCK TIME

-A*

AVAILABLE TO ENGINEERS & SURVEYORS
$45.00 per hour

Diecraft Australia has now commissioned an Agie
EMS30 EDM machine at their Reservoir, Vic., pre
cision tool and die making facility.
The fifth — and largest - — Agie machine to be
installed by Diecraft, the EMS30 boasts some impres
sive vital statistics, such as a vertical ram traverse of
34 inches.

TAYLOR9 S
SCHOOL of COMMERCE
300 Little Collins St., Melbourne. 3000. ’Phone 63-2566

CONFIDENTIAL
SUPERSHRED

Not with one of the IDEAL range of document
shredders.

SCIMITAR

Particularly suited to computer and other data
processing print-out, the shredders illustrated
will destroy all types of printing masters —
even metal litho plates — film, linen drawings,
plastics, etc. and are unaffected by pins,
clips or staples.
Both machines have an automatic feed for
continuous stationery and self sharpening
cutting wheels.
For details on the Scimitar, Supershred or any other
model in the range of IDEAL document shredders
contact the Australian agents:

Business Aids Pty. Limited
BA.2.72
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82 Anzac Avenue, West Ryde,
MELBOURNE
BRISBANE
329 8041
52 4323

Sydney. 2114.
ADELAIDE
42 5601

807 1555
PERTH
81 4355
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DRA-200 STANDARD
SIZE REED SWITCH
The DRA-200 is a Standard Size
reed switch with a switching capa
bility of 25 YA, and a breakdown
voltage of 700 volts.
It will reliably operate on loads
from logical level to medium power
inductive level, making the switch
ideal for use on data logging and
telemetry systems.
The DRA-200 has full Post Office
approval and may also be released
to E.Q.D. and A.R.B. conditions.

HOSPITAL INSTALLS
COMPUTER
The Sydney Sanitarium and Hos
pital has installed a Philips P353/
1000 visible record computer to solve
a data processing problem arising
from a major expansion.
The hospital is undertaking a re
building programme at its Wahroonga site that will provide for a
50 per cent increase in staff and in
patients. The number of patients
will rise from 200 to 300 and of
staff from 400 to 600.
The computer, which has mag
netic ledger card capabilities, has
taken over the processing of payroll
and patient accounting.
It was supplied by Sydney Pincombe Pty. Limited.
A Sydney Pincombe analyst
helped the hospital’s accounts de
partment to design the software for
the system.

Eliminate those
bulky printouts . . . !
have your computer output converted to

microfilm
our COM Bureau
provides this service:
• quickly
• efficiently
• economically

directly off your
magnetic tape...
. . . and the DatagraphiX
microfilm viewers
complete your
conversion

' :4^
This 105mm (6" x 4")
microfiche holds

224 computer printout pages;
or we can record on 16mm
microfilm if preferred.

• Viewers accept either
105mm or 16mm microfilm
mai -i

• Magnification: 24X, 42X
or 48X blowback

The Philips P353/1000 visible record
computer in operation.

• Long life lamps and
non-glare screens

k
■M,

Get the full facts now from:

DG DATAGRAPHIX
32-36 Smith Street,
Collingwood, Vic. 3066
Telephone 41 7021
Telex AA 31085

x

19 Berry Street,
North Sydney, N.S.W. 2060,
Telephone 929 4066
Telex AA 21656
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PERCY BOYDEW
LEADING EDP SUPPLIER...
OPERA T/ONAL WITH THE ONL Y
DISK PACK SERVICE CENTRE
IN AUSTRALIA
Percy Boyden Limited are operating a new Disk Pack Service Centre, incorporated in their new Liverpool
(N.S.W.) factory. This centre provides the only really rapid rehabilitation service in Australia. Packs
are stripped, checked, balanced and reassembled — any defective parts (including disks) are replaced.
Before return, packs are cleaned and initialised with printout showing error-free or error state. Servicing
is carried out by highly skilled personnel under clean room conditions.

other Percy Boyden EDP supplies
DISK PACKS—6 high and 11 high, Mono disk cartridge and Systems 3 now available.
Packs for I.B.M. 3336 available in the near future.
• HANDPUNCH AND SPLICER — the ideal handpunch for splicing and correcting 5-8 channel punched

tapes.

•

•

•
•
•

Feed track pins guarantee exact registration.
PAPER TAPE STORAGE SYSTEM — comprises an electrically driven automatic loader, a quantity of
cassettes and storage bookcase. The system is designed to obviate risk of tape damage and loss
of data.
ELECTRIC PAPER TAPE SPOOLER — an efficient tape spooler to reduce delays on readers and
punches to a minimum. This spooler is available in two sizes, with a variety of hub specifications
to suit all requirements.
SERVO SPOOLER — designed to spool paper automatically, direct from the punch and/or reader.
The spool is 9in. in diameter and can accommodate 1000 feet of punched tape.
PAPER TAPE RESPOOLER — this device can rewind 1000 feet of 5, 7, or 8 channel tape with
automatic cut-out in the event of tape break.
BOYDEN’S range of EDP peripheral is constantly growing. Should you require any item for your EDP
room please contact us at the address below.

PERCY BOYDEN LIMITED
Head Office: ALFRED ROAD, CHIPPING NORTON, N.S.W. 2170.

PHONE: 602 2200.

MELBOURNE: 28 Levanswell Road, Moorabbin, Vic. Phone 92 2215. BRISBANE: Graham Street, Milton, Qld. Phone 36 1331.
ADELAIDE: 114 Grote Street, Adelaide, S.A. Phone 51 2354. PERTH: 32 Wickham Street, East Perth, W.A. Phone 23 3871.
NEW ZEALAND: 300 Parnell Road, Auckland. Phone 378 738.
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