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Digital Equipment’s LA34 terminal printer, the company’s first table-top model. It was designed for work
in normal business offices with requirements for low-cost, low-to-medium speed hardcopy terminals, and
can be used in virtually any application requiring a serial asynchronous ASCII terminal. The LA34 can be
upgraded to full-forms handling with the addition of tractors and a stand, and these will be available soon.
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"News Briefs from the Computer World” is a regular
feature which covers local and overseas developments in the
computer industry including new products, interesting
techniques, newsworthy projects and other topical events
of interest.

DIGITAL INTRODUCES DECWRITER IV FIRST
TABLE-TOP TERMINAL
Digital Equipment recently announced a major
expansion of its DECwriter line of terminal printers with
the introduction of a new model. This is the Company’s
first table-top terminal, the DECwriter IV.
The entry-level LA34 DECwriter IV is Digital’s first
terminal to employ a rubber platen (roller) similar to those
found on office typewriters, and to accept roll-type print
out paper or individual sheets. The LA34 can be upgraded
to full-forms handling capability with the addition of
tractors and a stand. These will be available soon.
The new 30-character-per-second DECwriter IV is
designed for applications requiring a low-cost, low to
medium speed hard-copy terminal.
More than any previous hard-copy terminal, the
DECwriter IV has been created for work in a normal
business office. Its basic operation and appearance are very
similar to any electric typewriter. It is the quietest of
Digital’s printing terminals, has a contoured keyboard for
easier typing, and even has a snap-in cartridge for easy
ribbon changing.
The DECwriter IV can be used in virtually any
application requiring a serial asynchronous ASCII terminal.
The LA34 employs a 9 x 7 dot matrix character output,
both in upper and lower case. Any of four character sizes
can be selected by the user, including a compressed font
with a density of 216 characters per computer-form line.
Using this compressed font, a full 132 characters can fit
on 81?2in wide paper — American quarto.

The DECwriter IV’s output rate of 30 characters
per second is maintained through use of a buffer that
stores characters being received by the terminal while it
is making a carriage return. A special “burst mode” causes
the print head to accelerate its print rate until it has
caught up with the transmission.
A special-purpose microprocessor permits the user
to select such functions as type font, tabs, and margins by
using a “set up” key. Settings can also be made from the
computer connected to the terminal, if desired by the user,
through programmed commands.

SYDNEY’S FIRST HOME COMPUTER SHOW
Sydney’s first Home Computer Show is being held
on 24th-27th May 1979 at the Lower Sydney Town Hall.
The Show has been designed to allow small business
owners, educators, hobby enthusiasts and the general
public to see for themselves the potential of microcomputer
products to transform a wide range of products and ser
vices in our society.
Visitors to the Home Computer Show will have an
opportunity to inspect probably the widest range of micro
processor-based computers, kits, components, peripherals,
software, gadgetry and wizardry ever assembled under one
roof in Sydney!
They will also receive free tickets to attend a series
of lectures and demonstrations held in conjunction with the
Show on topics such as:
*
How to choose your own machine
*
Speech synthesis and related esoterics
*
Tomorrow’s Home Computer as we see it today
*
Careers in computing
*
The growth of home computing in Australia.
One of the most exciting features of the show is
that it will be the venue for Australia’s first major Com
puter Chess Championship. Some of the competing mach
ines will also be available to match their wits against
humans at the show!
The list of exhibitors is impressive and represents a
very wide spectrum of industry:
Honeywell Pty Ltd, Strand Electric Division, Elec
tronics Today International, Microprocessor Applications,
Dick Smith Electronics, The Dindima Group Pty Ltd,
Anderson Digital Equipment Pty Ltd, Semcon Micro
computers Pty Ltd, ASP Microcomputers, TCG Systems
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Automation Pty Ltd, AJF Systems & Components Pty Ltd,
Programmable Calculator Systems & Sales, A.J. & J.W.
Dicker Pty Ltd, Computerland, Futuretronics Australia,
Tandy International, Mitsui & Co Ltd, Abacus Inter
national, Hanimex Pty Ltd, Warburton Franki (Sydney)
Ltd, Micropro Design/Temac Electronics, Economic Digital
Control Pty Ltd, B. & S. Micro Applications (Sydney) Pty
Ltd, Automation Statham Pty Ltd, Dr Simon Rosenbaum,
Anpec Engineering Co.
Many of these companies will be releasing new pro
ducts to the Australian market at the show.

SAFE AND QUICK COMPUTER TRANSPORT
Johnston’s Transport Industries Pty Ltd offers a new
service to manufacturers and users of computer hardware
through its recently formed Computer Transport Division.
Johnston’s is known for its handling of fragile equip
ment and backs the new Division with the knowledge of
past experience.
The new 3770 Disc Cache extends the value of Memorex’s 367X
subsystem by providing the potential for greatly improved
computer system throughput.

Latest addition to the delivery fleet is the Isuzu,
pictured. The truck is equipped with an hydraulically
operated tailgate loader to ensure quick, jolt-free handling
of delicate hardware.
Enquiries concerning Johnston’s new service should be
directed to, Operations Manager, Mr Frank Johnston, 4
Hiles Street, Alexandria.

PLUG COMPATIBLE MANUFACTURERS
REACH OUT
Observers of the plug-compatible scene are commenting
on the success being shown by Memorex in its first major
move into an area in which it is innovating rather than
emulating.
The 1978 announcement of the 3770 Disc Cache has
been followed by over 100 orders and a successful “betatest” at Southland Corporation in Dallas, Texas.
First customer shipments of the new device occurred in
April of 1979.
Disc Caching is a technique for improving the system
throughput, in random file seeking situations, by keeping
the highly active data tracks in a high-speed solid-state
memory called a cache. Under the supervision of an LRU
(Least Recently Used) algorithm, the cache memory —
which may be of from 1 to 18 megabytes of Charge
Coupled Device Storage — contains those records which
prove to be the most sought. Since the average access time
from the cache memory is about 2 ms, as opposed to

perhaps 15 ms for records sought directly off disc,
performance improvements can be very significant.
Clearly operations which tend to be disc input/output
restricted are those which benefit the most. At the other
extreme, operations which are entirely sequential may have
a nil or negative performance improvement.
The throughput gains at Southland Corporation were
dramatic. Southland is the parent company for a chain of
convenience stores and has an Amdahl 470/V6 and an IBM
370/158 at its computer centre. Attached to these are over
100 Memorex 3670 and 3675 disc drives.
During the test period, 118 job runs were measured.
They were batch jobs, usually run daily, and involved
inventory, order-processing and accounting applications.
The average improvement in processing time, on cached
versus uncached jobs, was 60% — weighted in direct
proportion to total run time. One job showed a
performance reduction of 11% — but all the others ranged
from improvements of 3% to 259%!
Disc cache performance is influenced by the block size
of the records being accessed. To assess this relationship, a
PL/I program was written to access data of fixed block
sizes of 80, 800, 3200 and 13030 bytes. When the program
was run in cache and non-cache modes, the results showed
131% performance gains for the low-size blocks down to
46% for the largest blocks.
Full details of these various “pioneering” evaluations of
disc cache are available from Neil Houston, National
Equipment Manager of Memorex in Sydney, but they prove
beyond any doubt that the disc cache concept is valid and
important.

DATA GENERAL OFFERS NEW INTERACTIVE
VIDEO DISPLAY
A combined interactive and buffered video display
terminal, the DASHER D3, has been announced by Data
General Australia Pty Ltd.
The DASHER D3 is compatible with, and offers greater
function than, the previous DASHER D1 and D2 models.
The display incorporates a separate sculptured
typewriter-style keyboard and a pedestal-mounted 12-inch
monitor, as well as an industry-compatible asynchronous
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communications interface.
The DASHER D3 extends the performance of the
DASHER display line, featuring a standard typewriter key
pad, a 14-key numeric data entry pad, a separate cursorcontrol keypad, 18 user-defined function keys (standard),
direct cursor positioning and sensing, and interactive and
buffered operation.
The 96 upper and lower case ASC11 character set is
available with optional fonts and
keyboards for
international use.
The DASHER D3 display is a high throughput ASC11
terminal, ideal for applications where high speed, inter
active or buffered communication with a host processor
is required.
The broad range of operating parameters available make
this product particularly suited to single or multi-terminal
installations where data input/output accounts for a
significant portion of system usage.
Alphanumeric characters displayed on the screen are
formed by a 5 x 7 dot matrix for upper case and a 5 x 8
matrix for lower case. A maximum of twenty-four lines
each having 80 characters can be displayed on an individual
screen.
For information highlighting and forms design, several
character attributes may be defined by the user to differen
tiate portions of the displayed text. Programmable
character bulk, underscore, dual intensity, block fill,
reverse video and protection may be selected individually
or in combination.
For OEMs and system designers willing to operate the
DASHER D3 in its buffered mode, text manipulation
functions similar to those found on word processing
terminals are standard features.
In this mode, single characters, words, or blocks of infor
mation may be moved, inserted or deleted with a
keystroke, without intervention from the host processor.

CENTRONICS DEMAND DOCUMENT PRINTER
BY SIGMA DATA CORPORATION
Sigma Data Corporation announces the release of the
Centronics 791 demand document printer. This printer is
specifically designed for use in situations which require
documents to be printed on request such as airline
ticketing, banking, insurance, travel services, hotel
reservations, invoicing operations and many more.
Special features of the printer include an operator
adjustable tear-off position that can occur as close as 0.06
inches from the top of the first print line.
The 791 prints at 60 characters per second utilising bi
directional/logic
seeking
capabilities
to
maximise
throughput.
The 791 is capable of handling forms of various thick
nesses and widths. A unique form handling procedure
which permits the use of thick and unwieldy forms. Bottom
paper feed is standard, while the optional forms cabinet is
lockable to maximise forms security. Form widths are
operator adjustable from 2” to 10.5” between pin feed
wheels. A form exit guide is featured to continuous appli
cations printing which require documents to be stacked.
Other standard features of the Centronics 791 include
80 columns per line, 5.5 Ips slew rate, 5x7 dot matrix,
adjustable bottom feed tractors, 10 character per inch
horizontal spacking, elongated characters by line, self
contained ribbon cartridge and S1 electronics.
Optional features include 9x7 dot matrix, audio
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alarm, 1000 hour elapsed time indicator, manual line feed
switch, single/double line feed switch, forms override
switch, optional character sets and interface adaptors.
The Centronics 791 retains the famous Centronics 85%
commonality of parts with other 700 series family members
and is available through the Computer Products Division
Sigma Data Corporation.

ANDERSON DIGITAL EQUIPMENT PTY LTD
APPOINTED DISTRIBUTOR OF MDB SYSTEMS
COMPUTER INTERFACE PRODUCTS
MDB Systems Inc, USA, manufacturer of computer
interface products for Digital Equipment PDP-11 and
LSI-11, Data General, Interdata, and IBM Series/1
computers, announced distribution of their products in
Australia and New Zealand by Anderson Digital Equipment
Pty Ltd of Mount Waverly, Victoria. The company is
exclusively responsible for sales, marketing and customer
assistance and will also maintain an inventory of high
demand MDB products, according to Gene Sylvester,
Director of Marketing for MDB Systems. “Local service to
support the MDB one-year unconditional warranty was an
important factor in selecting this company as a distributor
for MDB products,” stated Mr Sylvester.
MDB has developed a rapidly growing international
market selling direct to the customer on a worldwide basis
their peripheral device controllers, general purpose logics
modules, communications/terminal modules and systems
modules. The products are plug-compatible and software
transparent to both the host computer as well as the
peripheral equipment.

BWD APPOINTS SA DISTRIBUTOR
BWD Electronics Pty Ltd., the manufacturer in Australia
of precision instruments announces that Protronics Pty Ltd,
is their sole distributor in South Australia and the Northern
Territory.
The announcement was made during a recent visit to
BWD Electronics by Bob Crabbe, Managing Director of
Protronics. Ron West, BWD Marketing Manager, said
Protronic’s five sales engineers and comprehensive service
facilities would make a significant contribution to the
already successful distribution of BWD products in
Australia and would further strengthen local customer sales
and service facilities.

ACS INAUGURATES ANNUAL AWARD
A special annual award for disabled computer trainees
has been inaugurated by the Australian Computer Society
in New South Wales.
The award is presented through NADOW, National
Association for Training the Disabled in Office Work.
Through its Computer Training Scheme, NADOW is
actively involved in training the physically disabled for
careers in the computer industry.
The criterion for the ACS Award is “that during the
NADOW Computer Training Programme, the disabled
trainee displays, from an employer’s viewpoint, an out
standing level of competence in the computer skill of his
choice.
The first recipient of the ACS Award is Mr Eric Klein of
Albion Park. Specialising in computer programming, Mr
Klein was one of the first graduates of the NADOW
Computer Training Scheme, in 1974.
Hi
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Cemac Tate Access Floors

Cemac Tate Access Floors were
chosen for the recently completed
computer facility at the Prahran
College of Advanced Education.
The floor utilises rugged all-steel
panels supplied with hard-wearing
marblised vinyl with a plastic trim
edge.
The Prahran installation is used
for processing data in business
studies courses, exam results and
enrolments.
An on-line ICL 7020 terminal
connects with an ICL 1904 central
processing unit at the Caulfield

Institute of Technology Computer
Centre.
Cemac Tate's all-metal access
floor system offers four panel
sizes, with or without 'Snap-Lock'
stringers, and the widest range of
finishes — high pressure laminate,
wood parquet, cork, vinyl and
anti-static carpet.

Cemac also offers a patented
'Levelock' base which ensures a
perfectly level floor on a sloping
slab. So, whether you require
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out of office interiors with floors,
ceilings, partitions and task
lighting, contact Cemac Interiors.
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Process Standardisation in
Information Systems Engineering
D.H. Smiley*
This paper summarises the “software crisis” and its main implications. The preoccupation of
Software Engineering with methodology and the neglect of its standardisation and metrology is noted.
A possible professional framework for DP practitioners, with new emphasis on standardisation and
metrology is outlined. The construction of a software laboratory and its use in process standardisation
are described.
Keywords and Phrases: Software engineering, Information systems engineering, Application
engineering, Standardisation.
CR Categories: 2.2, 4.0.

INTRODUCTION
Whereas the scope and extent of computer appli
cations appear to be unlimited, the resources used in
implementing these applications impose a large and
creasing limitation. This limitation has been widely recog
nised, and named the “software crisis” (Bates, 1977).
To try to overcome this crisis an extensive methodology,
called “software engineering”, has been adapted from
industrial and other branches of engineering (Bates, 1977).
However, after ten years any advances have been offset by
the scale of new problems being tackled (Bates, 1977) and
a major concern of Software Engineering remains with
reliability (Anderson and Shrivastava, 1977).

old systems. The trend is illustrated by the following
estimates of that proportion:
1972 50% (EDP Analyzer, 1972)
1976 70% (EDP Analyzer, 1977)
1977 80% (Gane and Sarson, 1977)

1.

2.

THE SOFTWARE CRISIS
A survey of 345 publications related to systems and
software engineering suggests four factors contributing to
the software crisis. These are listed below and illustrated in
diagrams 1 and 2.
(a)
The supply of professionals.
Studies (such as Smith and Ferranti, 1974) have high
lighted a serious and continuing shortage.
(b)
The productivity of professionals.
The methodology used to design and construct soft
ware improves very slowly.
“Programmer productivity is improving at not much
more than 3% per year . . . Information processing
(will become) the most labour intensive of all
industries,
with
the
possible
exception
of
agriculture.” (Northcote, 1977).
(c)
Complexity of systems.
“The cost of interactive distributed systems program
development is estimated to be up to nine times the
expense of programming an equivalently-compiex
batch processing system”. (Bennett, 1977).
(d)
Maintenance of systems.
As the base of installed systems grows, an increasing
proportion of available system resources is diverted
from satisfying new demand to the maintenance of

3.

ALTERNATIVE SOLUTIONS
Using the foregoing outline of the software crisis as a
problem statement we can now examine possible alternative
solutions:
(a)
Increase the supply of professionals. This is perceived
as an economic and political matter outside the scope
of this paper.
(b)
Increase the productivity of professionals. This can be
done by improving the quality, and reducing the
extent, of work done by professionals.
SYSTEMS

SYSTEMS

DEMAND
ALL
SYSTEMS

NEW
SYSTEMS
COMPLEX
SYSTEMS

CAPACITY

TIME

Diagram 1.

Diagram 2.

Diagram 1. Capacity to work on systems.

Professional education and productivity improvements increase our
industry’s capacity to work on all systems demanded by computer
users. This may be more than offset by rising maintenance loads on
old systems, reducing the industry's capacity to work on new
systems. This capacity is further reduced by increasing complexity
of new systems.
Diagram 2. The software crisis.

"Copyright© 1979, Australian Computer Society Inc.
General permission to republish, but not for profit, all or part of
this material is granted; provided that ACJ’s copyright notice is
given and that reference is made to the publication, to its date of
issue, and to the fact that reprinting privileges were granted by
permission of the Australian Computer Society.”

The net capacity derived from Diagram 1 is shown against rising
demand as an illustration of the software crisis. Diagrams 1 and 2
are qualitative illustrations suggested by the preceding quotations.
Actual measurement of the four components would be quite
difficult. Alternative measures of the software crisis include staff
shortfall trends and project backlog trends.

*School of Computing Sciences, The N.S.W. institute of Technology, Broadway, N.S.W. 2007. Manuscript received 15th September, 1978.
Revised manuscript received 18th March, 1979.
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(c)

Reduce the complexity of systems. It is assumed here
that the complexity of problem systems is unlikely to
decrease in the future.
(d)
Reduce the amount of system maintenance. It is
assumed here that the amount of system maintenance
is unlikely to decrease in the future.
Selecting productivity as a solution candidate, its
disappointing result so far can now be analysed.
Contributions to productivity have been heavily con
centrated on craft skills and methodology, as evidenced by
the breakdown of publications surveyed.
(a)
Qualitative, jobbing methods: 84%.
(b) Quantitative, methods: 15% (of which the majority
were concerned, at a time of rapid decline of
hardware as a system cost, with hardware
performance).
(c)
Standardisation methods: 1% (of which the majority
were concerned with documentation).
Publications describing or advocating standard soft
ware components (other than some specialised functional
prototypes) were almost non-existent. Standard software
products were found to be developed in the following
ways:
(a)
Small business packages (very inexpensive but
inflexible).
(b)
Packages modified by contract (inexpensive early in
the system’s life cycle, becoming costly later).
(c)
Packages specialised by parameters (applied to DP
aid and technical rather than business problems).
(d)
Generators (mostly limited to a few small computer
systems).
(e)
DP aid packages (limited by the variety of language
conventions, even within a single package).
Nothing was found which could enable a wide range
of systems of average complexity and volatility to be built,
and readily rebuilt, from catalogues of standard software
products and components.
It is now argued that non-trivial systems cannot be
built reliably from non-standard components. Not only is
the collective reliability of hundreds (or thousands) of non
standard components low, but that number of differences
between one project and the next must inevitably confuse
the systems architect. This argument forms a major
assumption upon which the work described in this paper is
based.
It is further argued that any form of engineering,
including software engineering, requires a metrology, or a
system of measurements. This argument forms a major
assumption upon which a subsequent paper (Smiley) is
based.
4.

INFORMATION SYSTEMS ENGINEERING
The technologies of standardisation and metrology
advocated in these two papers are seen as:
(a)
Complementary to a methodology currently called
Software Engineering.
(b)
Necessary to the solution of the software crisis.
(c)
Necessary bases for a proposed profession of Infor
mation Systems Engineering.
The special terms used here for the branches and
technologies of Information Systems Engineering are now
defined.
(a) Information Systems Engineering. A profession,
including Software Engineering and Applications
Engineering,
supported
by
an
appropriate
The Australian Computer Journal, Vol. 11, No. 2, May 1979

(b)

(c)

(d)
(e)
(f)

Methodology, Metrology and Standardisation.
Software Engineering. Formalised programming,
developing into a software component industry,
supported by its own taxonomy, and standards for
functions and interfaces.
Applications
Engineering.
Formalised
systems
analysis, developing into a system construction
industry, supported by its own taxonomy and
building standards, and by extensive catalogues of
standardised software components.
Methodology. A system of methods to improve engin
eering productivity and system performance.
Metrology. A system of measures of engineering
productivity and system attributes and performance.
Standardisation. A system of standards reducing
diversity of methodology and system components.

5.

THE SYSTEMS ENGINEERING AUTOMATION
LABORATORY
In sections 1 and 2 of this paper a problem was
stated, and some hypotheses as to its causes were advanced.
In section 3 broad, contemporary solution attempts were
summarised. As was pointed out, these solution attempts
lack
appropriate
supportive
metrologies
and
standardisations. Formalised scientific method cannot
proceed. Resultant engineering evolution is delayed.
In section 4 a proposal for Information Systems
Engineering was outlined, with special emphases on
metrology and standardisation.
The remainder of this paper describes a Systems
Engineering Automation Laboratory (SEAL), which is
being implemented with the following objectives:
(a)
To test the feasibility of process standardisation in
general and software component standardisation in
particular.
(b)
As a research and development vehicle for software
engineering and applications engineering methods.
(c)
To help define, through extensive laboratory
simulation, the attributes of information systems and
their engineering so that these may be measured.
(d) To increase productivity in and automation of the
functions of information systems engineering.
To fulfil the first of these objectives, some special
problems in functional classification and interfacing must
be overcome. Three industrial engineering principles are
being employed.
(a)
The structural decomposition of a problem process
down to a level at which equivalent standard com
ponents can be recognised and incorporated into a
solution process.
(b) The decomposition of process stages down to
separate transformations simple enough to be reliable.
(c)
The standardisation of interfaces.
6.

STRUCTURE OF SEAL
A SEAL INSTALLATION accommodates a number
of PROCESSES. Each PROCESS is comprised of software
PRODUCTS, and each of these PRODUCTS is built from
Decision
Tables,
STANDARD
FUNCTIONS
and
STANDARD INTERFACES. Although each PRODUCT is
standard, process variability is achieved by CONTROL
sequences and data independence is achieved through a
DICTIONARY. Each software PRODUCT operates on a
database of RELATIONS, communicating with users
through MESSAGES.
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APPLICATION ADMINISTRATOR(S)

Smith

DATA ADMINISTRATOR
PROCESS ADMINISTRATOR
APPLICATION ENGINEER
SOFTWARE ENGINEER

Jones
Brown
White
Green

HOST HARDWARE
NSWIT
ICL 1904A
HOSTSOFTWARE
GEORGE 3
COBOL
DETAB

SEAL PRODUCTS
T316002F
SEAL FUNCTIONS
T316002LZ

MASTER DATABASE
EVENT DATABASE
MASTER DICTIONARY
EVENT DICTIONARY
ARCHIVE
CONTROL
DIRECTORY
TEXT

MESSAGES
DICTIONARY

T316002MY

(e)
STANDARD INTERFACES
COBOL LIBRARY T316002LZ

RELATIONS
DICTIONARY

SERI
SERI
SERI
SERI

T316002MY

T316002MY
T316002EY
T316002MY
T316002EY
T316002AY
T316002CY
T3-16002DY
T316002D

Diagram 3. SEAL INSTALLATION CHART
Example of the diagram used to define, for a given SEAL installa
tion, responsibilities, the hardware/software configuration and all
files associated with that installation.

The main terms just introduced are now described,
with the aid of equivalent or overlapping terms in
parentheses:
(a)
Installation (configuration, user guide). A particular
hardware/software implementation, with relevant
responsibilities, is represented in a SEAL INSTAL
LATION CHART, as shown in diagram 3.
(b)
Process (Application system, software system, DP
support system), Contemporary processes under
scrutiny
are called
PROBLEM
PROCESSES.
Alternative processes in various stages of analysis,
design or implementation are called SOLUTION
PROCESSES. The classification of processes is
described in section 8.
(c)
Product (Program, run-unit, load-unit). All Products
are written in COBOL. Each has a main section with
a standardised format. Some main sections invoke
decision tables. All main sections invoke STANDARD
FUNCTIONS copied from a Library. All data and
control traffic passes through STANDARD INTER
FACES which are working storage sections copied
from a library.
The genesis of PRODUCTS lies in the decomposition
of PROBLEM PROCESSES down to standard
products. Where process variability cannot be accom
modated by CONTROL sequences a gap in the
product range is identified and filled. This is
described in Diagram 4. The product range currently
accommodates various update modes, various report
44

(d)

(h)

(i)

modes, the projection and joining of relations, a
structure (bill-of-materials) processor, and various
conditional file processors (with defined functions
triggered by transaction type, attribute status or
relational status).
Standard Functions (Module, subroutine, section,
function). All functions are pre-fixed by standardised
descriptions which can be projected into a
component catalogue for manual or automatic
analysis. All external data references are tightly con
trolled through the use of Standard Interfaces and the
Dictionary.
Standard Interface (Working storage, message buffers,
data controls). Standard Interfaces accommodate the
assembly of incoming messages or tuples, the
assembly of outgoing messages or tuples, control over
all interface traffic, and the recording of traffic status
and statistics.
Control
(Parameters,
non-procedural command
language). Control sequences are supplied at run time
or filed in the Control file and catalogued in the
Dictionary. They provide the means of varying the
fixed logic of a Product.
Dictionary (Data Dictionary, Directory, Bill-ofmaterials file). All Processes, Products, Controls,
Functions, Standard
Interfaces, Relations and
Messages are defined in a Master Dictionary database
and all relationships between these entries are defined
in an Event Dictionary database. As a temporary
expedient Control sequences and physical data refer
ences are manually assembled in a Control file and a
Directory file for loading into a Product’s working
storage at run time.
Relation (Database area, file of normalised records or
tuples). All data within a SEAL installation are held
in one of three ways.
(a)
An
Indexed-sequential
Master
database
containing entity-attribute type relations
accessible through a single primary key.
(b)
An Indexed-Sequential Event database contain
ing entity-event type relations accessible
through multiple primary keys. Event is a
special term meaning a historical, contempor
ary or forecast relationship between Master
relations.
(c)
Serial files accommodating workspace relations,
and control, directory and text information.
Message (Transaction, report, display). All interfaces
with SEAL users are referred to as messages:
(a)
APPLY and REPLY messages convey control
information.
(b)
TRANSACTION messages form the user’s data
input.
(c)
REPORT messages form the user’s information
al output, in one of four modes: document,
graphic, listing, tabular.

7.

USE OF SEAL
Although there are five classes of user shown in
Diagram 3 the activities of the Application Engineer only
will be illustrated here, in relation to an imaginary proposed
new Process:
THE PROBLEM PROCESS is described to SEAL
following the principle of structural decomposition,
outlined in Section 4. This description is entered in the
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Diagram 4. SEAL PROCESS CHART
A sales order processing problem is being decomposed down to
equivalent standard Products by an Applications Engineer. Each line
in the chart identifies the Product, Relation and Messages involved
at that stage. Workspace relations and other files are known for any
one Product and therefore not shown on the chart, contributing to
its compactness. Lower level charting is unnecessary as all data
variation is accommodated by the Dictionary, and all process
variation is accommodated by the Control sequences.
EO updates an open order relation, later extracted by GE for
allocation of inventory. A gap in the Product range is discovered
here and a Product specification “Allocate Master” is sent to the
Software Engineer. However, a family of conditional file processors,
with functions triggered by transaction type and master status, is
already under development and should span this and other antici
pated Product specifications. (Note that processes are no longer
being built from lines of code. Standard products and standard com
ponents have been generalized to fit within the scope of the SEAL

form of a SEAL PROCESS CHART using the SEAL
PROCESS
LANGUAGE
to
identify
MESSAGES,
PRODUCTS, RELATIONS and CONTROL (See Diagram
4).
The DICTIONARY is accessed for existing Message
formats or searched for a close equivalent from which a
new Dictionary entry is then derived.
The Dictionary is searched for existing Products
coming closest to perceived requirements. If necessary the
Product library and even the Standard Function library
may be accessed to confirm Product suitability. Where no
suitable Product is found (a gap in the Product range) this
then becomes a matter of purchase or construction for the
Process Administrator or Software Engineer.
The Dictionary is accessed for existing Master
Relation formats or searched for a close equivalent from
which a new Dictionary entry is then derived.
Relationships
between
Master
Relations
are
constructed and entered in the Event Dictionary.
The necessary Cqntrol sequences are developed,
entered in the Control file and catalogued in the
Dictionary.
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control Language. Beyond this scope we merely use a different
member of a family or a different type of product or component.
The proportion of off-the-shelf components in subsequent systems
is now asymtotic to 100%. The cost of subsequent systems design
and construction is now asymtotic to the cost of writing the
specification. Subsequent maintenance and development for both
technical and users’ needs is simplified. For example the compon
ents of EO, GE and AM could be readily analysed and reliably
synthesised into a single product for on-line order filling).
The remainder of the problem is readily decomposed down to
standard Products with the exception of PD. Put-Document will
format a head, details and foot, joining the necessary Event and
Master relations to produce a document type of report, but does not
yet accommodate the arithmetic necessary for invoices, statements
and aged debtors. Appropriate Function specifications are sent to
the Software Engineer, requesting extension and totalling Control
sequences.

A possible SOLUTION PROCESS has now been
designed, and documented in two complementary forms:
(a)
As a SEAL PROCESS CHART, roughly equivalent to
a blueprint, assembly drawing, a system flowchart,
structure chart or HIPO chart, but in a standard,
compact
form
readable/writable
by
human/
machines.
(b)
In a Dictionary, accessable as a SEAL DICTIONARY
CHART, roughly equivalent to an engineering bill of
materials (sge Diagram 5).
Subsequent construction
of the SOLUTION
PROCESS is automatic, and inspection and commissioning
is now left very largely to the APPLICATION, DATA and
PROCESS ADMINISTRATORS.
8.

IMPLEMENTATION OF SEAL
SEAL has been implemented in COBOL on an ICL
1904A, using DETAB, library and subroutine features,
indexed sequential and serial files.
The range of Problem Processes addressed by SEAL is
large, 132 having been identified so far and classified as
follows:
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Diagram 5. SEAL DICTIONARY CHART of a Process and part of
the process output.
The Seal Dictionary Chart is produced in three stages. The structure
of the nominated process is exploded, the resulting bill-of-materials
is joined with the dictionary descriptions, and the resulting
Dictionary Chart printed or displayed.
The Dictionary attributes displayed for each entry in the process

include human and machine identifiers, the agent responsible, type
or form of the entry and classification codes.
The Dictionary Chart at the top of Diagram 5 defines one of the
Processes for analysing Functions held in a Library. This Process
selects and formats coded descriptors which prefix each Function in
the COBOL Library, thus forming a catalogue of software
components.

(a)

advocating developments in metrology and standardisation
along classical industrial engineering lines.
A software laboratory for experiments in the auto
mation of systems engineering has been constructed and is
described briefly in this paper.
The laboratory is now being used to explore the
feasibility of standardised construction within a wide range
of processes normally candidates for hand-coded
construction. It is hoped that qualitative results obtained
will contribute to the principles of automation in systems
engineering and also to the identification of appropriate
attributes for quantification in further experiments.

Support Processes, aiding DP analysis, design, con
struction and management activities.
(b)
Applications Processes, covering business, industrial
service and technical areas.
(c)
Operating Processes, covering Text processors,
Message processors, File processors, Language
processors and Software components.
A representative sample of Processes from each of the
three groups have been documented in Seal Process Charts.
Simple, demonstration versions of a few of these have been
run using 25 standard Products constructed from 64
COBOL library components.
The typical expansion factor (generated source code
over hand written source code) is about 10. This is
expected to rise by an order of magnitude as generators are
written and stub entries in some functions are fully coded.
9.

SUMMARY

This paper has identified some reasons for the
continuing software crisis and related these to important
limitations in contemporary software engineering.
A general professional solution has been outlined
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10.

CONCLUSION
The scope of the SEAL project can only be described
as enormous against which experience to date has been
extremely limited.
The equivalent of program writing has been reduced
to 10%, (and may drop to 1%).
Notable qualitative results include:
(a)
Rapid, reliable problem analysis appears attainable by
a process of decomposition down to known standards
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using the accumulation of previous experience in
Process Charts, Dictionaries and Libraries susceptible
of automatic analysis.
(b)
Rapid, reliable applications engineering appears
attainable through selections from large ranges of
standard products and specialisation through a
standard control language.
(c)
Rapid,
reliable
software
engineering appears
attainable through selection from a large range of
standard functions and interfaces.
(d)
Compact primary documentation has been achieved
through SEAL PROCESS CHARTS.
(e)
Compact secondary documentation has been achieved
through the use of a Dictionary stored in a relational
database. The detailed structure of any process can be
generated on demand as a SEAL DICTIONARY
CHART.
The large increases in productivity which are clearly
necessary in Information Systems Engineering appear

attainable through
standardisation.

these

developments

in

process
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Book Reviews
"FORTRAN 77”, Harry Katzan, Jr. Van Nostrand Reinhold Com
pany, 1978. $A22.50.
Late in 1978 a new standard for Fortran was published under
the official title, “American National Standard Programming Langu
age FORTRAN, X3.9-1978”1. 11
The new language, more commonly
known as FORTRAN 77, is a considerable extension of that
defined in the old standard designated as X3.9-19662, but includes
it as a subset, thus giving full upwards compatibility.
Professor Katzan undertakes to describe the whole of
FORTRAN 77 to “the large class of engineers, scientists, mathem
aticians, statisticians and business analysts who have been exposed
to Fortran through an academic course, an industrial seminar, or
through actual experience". Since readers are assumed to be familiar
with the old Fortran, and hence with programming techniques as
well, Professor Katzan’s style of presentation is definitive rather
than tutorial. The book is therefore intended as a concise reference
guide for the initiated rather than as an expansive primer for the
novice, and in this Professor Katzan has succeeded admirably.
The material is presented within 207 pages under the follow
ing chapter headings:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Introduction
FORTRAN 77 Language Characteristics
Data Types and Constant Values
Data Structures
Expressions
Execution and Classification of FORTRAN statements
Specification Statements
Assignment Statements
Control Statements
Input and Output Concepts
Input and Output Statements
Format Specification
Program Structure
References
Appendices
A Intrinsic Functions
B Syntax of FORTRAN 77 Statements
C Syntax Chart of FORTRAN 77
Index
It is perhaps indicative of the general thoroughness of treat
ment that the Contents section of the book covers eight pages,
listing entries down to the lowest subsection level. Taken with four
pages of indexing, the reader should have no difficulty in finding
any item of interest quickly.
The Introduction includes a brief statement of the extensions
FORTRAN 77 provides over its predecessor — an impressive list
that touches on most aspects of the old language. Also included
is an explanation of the new standard specification’s use of syntax
charts in the form of “railroad" diagrams to rigorously define the
structure of the language. These diagrams (already well known to
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PASCAL users) present the syntax in a concise rigorous form which
is visually appealing and easy to follow — certainly much easier
than the sometimes ambiguous English of the old standard.
The method of presentation in the main text is to com
mence each chapter with an overview, follow this with a simple
metalanguage description of the syntactic constructs and then
proceed to a few usually very short examples together with sup
porting explanatory material. No attempt is made to explain when
or how any of the constructs could or should be used in pro
gramming, and consequently there is no discussion on programming
style or problem solving.
Since Professor Katzan aims to describe FORTRAN 77 as a
whole, rather than as an extension to the old Fortran, the
extensions are not highlighted in the main body of text. How
ever, as mentioned earlier, a feature of the new FORTRAN 77
standard specification is the use of syntax charts to define the
language. Professor Katzan includes these charts (covering 24
pages) as Appendix C and exploits them to show at a glance which
features of the new FORTRAN 77 are extensions of the old stand
ard. Indeed, for the busy programmer keen to know what the
new standard offers (or even seeking clarification on a point in the
old Fortran) Appendix C may well be the most useful starting
point after the Introduction before plunging into the text for
fuller explanations.
In summary, this is a methodically presented plain prose
guide to the legalities of FORTRAN 77. As such it should prove a
useful reference manual to the practising Fortran programmer.
References
1.
American National Standards Committee, American Nat
ional Standard Programming Language FORTRAN (FORT
RAN 77), Document X3J3/90, X3 Secretariat, CBEMA/
Standards, 1828 L Street, N.W., Washington D.C., 20036.
2.
American Standard FORTRAN, New York: American
Standards Association, Inc., 1966.
G. Ouisnam,
University of Queensland
Findlay, W. and Watt, D.A. "Pascal - An Introduction to Methodi
cal Programming", Pitman 1978 (306 pp, $12.95).
The book is “intended for use in conjunction with a first
course in Computer Programming based on the Pascal Language”.
As well as elucidating the syntax and semantics of the raw PASCAL
constructs, there are in effect two excellent chapters on introduc
tory programming methodology.
The text, examples and exercises are all unexceptionable; the
references sufficient for introductory purposes. In summary, a
thoroughly excellent introductory text which we will be using this
year for our First Year Computer Science Course.
A.Y. Montgomery,
Monash University
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The CODASYL 1978 Data Base
Proposals:
An Overview and Discussion
W.J. Caelli*
The recently published Journals of Development of the pertinent CODASYL committees may
be seen as containing the latest data base proposals of that organisation. These proposals are an out
growth of the earlier work, particularly from 1969 onwards in that the data model used is still the
network one based upon “record” and CODASYL “set” constructions. A major departure is seen in
the adoption of a three schemas approach along the lines suggested by the ANS1/X3/SPARC data
base study group as well as in the record "locking” construction for integrity during multiple con
current update operations. The major changes to previous Journals of Development are noted for
schema definition, subschema and data manipulation languages for COBOL and data storage mapping.
The proposals are contrasted with more recent work by the ANSI/X3/SPARC group as well as with
the developing "co-existence” model and relational data base concepts.
KEYWORDS
Database management systems, DBMS, CODASYL, network data model, co-existence data
base model, associative processors, ANSI/SPARC database model, conceptual schema, internal
schema, external schema, DSDL, DDL, schema, subschema, CODASYL journals of develop
ment, JOD.
CR CATEGORIES
4.33, 4.34, 3.70.

INTRODUCTION
The CODASYL 1978 data base concepts are de
scribed in the Journals of Development (JOD) of the
pertinent CODASYL committees. Current CODASYL
organisation is shown in Figures 1 and 2. The three per
tinent Journals are those of the COBOL Committee (CC)
(CODASYL COBOL JOD, 1978) formerly the Program
ming Language Committee (PLC), the Data Description
Language Committee (DDLC) (CODASYL DDLC JOD,
1978) and the Fortran Data Base Language Committee
(FDBLC) (CODASYL FDBLC JOD, 1977), formerly the
Fortran Data Manipulation Language Committee. These
journals contain what may be broadly called specifications
or proposals agreed upon by CODASYL (Conference on
Data Systems Languages). The proposals that exist at
present have progressed, from around the mid 1960s, to
the set of separate reports that are current today. The
proposal evaluation sequence used by CODASYL is shown
in Figure 3. However, the development must not be taken
in isolation as various other groups over that period also
turned their attention to what according to Steel (1977)
‘‘are becoming central elements of information processing
systems.” This review of the CODASYL 1978 proposals
is made against the more generalised framework of the
ANSI/X3/SPARC data base architecture and recommend
ations as outlined in the ANSI/SPARC Interim Report
(1975) which has been summarised by Tsichritzis and Klug
(1977) has been commented on by Yormark (1977), and
been the subject of a recent conference the proceedings
of which were edited by Jardine (1977), as well as a
number of review papers including one by Nijssen (1975).
"Copyright © 1979, Australian Computer Society Inc.
General permission to republish, but not for profit, all or part of
this material is granted; provided that ACJ’s copyright notice is
given and that reference is made to the publication, to its date of
issue, and to the fact that reprinting privileges were granted by
permission of the Australian Computer Society.”

SUBJECT
COMMITTEES

AD-HOC
TASK/WORKING
GROUPS

(6)

COBOL
(CC)

Formerly Programming
Language Committee
(PLC)

DATA
DESCRIPTION
LANGUAGE
(DDLC)
EXECUTIVE
COMMITTEE

FORTRAN
DATA
BASE
LANGUAGE

-Formerly Fortran
Data Manipulation
Language Committee
(FDMLC)

(FDBLC)
SYSTEMS
(SYS)
COfiMON
OPERATING
SYSTEMS
CONTROL
LANGUAGE
(CPSCL)
END
Since
May 1977

USER
FACILITIES
(EUFC)
SYSTEM
ARCHITECTURE
(SAC)

Figure 1: CODASYL Organisation — December 1978.
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However, it must be stated at the outset that in
essence the CODASYL recommendations still adhere to
the basic network model of data as envisaged from the
earliest days and as such they should be evaluated in terms
of alternate concepts for data structuring including hierarchial and n-ary relational data models as discussed by
Date (1977) and Sibley (1976).
The fundamental concepts are still the “record type”
and “set type” constructions. One matter of concern has
been the suggestion of standards in the data base area. In
this regard relationships do exist between CODASYL and
the pertinent standards organisations. The ANSI/
CODASYL liaison situation is illustrated in Figure 4. How
ever, ANSI forms only one standards group and the act
ivities of ISO in Europe in this area must also be closely
examined by those interested in potential standardisation
in this area.

REVIEW

INCLUDED IN

JOD TO
STANDARDS
GROUPS
JOD

-

JOURNAL OF DEVELOPMENT

Figure 3: Flow of Proposals Through CODASYL Committees.

THE 1978 PROPOSALS
The CODASYL 1978 recommendations can be
viewed as modifications and enhancements to previous
work rather than as a radical re-development of basic
concepts (O’Connell [1977] and Manola [1977, 1978] ).
The first document of concern is the CODASYL DBTG
Report (1971), the Data Base Task Group report of 1971,
an updated version of a previous 1969 report. This 1971
report, however, did not form a set of CODASYL en
dorsed specifications but rather set out a framework for
future work, as stated in that document, “while this report
is not classified as a final CODASYL specification of a
common language, it does represent many years of work
and the best thinking of many recognised experts.” The
report set out the basic thinking of CODASYL on data
base definition and manipulation by users, in the follow
ing terms: “This document contains a proposal for a
DATA DESCRIPTION LANGUAGE for describing a
database, a DATA DESCRIPTION LANGUAGE for
describing that part of the data base known to a program,
and a DATA MANIPULATION LANGUAGE.” This
The Australian Computer Journal, Vol. 11, No. 2, May 1979

structure is shown in Figure 5. Two “views” are proposed,
in terms of the ANSI/SPARC model, discussed later, an
external or user view and a data administration or data
base definition view. The report envisaged a single mapping
between these. The now widely accepted concept of an
“internal” or computer system/storage media “view” was
referred to in passing in the following paragraph from the
CODASYL 1971 DBTG report: "... The assignment of
areas to devices and media space, and specifying and con
trolling buffering, paging and overflow. The term device/
media control language (DMCL) was coined by the DBTG
for these aspects of a DBMS.” No concrete proposals for
such a language were made.
Following release of this report the group responsible
for it was split, forming the now familiar Data Definition
Language Committee (DDLC), a full CODASYL Com
mittee, and a Data Language subcommittee or Task Group
of the COBOL Committee, charged with responsibility for
a COBOL “external view.” This was to consist of a sub49
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Relation to Standards in the Data Base Area.

schema definition language and a Data Manipulation
Language (DML). The 1973 DDLC specifications followed
as the CODASYL DDLC JOD (1973) and the proposal
for data base definition was as shown in Figure 6. The
DMCL was somewhat more clearly referred to and so is
highlighted in the figure. The subschema and data manipul
ation languages for COBOL appeared in the Journal of
Development of the then Programming Language Com
mittee in 1976. However, as discussed later and stated by
O’Connell (1978), “there were several language features
embedded in the 1973 schema DDL which were designed
to specify physical attributes of the data base.”
Around 1969 the Standards Planning and Require
ments Committee (SPARC) of the American National
Standards Institute (ANSI) had perceived that data base
management was becoming central to the development
of information systems as outlined by Yormark (1977). In
late 1972 the American National Standards Committee
on Computers and Information Processing (ANSI/X3)
established an ad hoc study group on Data Base Manage
ment Systems. The group was charged, as stated by Yor
mark, with “investigating the subject of data base man
agement systems with the objective of determining which,
if any, aspects of such systems are at present, suitable
candidates for the development of American National
Standards”. In 1975 this group published an interim
report (ANSI/SPARC 1975) which detailed a gross archi
tecture for an information system and a data base
system, in particular. This architecture is shown in Figure 7
and has been broadly accepted as a basis for international
discussion in the area of data base system design.
So, in terms of this ANSI/SPARC model the
CODASYL 1973 DDLC implementation oriented features
should not have been so embedded in the conceptual
level definition. This deficiency has been corrected in the
1978 Journal of Development of the DDLC as shown in
Figure 8. At the same time as a third level of definition
was perceived, all ability by a COBOL user program to
access “physically oriented” parameters in the data base
50

DATA BASE

Figure 5: Data Base Structure as seen in the CODASYL 1971
DBTG Report.
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Figute 6: Data Base Architecture according to the CODASYL
1973 DDLC JOD.
The Australian Computer journal, Vol. 11, No. 2, May 1979

The CODASYL 7978 Data Base Proposals

CODASYL ’78

ANSI-SPARC

Local

Local

Logical

Logical
USER

USER

USER

EXTERNAL
SCHEMA

USER

EXTERNAL
SCHEMA

USER

USER

USER

USER

SUB-SCHEMA

SUB-SCHEMA

SUB-SCHEMA

SUB-SCHEMA

CONCEPTUAL
SCHEMA

Global

Global
Logical

Logical

DATA BASE

DATA BASE

INTERNAL
SCHEMA

System.
Physical.

DSDL =

DSDL

Data Storage

Physical

Definition
Language
DEVICES

DEVICES
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Figure 8: Data Base Architecture as envisaged in the CODASYL
1978 DDLC JOD.

were removed from the COBOL DML and subschema
declarations.
In a recent paper by Nijssen (1978) he summarises
the ANSI/SPARC point of view in the opening to that
paper, “It has been stated that the database research
community is entering a second great debate. The topic
of the second great debate is: which is the best set of
concepts for the conceptual schema?” and further, “that
any computerised information system can be considered
as a special case of human communication.” This may
set the tone for further analysis of the CODASYL 1978
data base proposals in terms of different global views of
the role to be actually played by an information system
and its major component, the data base management
system. The heart of that DBMS is in turn seen by Nijssen
as the conceptual schema which “is a set of rules describ
ing which information may enter and reside in the in
formation base and the meaning of the elements in the
information base.” This model, derived from basic con
cepts of information systems may be regarded as an
extension of the ANSI/SPARC model and has been de
scribed in a number of papers by Nijssen (1976) and
(1977b)

contained in its 1978 JOD, which states, “Since the 1973
version numerous improvements have been made in these
technical specifications, both clarifying and extending
the capabilities of the Schema Data Description Language
(DDL).” These changes are summarised in Table 1. The
most notable change has been the suggestion for a new
Data Storage Definition Language (DSDL), as shown in
Figure 9, and the migration of all perceived physical im
plementation dependent structures from the Schema DDL
to the DSDL. The three most important constructions
introduced into the schema DDL are summarised in
Section B of Table 1.

THE CODASYL DDLC 1978 RECOMMENDATIONS THE SCHEMA LEVEL
The recommendations of the CODASYL DDLC are
The Australian Computer Journal, Vol. 7 7, No. 2, May 1979

Set Owner/Member Construction
The rule whereby “records can be defined as mem
bers and/or owners of sets, but not as both owner and
member of the same set-type” was predicted by Palmer
(1975) to be “likely to be removed eventually as the
repercussions of providing more generalised structures
become better understood.” Indeed this is now the case
and the 1978 DDLC JOD relaxes this rule to permit
“single-type cycles” which occur when a record type is
declared as both owner and member in the same set type.
This earlier restriction has been severely criticised in a
number of books and papers and at a number of con
ferences as an unnecessary limitation placed upon flexible
data structuring in the data base.
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TABLE 1: Changes to CODASYL Schema DDL in 1978 Specific
ations over 1973 Specifications.
Change
A.
Physical/Internal Considerations
1.
Tuning, physical resource allocation
and implementation oriented
statements, including indexes,
removed.
2.
Data base keys redefined as
unique record identifiers only for
the duration of a single run unit.
B.
3.
4.

5.
6.
C.
7.
8.

Conceptual Considerations
Record type may be both owner
and member of same set type.
Record keys may now be defined
independent of any set
membership and the frequency
of record access monitored.
Set relationships may be
constructed on item value.
Fixed set membership added.

Comment
Now in the DSDL.

Actual data base
record placement
now a function of
DSDL.
Fixes an early
structural problem.
Permit partial/full
inversion of data
base records with
usage monitoring.
A “hint” at
relational concepts.
Create a "master”
set.

Language/MiscelJaneous
String data item of variable length.
Dynamic sets, area is temporary
and encode/decode removed.

Partial/Full Inversion
The 1974 ANSI/X3/J4 COBOL standard, ANSI
COBOL (1974), permitted records participating in files
to be multiply indexed or inverted via an “ALTERNATE
KEY IS xxxx” construction in the data division of a pro
gram. In this way, for example, a program could access
and maintain a multi-key indexed sequential file. Such a
facility was not specified in CODASYL data base system
recommendations but did exist in some implementations
(e.g. the ability in certain implementations to invert a
TOTAL “variable-entry” file as described by Cohen
[1978]). With the 1978 proposals record keys may be
defined as data items within a record that may be used to
order the members of a set or to enable an application to
retrieve directly a specific data base record based upon its
content. In this way the previous record order key may be
also considered as a direct retrieval key in that an applic
ation may use it to establish a starting point in a set for
sequential retrieval operations.
The new construction allows for data administrator
control over key duplicate values which, by specification
in the database schema, may be allowed or disallowed on
an individual key basis. If the key is unique (duplicates
disallowed) then the key may be considered a COBOL
type “primary” key for that record type and be used as
such. Other keys with duplicates then follow the normal
COBOL style “secondary key” definition.
A new “FREQUENCY” phrase has been added to
record KEY clauses to give the data base administrator a
facility for “choice of implementation techniques.” In
the terms of the CODASYL 1978 DDLC JOD “The DBMS
can be told that the frequency of direct retrieval, of
sequential retrieval or of both direct and sequential re
trieval is high. These declarations can be used by the
DBMS to optimise the implementation technique used
for the record key.” This new record key construction
should not be confused with the “data base key” con
cept, now changed from its previous ‘global’ definition
to one associated with a particular run-unit.
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It appears, however, that once again some timing
and usage definitions have returned to the conceptual
level of definition. Given the proposal for a three schema
approach it would appear that the “FREQUENCY” clause
belongs to the storage schema level being in the province
of the computer system manager or administrator. How
ever, its location at the conceptual level does pose the
problem of the nature of the conceptual level schema. If
indeed it should contain information on the usage of the
data base, access criteria, “conceptual” transactions and
the like, as is currently the province of a “data dictionary”
then it may be that some usage definition will be required
at this level. The tuning parameter “FREQUENCY” does
not appear to be one of these in its current form.
Set Relationships based on Item Value
Additional facilities have been created to ease the
construction of set relationships based on data item values
via a “STRUCTURAL CONSTRAINT” and “SELECTION
BY STRUCTURAL CONSTRAINT” construction in the
set “MEMBER IS xxxx” subentry in the DDL. Via this
feature a record may only be made a MEMBER of a set
occurrence when certain data item values in the prospective
member record are equal to similar item values in the
set’s OWNER record. This provides a data base integrity
check which is under the control of the data base man
agement system and can be activated during any DML
function that adds a new member to a set or changes the
value of any of the data items specified as STRUCTURAL
CONSTRAINT items. Such item constraints must be
signalled to the DBMS via entries in the record/item design
ations at the time the record is defined to the DDL. This
facility has been termed a “relational” type of ability by
a number of reviewers.
FIXED Set Membership
This new type of set membership joins the optional
and mandatory membership classifications relating to the
User program

User program

Subschema 1

Subschema N

Communication
locations 1

Communication
locations N

User Working
Area 1

User Workini

Schema
Data Base Man:

Buffers

Storage
Schema

Operating
System

Data Base

Figure 9: The CODASYL 1978 DDLC JOD Data Base Environ
ment. (Ref. CODASYL DDLC JOD 1978).
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removal of a particular record occurrence from a set
occurrence. With the new “FIXED” membership once a
record occurrence becomes a member of any occurrence
of a set type it remains a member of that set occurrence
until it is destroyed. It cannot be removed from that set
occurrence nor reassigned to another occurrence of that
set type. However, its position in the set occurrence may
change in the normal manner for ordering of set mem
bership.
Redefinition of the Data Base KEY
A major conceptual change has occurred in the
concept of a “data base or DB-key”. In the earlier journals
of development each record in a data base had associated
with it a unique data base key, identifying its position in
the data base. These keys were, moreover, available to the
data base user who could make use of them to hasten
access to often used records, for example, by simply
supplying to the data base management system the “DBkey”. For future reference the run time program could
also store these keys in a local file for later use since the
keys were deemed to be unalterable over time, as viewed
by the DBMS. In the 1978 Journal of Development of the
DDLC this concept has been changed, as stated in that
Journal, “Data base keys have been redefined as unique
record references within a single run unit. Data base keys
may no longer be specified as data items or as order or
selection parameters.” This change is in line with the
adoption of the Storage Schema (DSDL) concept, as
discussed later. According to Manola (Manola, 1978) the
previous definition had made it “difficult to tune or re
organise the database without affecting application pro
grams”.
The new definition means that once a record has
been accessed by a run unit it can be quickly obtained
again or modified. This is of significance in the develop
ment of efficient transaction processing executives and
is extensively used in the suggested concurrency and
locking scheme set out in the Journal. It does remove the
situation that previously existed whereby a run unit
could make use of the database key in the actual place
ment of a record in the database (via use of the LOC
ATION MODE clause).
THE CODASYL 1978 COBOL COMMITTEE PROPOSALS
IN THE DATA BASE AREA
The CODASYL 1978 COBOL Committee JOD is
based upon the previously published 1976 JOD with a
number of additions, deletions and modifications. The
1976 JOD was the first to include a data base facility
which interfaced to the CODASYL Data Definition
Language Committee’s proposals as contained in its 1973
JOD. The major changes in the 1978 JOD of concern in
the data base area are noted in Table 2. The first two of
these will be discussed in this paper.
Record Locking
The change from record monitoring to record lock
ing has been discussed recently by O’Connell (1978) and
by Manola (1977). O’Connell describes the monitoring
facility as follows:
“With record monitoring, no data base record was
ever locked to an application wishing to retrieve it. The
DBMS always allowed retrieval, but it ‘monitored’ the
action in progress. When an application program attempted
The Australian Computer Journal, Vol. 1I, No. 2, May 1979

TABLE 2: Changes in the CODASYL 1978 COBOL JOD over the
1976 COBOL JOD in the Data Base Area.
1.

2.
3.
4.
5.
6.

Creation of a data base locking facility to maintain data
base integrity while allowing concurrent run units to
update a portion of a data base.
(Changed from previous monitoring facility.)
Addition of a facility to create a journal of data base activi
ties by a run unit and to rollback the data base to a prior
state of integrity.
Modifications to specifications relating to data base keys,
record keys and realms in line with the Schema DDL
and DSDL draft proposals.
Modification of currency indicators used in maintaining
position during a data base update.
Various modifications to increase compatibility between
the COBOL sub-schema and the schema DDL construct
ions.
Expansion and clarification of data base status indicators.

to execute a statement that would have modified either
the content or the structure of the data base in such a
way as to damage its integrity, that attempted statement
would not be executed. Instead, the offending applic
ation program would be interrupted and notified that its
attempt was disallowed. It was then the responsibility of
the application program to determine what must be done
to correct the situation. This action usually was to branch
back to some previously executed data base retrieval
statement, to re-retrieve the record in question, and to
repeat the proceeding of that record, hoping that the
second time the modification was attempted would be
successful. Three specific verbs were provided for this
purpose.” An earlier discussion was given by Hawley
et ai, 1974.
The new record locking construction is one that'is
more familiar to most COBOL users and is provided to
maintain data base integrity while allowing concurrent
programs or “run units” to update the data base. The
locking system is based around the provision to each data
base record of an update lock and a read or selection
lock. A run unit holds the update lock for each record that
has been added or modified (either in content or set
membership) in a construction labelled a “keep” file or
list. As stated by Manola, “Only one run unit can hold a
record’s update lock at any one time. Furthermore, hold
ing a record’s update lock prevents concurrent run units
from holding the record’s selection lock. Thus, holding
an update lock prevents a record from being used in any
way by concurrent run units.”
A run unit similarly hold the selection lock of any
record identified by its currency indicators or placed in
its keep lists. Any number of concurrent run units may
simultaneously hold the record’s selection lock. However,
holding a selection lock prevents any other run unit from
simultaneously holding that record’s update lock. To
quote the JOD, “Detection and resolution of any dead
lock situations that occur as a result of the locking
mechanism is implementor-defined.”
Journalling and Reconstruction
One major facility added in the 1978 proposals con
cerns the vital area of backup and recovery of a data base.
The concept of a data base quiet point has now been
introduced. A run unit, may reach a stage where it per
ceives the data base to be consistent, i.e., all update and
modify actions are complete, and then at this stage it may
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issue a commit verb to indicate this fact to the data base
management system (DBMS). It is the function of the
DBMS to note this quiet point as it may be used as a
reference point of consistency to be returned to later. At
this time the run unit also releases its record locks. The
run unit may later execute a rollback statement to nullify
any data base changes that have occurred since its last
quiet point. The record locking mechanism detailed
above plays an intimate role in this restoration system
via the keep list mechanism. (It should be noted that in
this regard a run unit may maintain any number of keep
lists and add and remove record keys to them via the
keep and free verbs, respectively.) The reconstruction
system outlined here is not, however, a full one that may
be needed in a practical information systems environ
ment in that the data base can only be restored to the most
recent quiet point specified by a run unit. Thus it should
be considered as a valuable facility in a transaction oriented
environment where a new transaction may negate the
actions of previous transactions in a run unit and not as a
major data base administration facility on a global level.
THE CODASYL 1978 DDLC DATA STORAGE DES
CRIPTION LANGUAGE DRAFT PROPOSAL
The CODASYL 1978 DDLC JOD contains a draft
proposal for a Data Storage Description Language (DSDL).
This is a product of the Data Base Administration Work
ing Group (DBAWG) which is jointly responsible to the
CODASYL DDLC and to the British Computer Society
(BCS) (as shown in Figure 2). In fact this group has existed
under the BCS since the CODASYL DBTG proposals of
1971 but had a much broader role and larger set of aims
to “develop techniques for use by Data Administrators
and to produce language specifications where appropriate”.
In 1973 this BCS group was issued with a charter from
the CODASYL DDLC. Under this charter the group
worked to 1975 on a number of topics, including:
i)
the mapping of data to storage,
ii)
integrity controls,
iii)
data base statistics, and
iv)
restructuring and reorganisation
and produced a report (DBAWG 1975) on these detailing
requirements and functional descriptions related to the
above. After the 1975 report the scope of work was re
duced to (i) above and that report was used as a basis for
the 1978 concepts and draft data storage description
language, DSDL, as discussed by Tozer 1977.
The introduction of the storage schema concept was
in line with the “internal” schema ideas of ANSI/SPARC,
thus:
i)
to enable “tuning” of a data base or any other
modification of the actual stored data mapping
without need to alter or even recompile any
user programs,
ii)
to further enhance data independence, and
iii)
to clearly separate the “conceptual” schema
from any physical representations employed
in the actual data base itself.
This philosophy is summarised in the 1978 draft
as: “A Data Administrator may design a schema structure
consisting of records and relationships which support the
totality of applications under implementation or likely
to be implemented. He may do this without being con
cerned with detailed efficiency considerations. Tuning may
be carried out by changing the storage schema without
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alteration to the schema, subschemas and programs.”
A number of major decisions were made in the design
of the DSDL and these are discussed in the draft language,
in summary they include the following nine items:
i)
low level language
— data administrator precisely states the
method of usage of actual storage and
the “schema” to “storage schema”
mapping,
ii)
separate schema and storage schema languages
— were favoured,
iii)
schema to storage schema mapping
— was set out as being flexible in relation
ships between schema and storage schema
records and in the way sets are repre
sented,
iv)
distributed data base
— was considered in allowing a storage
schema to represent part of a schema,
v)
portability
— a storage schema should be as portable
as possible given efficiency consider
ations,
indexes
vi)
— are defined for a number of purposes,
including set representation, but detailed
description is not specified,
vii) data item representation
— should be specified in the storage schema
even though it appears in the schema
also, and
viii) conditional record placement
— could optimise retrieval based upon
experience at the cost of potential com
plex reorganisations at record modific
ation time but was included in the DSDL.
Storage Structures and Space
Actual data contained within the data base, including
all data items in the nature of pointers, indexes and the
like that are transparent to a user, are placed in storage
areas which are made up of fixed size pages. A storage area
is defined as an integer number of pages which number
may be extended in defined steps of fixed numbers of
pages to a maximum storage area size. The size of a page,
in characters or words, is constant for a storage area and
would usually take into account some real physical situ
ation such as size of disk track and so on.
The data specified as records in the schema are placed
in storage records which are stored in pages within a
storage area. Storage records are variable in size and may
be addressed either directly or indirectly, via storage key
indexes, by pointers from other storage records. A storage
record type is defined by the DSDL.
Schema Record to Storage Record Mappings
A schema record type may be mapped onto one or
more storage schema record types either in a defined and
static fashion or by means of a condition which is evalu
ated for a record occurrence to allow for choice of actual
mapping used. Such a condition would normally be
dependent upon actual values of data items. It should be
noted that a data item may be repeated in more than one
storage record making storage records either disjoint or
overlapping.
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A particular storage schema may identify only a
subset of actual schema record types to be represented in
a particular occurrence of a data base or part of it. In this
way such levels of distribution as desired may be created
across geographic locations of computer systems or within
an actual system itself, as discussed later. If a schema
record is mapped to more than one storage record then
link pointers are established in the storage records to allow
a whole schema record to be retrieved if an individual
storage record is retrieved.
Indexes
Various indexes are specified in the storage schema
concept and these are classified by usage, as follows:
i)
storage key indexes
— supporting indirect pointers to storage
records,
ii)
record key indexes
— supporting schema record keys, and
iii)
set indexes
— supporting the CODASYL set concept
through embedded set pointers in stor
age records or by separate indexes, if
desired.
An index is considered as a sequence of pointers or
key-pointer pairs.
Set Mapping
The CODASYL set concept, specified as “schema
record relationships and not storage record relationships”
(CODASYL DDLC JOD 1978) may be mapped to actual
storage in a number of ways. Whichever way is chosen the
CODASYL specified functions that may be performed on
the set construction by an application/user must be pre
served. Techniques available in the storage schema con
cept include:
i) i

ii)

iii)

embedded pointers or chains
— inclusion of an explicit pointer in actual
storage records to perform the required
functions in relation to set owners and
members,
set index
— to enable an owner record to point to an
index containing entries or pointers for
the various set members and optionally
a record key in addition to the pointers
(as shown for a simple “owner” pointer
case in Figure 10), and
stored data values
— a scan can be made of the data base
record occurrences to construct a set in

dynamic terms when required by an
application or user at actual run time.
Variations from Schema to Storage Schema
Some possible differences between the schema and
storage schema descriptions are allowed in the draft pro
posals as shown in Table 3. Such differences may cause data
transformation algorithms to be enacted. These variations
can only be in terms of computer oriented or storage situ
ations and should not be viewed in terms of the variations
allowed between a schema and subschema.
DISCUSSION
The Co-existence Model
Over recent years the “co-existence model” for data
base systems has received much attention, spurred by the
work of Nijssen (1977a, 1978). In a recent article, Nijssen
(1978) compares the CODASYL 1978 proposals with the
co-existence and ANSI/X3/SPARC architectures, as shown
in Figure 11, and sees the CODASYL adoption of a three
schemas and two mappings architecture as “a strategic
step forward in the right direction”. A major point to be
made, however, is that a data dictionary/directory is still
seen as a tool of the data base/enterprise administrator and
not as an integral part of the overall data base architecture.
In the co-existence concept it is fully integrated into the
system.
A crucial factor to be determined is whether or not
the CODASYL 1978 Schema DDL is a candidate for the
co-existence “conceptual schema”. According to Nijssen
it must be considered as such in relation to the CODASYL
1978 overview of a data base system architecture. How
ever, the DDL does not permit the level of generality
needed and he suggests some immediate improvements as
follows:
i)
Turn the CODASYL schema into a full con
ceptual schema including the addition of a
domain or proper mathematical “set” concept
to the DDL to enable better conceptual schema

Index Pointer

Entry

Entry

Set Index

Owner
Member

TABLE 3: Variations between the Schema and Storage Schema
Data Item Level1 2 3 4 5
1.
2.
3.
4.
5.

Order of items in the storage record may vary.
Derived Schema items may be declared to occupy no space.
Items may be aligned to boundaries, such as word bound
aries, etc.
Items may be separated by fillers, omitted or duplicated.
Format of an item may be changed.

Record Level
1.
Storage record may contain all or part of a Schema record.
2.
Different occurrences of a Schema record type may be
represented by storage records of different types.
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Figure 10: Set Representation Established via a DSDL Set Index.
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Figure 11: The CODASYL 1978 Data Base Architecture in Relation to the ANSI/SPARC and Co-Existence Models. (Ref. Nijssen, 1977).

design and an external schema based on the
normalised relational data base model or
“view”,
ii)
Permit a far more powerful form of schema-tosubschema mapping to allow for a number of
external schemas to provide different data
views for at least the binary and normalised
n-any relational models,
iii)
Replace the "CODASYL set” in the schema
DDL with a “functional” definition of relation
ships coupled with semantic constraints, based
upon data items, and
iv)
Enhance the conceptual schema (CODASYL
schema) to internal schema (CODASYL DSDL)
mapping.
There are, however, quite a number of improvements
and changes needed at each of the three schema levels as
well as at the application access language interface (DML).
In this regard the question of the role to be played by the
conceptual schema in an information system has not been
solved. To many workers (e.g., Nijssen and others) the con
ceptual level and its schema is there to act as an “inform
ation contract” between the potential users of an inform
ation system and the information analysts/computer
professionals who are there to design and implement the
system. As such the conceptual schema must then, of
necessity, be framed in a language such that the entities,
relationships and constraints that form the data base can
be clearly understood by both the professional and the
“intelligent layman”. The CODASYL 78 schema is not
yet at this level..
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Data base Associative Processors and Memories and the
CODASYL 1978 DSDL
Of recent years the use of computer systems partic
ularly designed to enhance the performance of information
systems has become of considerable interest (Caelli 1978,
Langdon 1978). Such systems may either act as totally
dedicated “back-end” data base processors surrounded by
more general purpose computers or may be an integral
part of a general purpose system, interfacing to the central
computer bus structure and possibly the mass storage con
trollers and the like.
Recent examples have included the ICL CAFS (Con
tent Addressable File Store) and the University of Toronto
RAP (Relational Associative Processor) systems. The
CODASYL 78 data base architecture appears to be a
move towards making greater use of this hardware and
firmware products by its separation of the physical defin
ition (internal schema definition) of the data base into a
separate DSDL. However, the suitability, and even the
need for, the DSDL suggested appears debatable. At an
equally important level data base keys, record keys and
set pointers are now clearly no longer seen as being em
bedded in actual data base records but as being stored
and processed through pointer arrays to a varying number
of levels of indirection. CODASYL 78 data bases would
thus appear to be more likely to be able to obtain benefits
from:
i)
vector and parallel machines or processors,
for the processing of pointer arrays and the
like (see Smith 1971).
ii)
associative memory devices, making use of bit
The Australian Computer Journal, Vol 7 7, No. 2, May 1979
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Physical Address Space

stream pattern sensing directly from the heads
of rotating mass storage devices, or other
cyclic memories (such as CCD or bubble
devices), possibly with the use of cache mem
ories sitting in front of the mass storage drive,
possibly in the storage channel controllers, and
iii)
virtual addressing techniques to allow for data
content addressing modes.
The last in this list has been alluded to in recent
discussions of the IBM System/38 (Durniak 1978) in the
following comments:
“The feature that provides most of the increased
functionality in the System/38 is the single-level
memory management scheme. According to an IBM
spokesman, the machine has a virtual address of 6
bytes in length. At 8 bits per byte, that equals a
48-bit address — or enough for 280 trillion bytes of
virtual storage.
The company says that with the single-level memory,
data is referenced by symbolic names, freeing the
user from worrying about addresses, transient areas,
program overlays, partitions, volume labels, or other
storage-management considerations. Main and disk
storage are managed by the System/38 to appear as a
single virtually addressed storage space.”
Such a single level structure has already been created
in a number of large scale computer systems including the
CDC STAR system (STAR 1978) which also allows a 48
bit virtual addressing structure for each program in the
system. This architecture was discussed by Jones et al
(1971) as follows:
“In a true virtual memory system files to be used are
‘mapped-in’ at commencement of execution and
data is referred to simply by its virtual address... If
it is to be generally applied, the virtual address field
should address to the bit and be large enough to cover
very large data bases; an address field of 48 bits is
suggested . . . This virtual memory approach has
tremendous repercussions for programming ... the
way data is stored physically can be independent of
the data structure. Data and record management will
be done in the processor stations using maps of the
data structure whilst storage management will be
done in storage stations; the two may operate com
pletely independently, each mechanism seeking to
perform its own task most efficiently.”
The use of such large virtual address spaces removes
the need for separate consideration of different levels of
computer storage at the logical/conceptual level by the
storage schema. The use of an internal schema should
more closely align itself to these developing computer
addressing structures. The CODASYL 1978 DSDL draft
contains a model of the physical storage containing at
least two levels. However, current and future systems will
have a larger hierarchy from high speed registers to cache
memories to main memory to auxiliary memory (bubbles,
CCD page stores, etc.) to rotating mass memory to high
density backing stores (as shown in Figure 12).
The question to be resolved is where the physical
storage hierarchy model should reside. The 1978 DSDL
draft appears to contain one such model and as such could
be unnecessarily repeating what is already contained in the
basic hardware or firmware of the system. This alone
appears to cast doubt on the value of the storage language
and model proposed. Although the language, as set out,
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Figure 12: The Physical Computer System as Viewed by the Data
Base Management System.

is designated as a low level proposal, such facilities may
simply not be needed or have been already overtaken by
hardware technology advances. The DSDL suggestions
need to be re-examined in terms of:
i)
the level of such a language,
ii)
its proper lack of dependence upon a partic
ular computer memory model, and
iii)
its relation to associative memories and pro
cessors.
It may be that the internal schema may need to be
itself defined in terms of a hierarchy of language facili
ties, depending upon the level of machine system avail
able. The major problem appears to be one of isolating the
DSDL from advances in hardware technology and this
would appear to involve far more research activity. It may
be argued that indeed the DSDL is so close to:
i)
the computer’s operating system, and
ii)
actual storage hierarchy
that attempts at a “standard” definition may be inappropri
ate. At a minimum the storage model used by the DSDL
should be “flat” and not have some pre-conceived structure
defined in it.
CONCLUSION
The CODASYL 1978 Data Base proposals are seen
as a clear advance over previous data base models recom
mended by that organisation. They are seen as being
closer to the more widely accepted ANSI/X3/SPARC and
co-existence data base architecture at the broad level.
However, limitations still exist in that:
i)
the subschema construction does not permit a
high degree of structural re-definition between
the data base and user applications,
ii)
the schema is still dependent upon the network
data model implemented in terms of record
and CODASYL set types for data entities and
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EXTERNAL VIEWS

often been referred to as a collection of time
varying relations, and
ii)
the action of transactions on the data base in
terms of consistency/integrity and the possible
definition of a transaction in terms of its
data base operations.
These problems and a potential information system
architecture are illustrated in Figure 13 in terms of the
CODASYL 1978 proposals. This figure highlights agrow
ing concern, however, related to standards in the data
base area. With the CODASYL ’78 architecture now
described it would appear that gains could be made in
standardising one of the external views. This view is the
one used most frequently by COBOL programmers, a
CODASYL ’78 subschema or navigational view of the
data base. Indeed a standard in this area, as part of a forth
coming new ANSI COBOL language standard, could be
recommended based upon the CODASYL 1978 subschema
and DML proposals. However, it appears premature to be
contemplating standards in other areas, particularly at the
CODASYL 1978 schema and draft DSDL levels. Stand
ards in this latter area would appear to be a long way off
and could be of debatable value.

INTERNAL VIEWS

REFERENCES
Multiple Levels of
Storage and Processors

Installation/
Network Manager
(CODASYL Storage
Schema)

* Current area with standardisation potential, according to
author;is cross-hatched.

Figure 13: An Information System as a Set of Concurrent Views.

relationships respectively, although a data
value constraint mechanism has been added,
iii)
there are still some problems to be solved in
the relationship between the schema, COBOL
subschema and the COBOL DML particularly
in relation to cycles, and
iv)
the schema language is not at a sufficiently
high level to permit ready comprehension by
all users of an information system, assuming
it is to play the role of conceptual schema.
The proposals do point the way to further research
and development activities in a number of areas, as fol
lows:
i)
the relationship between the schema and a
data dictionary/directory needs to be exam
ined and, if needed, these two concepts should
be merged,
ii)
the role and suitability of the draft DSDL to
distributed data bases, associative and back
end processors and memory hierarchies partic
ularly in relation to partial mappings of the
data base over distributed systems, and
iii)
greater clarification of the various mappings
and transformations inherent in the approach.
Finally, the new FREQUENCY clause opens the
debate over the role a data base system and its definition
language plays in an information system. This new clause
hints at two major problems in practical implementations:
i)
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Book Review
Olvi L. Mangasarian, Robert R. Meyer, and Stephen M. Robinson
(eds), Nonlinear Programming 3, Academic Priess, New York,
1978, 475 pages, $A41.30 approx.
In 1970, 1974 and 1977, Symposia were held at the
University of Wisconsin, Madison, on Nonlinear Programming. This
means Mathematical Programming — finding maxima or minima for
constrained problems — rather than computer programming,
although computer programs are essential, to implement mathe
matical programming calculations. Unlike Linear Programming, the
problems may involve nonlinear functions, such as occur in many
applications.
The Proceedings of each Symposium have been published by
Academic Press. The first Symposium included both algorithms, and
also other theoretical questions, such as duality, complementarity
theory, approximation, and regression. The present book includes
17 of the papers from the 1977 conference, and these are, almost
all, concerned directly with algorithms for computering constrained
optima. The emphasis is on the theory of the various algorithms,
showing especially that certain algorithms give rapid (e.g.
superlinear) convergence. In certain instances, global convergence is
also proved. A few authors cite numerical experience with their
methods; others do not. Computer programs used are not listed.
The authors include a number who have made, and continue
to make, outstanding contributions to the area. The following list,
necessarily incomplete and rather technical, indicates various topics
covered.
Rockafellar gives an improved version of the Powell-Hestenes
algorithm for convex programming, to obtain better convergence.
Powell shows that certain variable-metric methods for constrained
optimisation must converge superlinearly. Han's hybrid method
combines features of quasi-Newton multiplier and quasi-Newton
methods, to get both global and superlinear convergence. Rosen
gives an algorithm which reduces a nonlinear program with
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nonlinear constraints to a sequence of linearly constrained
problems. McCormick discusses exact penalty functions. Chung
gives gradient methods for minimising nondifferentiable exact
penalty functions, obtaining quadratic convergence. (This was a
notable question needing an answer.) Gay and Schnabel discuss a
method for solving a system of nonlinear equations.
Other contributions include a discussion, by Miele and
Gonsalex of suitable criteria for comparing mathematical
programming algorithms. Cottle and Gohecn discuss methods for
special very large quadratic programs. Dantzig and Prikh describe
the PILOT energy model, and algorithms and codes for it. All the
above deal with optimisation in continuous variables, rather than
dicrete (combinatorial) optimisation. An exception is Glover,
McMillan and Klingman’s formulation of some conbinatorial
problems — in particular an aircraft scheduling problem — in terms
of networks, in place of mixed-integer programs. The paper deals
with the modelling, rather than the network algorithms.
Who will read this book? It is written by researchers for
researchers, and largely at a technical mathematical level. Those who
are researching into better methods for constrained optimisation in
continuous variables, and questions of convergence rates, will
certainly need to refer to this book (and its predecessors in the
series). Anyone who wants to use existing theory, in order to write
better (faster, more reliable) computer programs for nonlinear
programming, will also find some of these results valuable. There is a
large diversity of computing methods for nonlinear programming,
and it has often not been clear which methods are efficient, in
which circumstances. Such matters are being resolved by recent
research. One wonders whether some of the “package” program,
often used for optimisation, could usefully be replaced now by
programs which are considerably more efficient. (But then who will
write them?)
B.D. CRAVEN
Melbourne University
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Some Easily Programmed
Pseudo-Random Normal Generators
D.J. Best*
The virtues of easily programmed algorithms are explained and then, after brief description, a
comparison is made of six such algorithms for generating normal deviates. The six algorithms are
compared with respect to speed on a CDC 7600 and in terms of the average numbers of random
numbers and mathematical functions needed to generate one normal deviate.
Keywords and Phrases: Normal distribution, Gaussian distribution, random number
generators, simulation.
CR Categories: 5.5.

1.

INTRODUCTION
A pseudo-random normal generator is often needed in
economic, scientific and engineering simulation studies. For
many of these applications an easily programmed pseudo
random normal generator is preferable to a longer algorithm
typically involving many constants. Three reasons for this
are (i) easily programmed algorithms are more portable, (ii)
the speed of many computers using interpretive languages
is closely associated with program length, and (iii) a
generator which can be implemented quickly and routinely
by an arbitrary potential user is preferable to one which,
although perhaps marginally faster, requires more human
effort. Of course, easy programmability is not the only
desired feature and in' particular speed and accuracy need to
be considered. The comparisons of this paper, tho.ugh, are
restricted to easily programmable methods which, while not
always most suitable, should be particularly relevant for
programming the new low-cost “personal” computers.
Previous writers, for example Atkinson and Pearce
(1976) suggest that the polar method given, for example,
in Marsaglia and Bray (1964) is the best easily programmed
method or algorithm while Kinderman and Monahan
(1977) advocate use of their ratio of uniforms method.
However, other simple, exact methods have been proposed
and so a list of these and comparisons amongst them are
desirable. Atkinson and Pearce (1976) have listed and made
comparisons
for
approximate
methods
(including
summation of 12 uniforms and use of polynomial approxi
mations to the inverse normal), and show that while these
approximate methods may be simple to program they are
no faster than the exact polar method (described as N3
below). Thus on the grounds of speed and accuracy there is
no need for an approximation to be used. In this note,
FORTRAN listings for six exact, simply programmed
pseudo-random normal generators will be given and
comparisons made between them. Other exact methods
(e.g. the band rejection method of Payne (1977)) which
are almost as easily programmed have not been included
because, with one exception noted later, none is as fast as
“Copyright©1 979, Australian Computer Society Inc.
General permission to republish, but not for profit, all or part of
this material is granted; provided that ACJ’s copyright notice is
given and that reference is made to the publication, to its date of
issue, and to the fact that reprinting privileges were granted by
permission of the Australian Computer Society.”

the better of the simpler methods considered here. All of the
methods rely on having a good pseudo-random uniform
(0,1) generator available and, of course, this can be checked
by the methods described, for example, in Knuth
(pp. 34-100, 1969). Listings are given in FORTRAN, not
because the FORTRAN given is well written or because
use of FORTRAN is recommended, but because it is felt
that most readers are familiar with FORTRAN.
2.

SIX EASILY PROGRAMMED GENERATORS
In the FORTRAN listings which follow RANF is a
CDC 7600 intrinsic function with dummy argument which
returns a pseudo-random (0,1) uniform variate and this
would need to be changed as appropriate. It is also noted
that most of the methods given below could be speeded up
at the cost of additional complexity. The first method
considered is:
(N1) The
acceptance-rejection
method
given
in
Abramowitz and Stegun (p. 953, 1965). Payne
(1977) attributes this method to von Neumann
although Butcher (1961) (who may be the
“Batchelor” of Tocher (p. 27, 1963)) refers to an H.
Kahn. Note that in at least some editions of
Abramowitz and Stegun the method as described
gives only the absolute value of a normal deviate.
Also note that on most computers the method may
be speeded up without loss of much simplicity by
using the inequality - In x > l-x and a preliminary
test to reduce the number of calls to the logarithm
function. The FORTRAN function used in the com
parisons of the next section is:
FUNCTION XN1 (DUMMY)
1
XN1 =-ALOG (RANF (D))
U= RANF(D)
Z = .5 * (XN1 — 1.) **2
IF (1U. GE. Z) GO TO 2
IF (- ALOG (U) . GE. Z) GO TO 2
GO TO 1
l
IF (RANF (D).LT..5) XN1 = — XN1
RETURN
END
(N2) The Box-Muller (1958) algorithm which in Abramo
witz and Stegun (1965) is referred to as the direct
method. This listing and that for N3 gives one deviate
per function call for the sake of comparison and

* CSIRO Division of Mathematics and Statistics, PO Box 52, North Ryde, Australia, 2173. Manuscript received 2nd April 1979 and in revised
form 17th April, 1979.
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because in many applications (see Wallace (1976)) it
is better to generate one deviate per function call:
FUNCTION XN2 (DUMMY)
DATA I A/0/
IF (IA. EQ.1) GOTO 1

1A = 1
U = SQRT (-2.*ALOG(RANF(D)))
V = 6.283185308*RANF(D)
XN2 = U*SIN(V)
RETURN
1
IA = 0
XN2 = U*COS(V)
RETURN
END
Note that the many digit constant (27r) given above
may have to be abbreviated on some computers. This
note also applies, of course, to such constants used
below.
(N3) The polar method mentioned, for example, in
Marsaglia and Bray (1964). This method modifies
method N2 to avoid the sine and cosine functions and
hence is usually faster. A related method given in
Abramowitz and Stegun (1965) and also by Bell
(1968) is not quite as fast as the following because an
extra uniform variate is needed every second function
call:
FUNCTION XN3 (DUMMY)
DATA I A/0/
IF (I A. NE. 0) GO TO 2
IA = 1
1
U = RANF (D)
V= RANF (D)
U = U + U-1.
V = V + V — 1.
SUM =U*U+V*V
IF (SUM. GE. 1.0) GOTO 1
SLN = -ALOG (SUM)
SLN = SQRT (2.*SLN/SUM)
XN3 = U*SLN
RETURN
2
IA = 0
XN3 = V*SLN
RETURN
END
(N4) The transformed rejection generator given by Wallace
(1976):
FUNCTION XN4 (DUMMY)
1
Y = RANF (DD)
D = 1. - Y
FI = .14/D
XN4= 1.22 * Y * (1. + H)
T = ALOG (RANF (DD)/(1. + H/D)) +
.5*XN4*XN4 + .1576
IF (T. GE. .0) GOTO 1
IF (T. GE. - .69314706) XN4 = - XN4
RETURN
END
Note that the code just given is an attempt to
duplicate the code given by Wallace.
(N5) The ratio of uniform variates method proposed by
Kinderman and Monahan (1977):
FUNCTION XN5 (DUMMY)
1
U = RANF (D)
XN5 = 1.715527769* (RANF (D)-.5)/U
X2= ,25*XN5**2
The Australian Computer]ournal, Vol. 7 7, No, 2, May 1979

IF (X2. LE. 1.-U) RETURN
IF (X2. LE. - ALOG (U)) RETURN
GO TO 1
END
(N6) The combined ratio of uniform variates and
envelope rejection method proposed by Best (1978a).
In passing it can be noted that the envelope
rejection method when applied to statistical
distributions other than the normal often gives the
simplest and most efficient algorithm. The method
(of envelope rejection) is described, for example, in
Chambers (pp. 175-6, 1977) although this author
would not agree with the preference expressed there
for mixture methods which usually require more
code. Another application of the envelope rejection
technique has been given, for example, by Best
(1978b) for the gamma distribution. A FORTRAN
function (which uses envelope rejection) for the
normal distribution is:
FUNCTION XN6 (DUMMY)
1
U = RANF (D)
V = RANF (D) — .5
IF (U * U + V * V.GT. U) GOTO 1
XN6 = 1,732050807*V/U
U = RANF (D)
T = XN6**2
IF (.86 —T/8.6.GE.U*U) RETURN
V = 3.0 + T
IF (ALOG (V*V* ,1030450794/U)
.GE. ,5*T) RETURN
GO TO 1
END
3.

COMPARISONS
Given that all the methods of the previous section are
exact and easily programmed the obvious means of
comparison seems to be one of speed. Thus, time com
parisons were made in the manner described by Atkinson
and Pearce (1976) meaning that all times are based on
samples of 10,000 produced by a FORTRAN DO loop with
a function call. The time for an empty DO loop is sub
tracted. As five of the algorithms are stochastic in nature and
because it is difficult to measure CPU times on time sharing
computers, these times are random variables. However, the
range of variation was found to be commonly less than 0.5
/usees. The computer used for the Table 1 times was a CDC
7600 with FTN 4.6 compiler and the uniform (0,1) pseudo
random numbers were generated using the intrinsic
function RANF.
From Table 1 it can be seen that methods N1, N2 and
N4 are easily the slowest of the methods on the CDC 7600
while N5 was slightly faster and required slightly less
FORTRAN code than either N3 or N6. Hence N5 is slightly
favoured with N6 or N3 being close second choices. Note
that when FUNCTION XN3 was replaced by a routine
which generated pairs of deviates then this revised routine
took only 6.1 /usees to generate a deviate. However, as is
well known, time comparisons are highly machine
dependent. In particular, as Payne (1977) and Butcher
(1961) suggest, the average number of pseudo-random
uniform (0,1) variates and the average number of
mathematical functions (such as logarithms or square roots)
needed per normal deviate generated should be considered.
Table 1 also lists such average numbers. To illustrate the
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TABLE 1. Comparison of (i) CPU times in jUsecs on a CDC 7600,
(ii) expected numbers of random uniform variates and (iii)
expected numbers of mathematical functions, needed to generate a
normal deviate
Method

Times

Expected
number of
uniform
variates

Expected num
ber of mathe
matical
functions

N1
N2
N3
N4
N5
N6

12.5
11.6
7.9
10.7
7.2
7.8

3.7
1.0
1.3
2.3
2.8
4.2

1.7
2.0
1.0
1.1
0.5
0.3

effect involved, in an extreme case, it was found that when
programmed in FOCAL on the local mini-computer, a
PDP-11, N6 was almost one and a half times as fast as the
other methods including N5. The main reason for this
re-ordering of times was that FOCAL evaluated mathe
matical functions very slowly while generating uniforms
very quickly. If the reverse were the case then N3 or even
N2 would become more competitive.
4.

CONCLUSIONS
Which method should one choose? Table 1 indicates a
slight preference for N5 but because these are all easily
programmed methods it is suggested that at least N3 and
N6, if not all, could be compared with N5 on the computer
concerned. At this point it is again noted that the com
parisons of this paper were not designed to come up with
the fastest existing algorithm (although when timings for a
wide selection of other methods were made in the manner
described above only the convenient method of Marsaglia
and Bray (1964), which took 4.8 /usees per deviate, was
faster than N3, N5 or N6 — note that Atkinson and Pearce
(1976) also found the convenient method fastest on a CDC
computer) but rather to give a guide as to the most easily
programmed exact methods now available and to present
some properties which may help decide which of these
methods to use if they have not all been compared on the
computer concerned. In particular these easily programmed
methods should be of value when programming the lowcost “personal” computers which are currently becoming
available.
However, bearing in mind the constraints of the
previous paragraph, it is possible to give a more specific
recommendation. First, though, note that algorithms N2
and N3, as written here, do not conform to standard
FORTRAN in that they both rely on certain local variables
of the function retaining their values from one call to the
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next. While many implementations of FORTRAN have the
property that local variables of sub-programs retain their
vaues, this property is not required by the language
standard and is not present in some implementations. On
such implementations, N2 and N3 will not work correctly
as written.
Further, functions such as N2 and N3 which
essentially generate two normal variates every second call
cannot conveniently be employed, even if the compiler
permits, in applications where the one function subprogram
is used to generate normal deviates from several
independent random number sequences with different seed
variables.
These considerations suggest a clear preference for N5
(or, if the time to evaluate mathematical functions is very
long, N6).
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A Fast Algorithm
for Text Comparison
R. Geoff Dromey*
Two new algorithms for finding the longest unbroken common subsequence in a pair of text
files are presented. The algorithms are simple to implement, economical on space requirements and
they are highly efficient for comparison of pairs of text files for all ranges of overlap both large and
small. For example, it was necessary to make only 1429 comparisons to establish that the largest
common overlap between two files of 1024 characters was 26 characters. Larger overlaps require even
fewer comparisons.
Keywords and Phrases: text comparison, string matching, edit-distance, divide-and-conquer
strategy.
CR Categories: 3.53, 3.71, 3.74, 4.22, 5.25.

1.

INTRODUCTION
A number of algorithms have been proposed for
finding the longest common subsequence of two strings A
and B.
The problem can be stated as follows:
Given two sequences A and B
ai a2 a3 ... am
m> <p
bi b2 b3 .. . bn
n>0
it is necessary to find the sequence C
ci c2 c3 .. . cp
p ><j>
such C is a common subsequence of A and B and p is
maximised.
The earliest of these algorithms has quadratic time
and quadratic space requirements (Wagner and Fischer,
1974). More recently Hunt and Szymanski (Hunt and
Szymanski, 1977), and Hirschberg (Hirschberg, 1975 and
Hirschberg, 1977) have proposed algorithms with better
than quadratic performance. Hirschberg’s algorithms which
give the best performance impose the constraint that the
common sequence must result from a mapping function
that is strictly monotone increasing with respect to
sequence position. Solutions of the type that allow
"course” to be a subsequence of “computer science” are
therefore admitted. This constraint forces Hirschberg’s
algorithms to still consume considerable amounts of time
when comparing long sequences.
To establish the degree of overlap between files, and
for other related applications with text, it is considerably
more efficient to employ a divide and conquer strategy.
The latter approach will not admit common subsequences
that are broken or fragmented but this is a small sacrifice in
text comparison problems. In a sense the constraint that
common subsequences follow the same order in the two
strings is an unnecessary and limiting restriction in some
instances (e.g., where whole segments of a file have been
rearranged).
In the discussion which follows two versions of the
algorithm together with probability-based models and
“Copyright © 1979, Australian Computer Society Inc.
General permission to republish, but not for profit, all or part of
this material is granted; provided that ACI’s copyright notice is
given and that reference is made to the publication, to its date of
issue, and to the fact that reprinting privileges were granted by
permission of the Australian Computer Society.”

empirical performance data are presented. The algorithm
has been designed primarily to give high performance for
handling the practical problem of comparing textual data.
Consideration of the complications involved in extending
the approach to systems with infinite alphabets and other
more unusual cases is left to the reader.
2.

ALGORITHM 1
In its most primitive form the algorithm involves
probing one of the strings A according to the divide and
conquer principle. For each single character probe of A a
complete pass is made through the second string B (in the
more efficient implementation only a very small fraction of
the B sequence needs to be examined).
Whenever a match is made between the current
character from A and a B character the match then
proceeds as far as possible in both directions. At the end of
a pass through B if the longest common sequence is greater
than the current level of bisection then the algorithm can
terminate as no longer common sequence is possible.
It follows that the efficiency of the algorithm
depends upon the following theorem which is easily proved
by induction.
Theorem
If the longest common subsequence C of length p
satisfies the relation 2X < p < 2X + 1 where x is an integer
> 4> and s = 2X then a character of C present in a string A of
length m will be referenced in at most-!)?- — 1 probes of A
when the probes of A are made according to a conventional
bisection pattern.
The following simple example illustrates the basic
mechanism of the algorithm. Consider the two strings A
and B in the table below
Probe Order 8

4 9

2

10

5

11

1

Character
Position

1

2

4

5

6

7

8

String A
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which have as their longest common sequence the string
“COMMON”. Detection of this common substring proceeds
as follows. Firstly according to the divide and conquer
principle the middle character “S” in A is selected to be
matched against the string B. When an “S” is encountered
while making the first pass through B (that is, at position
12 in B) a local match on either side of the “S” is initiated.
In this pass the local match establishes that as = b-\ 2 and
ag = bi 3 but in backtracking we find that dtj
bi 1. Thus
after the first pass it has been established that “SA” is the
current largest overlap. Since this match is less than 8
characters we cannot be sure that we have, at this stage,
found the maximum overlap. If the overlap had been
greater than or equal to 8 characters (half the length of A)
the algorithm would terminate as it would not then be
possible to find a longer common substring.
For the second pass through B the match character
from A is R at position
In this pass there is a match of
only one character with bi o- The third probe of A involves
the letter M at position a-| 2• In the accompanying pass
through B a match isjmade of ai 2 with b-$.
The localized backwards and forwards matching
procedure is then invoked. In the forward match it
establishes ai 2 = b3 a-| 3 = b4 ai 4 = bs and ai 5 = be while
in the backwards match an = b2 and a-] 0 = bi • The match
for “COMMON” is then complete and so the comparison
continues for the rest of the B sequence. . Since
“COMMON” contains more than 3 characters, and all
probes of A in steps of 4 characters have been completed,
the algorithm can terminate as the requirements for
establishing the longest common substring [match length
(6) > current bisection level (4)] have been satisfied.
Therefore to detect an overlap of greater than one quarter
of the total string length we have had to examine only
slightly more than 45 (3x15) characters rather than 225
(15x15).
It can be seen that the divide and conquer strategy
enables us to sample potential match characters from A in a
much more efficient way than starting at the beginning of
A and stepping through it progressively one character at a
time. The divide and conquer strategy has the added
advantage of being able to establish, at any stage in the
search, whether or not a common substring match satisfies
the criterion of being the longest without the necessity of
having to probe all characters in A. A possible implemen
tation of the algorithm is given below. In practice the
algorithm has been implemented as a single procedure.
However, for the purpose of presentation it has been
divided into a driver routine maxseq and a backward and
forward matching procedure fbmatch. The purpose of the
chosen variables should be self-evident.
The algorithm can be easily modified to find the edit
distance (Wagner and Fischer, 1974) between two text files.
maxseq (A,B,C,m,n,p)
char A[m], B[nj, C[p]
{ initialize maximum match, current best match and step length}
begin
maxmch
cmatch <-0; Istep ♦m; k = m/2
{ Set up loop to terminate when maximum match is grater than
or equal to current bisection level}
while maxmch <1 step do
begin
pstep ♦Istep
Istep ♦ [step/2j
i ♦Istep
while i =Ssn do
begin

i-i
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{ Step through B matching against ith character in A}
fb match (A,B,i,j,m,n,k,maxmch,cmatch
i ♦i+pstep
end
end
p ♦maxmch
I *0
{ Now copy maximum overlap into C array}
while I <C p do
begin
I ♦ 1+1
k ♦ k+1
C[l] ♦Aik]
end
return
end
fbmatch (A,B,i,j,m,n,k,maxmch,cmatch)
char A[m], B[n]
{ forward and backward matching function called by maxseq}
begin
while j <=n do
begin
ic *i
jc
{ start forward match}
whileic^m&jc^n&A[ic] = B[jc] do
begin
cmatch ♦cmatch+l
ic ♦ jc+1
jc ♦ jc+1
end
{ now do backward match if current match greater than 0}
if cmatch >0then
begin
ic ♦ic — cmatch — I
jc ♦jc — cmatch — I
while ic >0 & jc > 0& A [ic] = B [jc] do
begin
cmatch ♦cmatch+l
ic ♦jc-1
jc ♦jc-1
end
{test if current match is greater current maximum match}
if cmatch > maxmch then
begin
maxmch ♦cmatch
k ^ic
end
cmatch *0
end
j +j+1
end
return
end

3.

ALGORITHM 2
Hirschberg (Hirschberg, 1977) has shown that con
siderable efficiency can be derived from preprocessing one
of the sequences to be used in the match. His idea is to
build a list for each member of the symbol alphabet. Each
list specifies the locations in the sequence where the
particular symbol occurs. The same basic approach can be
used with the present algorithm for the B sequence.
However, in the textual context, it is far more efficient to
build a set of lists for all character pairs rather than for
single characters. There is a square law dependence on
single character or double character probabilities (see next
section) in the divide and conquer common sequence
detection algorithm. Since for any natural language the
probabilities of occurrence for character pairs are, in
general, significantly less than single character probabilities,
it is therefore wise to base the design on character pairs
when aiming for an algorithm with high performance
characteristics.
As in the first algorithm the bisection strategy is still
The Australian Computer Journal, Vol. 7 7, No. 2, May 7979
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applied to the A sequence. However now pairs of characters
are used for matching. The character pair selected from A
at any given probe serves to index the list-head pointer
which begins the linkage for the positions of all the
character pairs in B that match the current character pair
selected from A. Local forward and backward matches are
then made with respect to each of the corresponding
character pair positions in B. The character pair of highest
probability in English is EA. It has a probability of 0.03.
This means that in the worst case situation when the
character pair EA is selected from A we will need to make
comparisons for only about 6% (2 x 0.03) of the characters
in B.
It follows that the preprocessing step based on
character pairs and linked lists is well worth the effort since
we can expect roughly a 100-fold improvement in
performance of algorithm 2 over algorithm 1. As for the
first algorithm, algorithm 2 does not require large amounts
of storage space or lengthy set up times. For text process
ing an index array of 728 (27 x 27 — 1) and a link aray of
n elements are all that are needed. A single pass through
the B array establishes the index and link table as shown
below.

if INDEXjx] >0
then
begin
l_INK[j] *INDEX[x]
INDEX[x] <i
end
else INDEX[x] -j
end
return
end

The only time when the preprocessing of B would be
of no advantage is when the longest common subsequence
is greater than half the length of B. The modifications to
adapt algorithm 1 as described to the requirements for
algorithm 2 are straightforward.
4.
(a)

PROBABILITY-BASED MODEL
Model for Algorithm 1
Simple heuristic probability based models for
predicting the performance of the two algorithms can be
constructed.
The theorem on which the algorithm is based suggests
that (™ — I) characters from A will need to be examined to

Index

296

Linked list for character
pairs in B

7

B sequence
Position in B sequence

Each entry in the character pair index table contains
a pointer to the position of the latest occurrence in B of
that character pair. The corresponding position in the
linked list contains a pointer to the next occurrence of that
character pair in B (e.g., at 283 there is a pointer to 157).
The earliest occurrence of each character pair will have a
zero pointer.
Construction of the link table for each pair proceeds
by stepping through the B sequence and progressively
updating the latest occurrence index pointer as new
occurrences of a pair are encountered. At each update the
previous index is placed in the link table to establish the link
to the earlier occurrences of the character pair.
The algorithm for setting up the link table and index
is as follows:
setup (B, INDEX, LINK, m, ia, il)
char B[n]
integer INDEX [il], LINK [n]
{ ia is the number of characters in the alphabet and il is the square
of the alphabet size}
begin
n-| * n—1
j-0
while j
nl do
begin
j <-j + I
x *B[j] *ia + B[j+1 ]
The Australian Computer Journal, Voi. 11, No. 2, May 1979

find the longest common pattern C subject
constraints on s. (e.g., s = 2X and 2X < p > 2X+1).
At the zero order level this will involve (!2
comparisons because (At — 1) passes through
sequence will be required. The total number of zero
comparisons T^ is therefore:

T0=(^-1).n
where s = 2X

to the
— 1).n
the B
order

(1)
2X < p < 2X+1, and x is an integer > 0

At zero order the model does not include contributions
from the backward and forward matching procedures that
must be initiated each time the character selected from A
matches the current B character. The following argument
can be used to extend the model for the latter
contributions. For a given character “i” with a probability
of occurrence 0j the (~ — 1) probes of A will encounter
this character (21 — 1) ip\ times. Assuming the probability
of occurrence distributions for both the A and B sequences
are the same then the character i' will occur in the B
sequence rn/q times. It follows that the backward and
forward comparisons contributed by the character i will be
at least 2(21 — 1)0j.n0j even if there is only a one character
match. For all characters in the alphabet under
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consideration the total contribution, correct to first order
for the backward and forward matches is
D = S
i=1

2(21 — 1)ni//?

(2)

where d is the alphabet size.
Adding this contribution to the zero order comparison
count gives the first order result

character maximum overlap. In general the character pair
probabilities are much less than single character
probabilities and so the contribution from the second
term in equation (6) is significantly smaller than the
corresponding contribution in algorithm 1. For example,
the most frequent character pair EA has a probability of
occurrence of only 0.03 for the English Language. The
third term in equation (4) reduces to p. The first order
comparison equation for algorithm 2 is therefore:
T; =

d

T! =(m — 1 ).n + 2 2(2! -1).n^?
5
i=1
b

To
complete
the equation
the comparison
contribution from the actual match of the longest sequence
must be included. In the worst case situation, where
matching begins at the last character Cp the contribution is
2p. In the average case the match will start at the middle of
C and so to complete the match J-p comparisons will need
to be made. The expression for the total first order
comparisons then becomes
T,=(f —1).n+

Z

2(f-1)n^+3p

(4)

This model is sufficiently accurate to make good lower
limit predictions of the number of comparisons needed to
find the longest common subsequence corresponding to a
given degree of overlap.
The accuracy of the model can be improved by a
scaling the matching term in (4) by a factor f.
T1=(f-l).n+ 2 f(m_1)niJ/2+3p

(5)

The factor f must reflect the average number of
comparisons needed to establish a mismatch in both the
forward and backward directions. A rigorous model for f
would be difficult to construct. However a reasonable
estimate of f can be established experimentally by making
measurements on data which reflect the behaviour of that
system for which the model is to be applied.
Measurements on English text indicate that f is
approximately 2.15. In more general circumstances the
value of f will vary according to the size and probability
distribution of the alphabet to which the two sequences
belong.
(b)

The Model for Algorithm 2
Algorithm 2 is designed primarily to minimise the
contributions of the dominant first term in equation (5). It
reduces to

2

2 (m_=_L_i)(n-1)^2

i=1 j=1

u

if it is taken that one comparison is needed to look up a
pair in the index table.
The term that accounts for backward and forward
matching is also reduced. It becomes
2 2 2(2Lii_L — 1) (n — 1 )i// ?■
i=l j=i
s
1J
where i|/;i is the joint probability of occurrence of the
ordered character pair ij. Neither algorithm 2 nor its model
will account for the generally trivial case of a single
66

i

S

(TLjP_L — 1) (n — 1) 1//

+

(3)
|

| 2(hl=lJ -1) (n-1)^? + p.

(6)

i=1 j=1
Examining equation (6) and comparing it with equation (5)
it can be seen that the single pass through the B sequence to
set up the character pair linked lists has greatly reduced the
amount of probing of that sequence needed to establish the
longest common subsequence. The first and second terms in
equation (6) can obviously be combined. Once again the
accuracy of the model can be improved by scaling the
matching term by a factor f\
5.

EMPIRICAL PERFORMANCE
Algorithms 1 and 2 have been implemented and per
formance tested for varying degrees of overlap between two
textual files each of 1024 characters in length. The results
are summarised in Table 1.
Clearly Algorithm 2’s performance (as measured in
terms of number of comparisons) for determining the
longest common unbroken subsequence is good for all
degrees of overlap of textual data. To estimate the overall
cost for algorithm 2 the single pass through the B sequence
to set up the character pair link table should also be
included. For large degrees of overlap the performance of
algorithm 1 is also favourable.
It is instructive to examine the relativity in perfor
mance between Hirschberg’s algorithm (Hirschberg 1975,
and Hirschberg 1977) and the present work. There are
difficulties in making direct performance comparisons
between the two methods because they have in effect been
designed to solve two different problems. Hirschberg’s
algorithm, which hasa time requirement of 0[pn + n log2n]
tackles the problem of common sequences with a strictly
monotone increasing mapping function, whereas the
present work focusses on the longest unbroken common
subsequence. Clearly when Hirschberg’s algorithm is applied
to the latter problem its performance is inferior. Results in
Table 1 for Hirschberg’s algorithm confirm this.
A study of the two models reveals that Hirschberg’s
algorithm requires fewer comparisons as the degree of
overlap decreases whereas the present algorithm exhibits
the more natural behaviour of requiring more comparisons
as the degree of overlap decreases.
Therefore the important result to take into consider
ation when comparing the two algorithms is the relative
performance for very small overlap. From Table 1 it can be
seen that even when the overlap was only 2.5% (26
characters) there was still more than an order of magnitude
difference in performance.
Hirschberg (Hirschberg, 1977) gives a second
algorithm with a time complexity of 0[p(m + 1 — 1)log n]
for the special case when there are only very small discrepThe Australian Computer Journal, Vol. 7 7, No. 2, May 1979
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Table 1 *
No. of
Compari
sons
Algorithm
1 **

No. of
Compari
sons
Algorithm
2* **

Hirsch
berg’s =A
Algorithm

Maximum
Overlap
%

No. of
Charac
ters in
Overlap

75,381(75,396)
37,098 37,157
17,793 18,095)
8,574 8,679
4,180 4,200
1,915( 2,420)

1429^
864
484
420
572
833+

36,864
63,488
116,736
223,232
436,224
862,208

2.5
5.0
10.0
20.0
40.0
80.0

26
51
102
204
408
816

*

The two sequences being compared were both 1024 characters
long.
+ The comparisons (816) contributed by the maximum overlap
dominate for large and common subsequences.
Predictions for Hirschberg’s algorithm are taken from the
formula 0[np + n log2n]
^ A maximum overlap of only 16 characters would reguire approx
imately the same number of comparisons since 16 =Ss26 < 32.
** Model predictions from equation (5) are given in brackets for
f=2.15.
***Model predictions for algorithm 2 have not been included
because accurate character-pair probability information (i//jj) was
not available.

ancies between two files. Even in the instance when
p = m — 1 the cost for this algorithm would be 20460
comparisons for the case when m = n = 1024. As p deviates
from m the performance of this algorithm rapidly falls off.
It can be seen from equation (6) that .in general the
performance of algorithm 2 depends on the size and proba
bility distribution of the alphabet from which the A and B

sequences were derived. Smaller alphabets and unevenly
distributed probabilities among the members of an alphabet
are two factors that contribute unfavourably to the per
formance of algorithm 2. The model predicts that for a
binary alphabet in which all (4) possible pairs occurred with
equal probability, a 26 binary digit maximum overlap,
(with m = n = 1024) would require 20,000-40,000
comparisons, compared with only 1429 for an English text
example. Although the binary alphabet example is not the
worst case it does point to the fact that the algorithm will
still perform reasonably well in unfavourable circumstances.
Where the overlap is extensive the alphabet size and prob
ability distribution are less important.
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Book Review
Tebbs, D. and Collins, G., Real Time Systems, McGraw-Hill Book
Co., 1977, pp. 357. $A unknown.
This book does as the Preface says: it gives "an overview of
virtually the whole real time field. The book assumes nothing other
than a general knowledge of conventional batch processing and
should therefore be equally useful to the manager and to the com
puter professional who wishes to widen his experience in the real
time area.
The book is divided into four parts: each part made up of
four to six chapters which are written on particular subjects. The
diagrams given are clear and helpful. However, there are no
summaries, no suggested exercises or Glossary, and no examples to
demonstrate the implementation of techniques such as given in
Blackman M. (1975). Further, there is no adequate description of
how the four parts fit together.
The first part gives an introduction to real time computer
systems, and management aspects. The introduction consists of a
chapter on Real Time Computer Systems and a chapter on the
essential System Requirements of a real time computer system. The
four chapters on management aspects cover the manner in which a
system may be justified, project constraints when implementing a
system, the skills required by staff, and project management. These
chapters assume a general management approach used in batch
computer installations and make either general statements of policy,
or give specific details of aspects which experience has shown to be
important (to the authors).
The second part describes the stages of development of a
project and includes chapters on Systems Analysis in Real Time,
Computer System Design, system implementation, and interaction
between a real time system and users. These chapters are competent
individually but do not mesh together very well. The place of the
user, although referred to, is not highlighted.
The third part states, and, explains if necessary, different
design techniques. It discusses these techniques in chapters on
Terminal Network configuration, File Design, Fail-soft, Security and
Integrity, and Program Organisation and Timing. These chapters are
well explained and useful. Further references of design techniques
are given in the fourth part. This part embraces information on
The Australian Computer journal, Vot. 11, No. 2, May 1979

Queueing Theory, Data Transmission (mainly in Great Britain).
Reliability Calculations, File Techniques and finally an attempt to
define a real time computer system. A chapter can be taken as an
indication of the depth at which the book proceeds.
In the chapter on Queueing Theory the author says “Graphs
included in the figures in this chapter are for illustration purposes.
While their shape is sufficiently accurate for first time predictions,
standard mathematical tables and reference graphs should be used
for work of greater accuracy”. In twenty pages, the single server and
multi-server models are introduced and simple illustrations to real
time computer systems demonstrated. Pritchard (1976) or Martin
(1969) are much better in this area.
This book does not contain references, at the end of each
chapter or the end of the book. General references in the same area
as J. Martin (1965, 1967, 1969), P. Stimler (1969), M. Blackman
(1975), E. Yourdon (1972) or J. Pritchard (1976), are not
mentioned. This information would seem to be required, particu
larly when implementing some of the described techniques.
In summary, I would recommend this book as an overview
written in a practical and easily readable style: it would form a good
basic text for a first course in real time computer systems.
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A GREAT DEBATE

"Does the Widespread Use of
Computers
Cause Unemployment?"
On Thursday, February 15, 1979, the Victorian Branch of the Australian Computer Society
organized a debate with the above title.
Speaking for the motion were Mr John Maynes, Federal President of the Federated Clerks’
Union, and Mr Peter Nolan, Federal Secretary of the Australian Council of Trade Unions. Those speak
ing against the motion were Mr N.C.L. Batt, Deputy Premier and Treasurer of Tasmania and Federal
Leader of the Australian Labor Party and Mr Peter Frankel, President of the Melbourne Chamber of
Commerce. This article reproduces (slightly edited versions of) the talks given by Messrs Maynes and
Frankel.
The general conclusions drawn by all speakers were that: —
(i)
Computers (and other technological innovations) do cause loss of future employment oppor
tunities. Data should be gathered to quantify this effect.
(ii)
Individuals in society, particularly young people, will have to accommodate themselves to
achieving their affiliative, self actualisation and remuneration satisfactions with less time
spent in formal work situations.
(iii)
Computers are here to stay and we should accept them and set about planning for changing
societal structure so that all get a fair share of the wealth and happiness.
(iv)
Technological changes also bring new opportunities, which should be recognised, planned for
and exploited.
(v)
Australian Computer Society members should be aware of and involved in the creation of new
relationships between man and his employment.
KEYWORDS: Technology and Unemployment, Social Implications
CR CATEGORIES: 2.12, 2.11

“BROADENING OUR VIEW OF THE EFFECTS
OF TECHNOLOGICAL CHANGE”.
P. Frankel, President, Melbourne Chamber of
Commerce.
Mr Chairman, Ladies and Gentlemen,
I must confess that I have considerable doubt
whether what I have to say will entirely please the organ
isers of this gathering, especially as I have been placed in
taking the negative side of the subject, “Whether the
widespread use of computers causes unemployment”
when in fact the whole issue is very much more complex
than the question could imply.
So, if I do not come up to the expectations of the
organisers in taking the side I was given I apologise in
advance.
I am, however, quite determined that the issue
which we are here to discuss, which I would translate into
being the social impact of computers, touches the most
critical issue we face in the world and certainly in our
particular case in Australia.
I really do not want to debate it with my fellow
speakers if debating means winning or losing an argument,
but I want to discuss it with them and certainly with you
so that we can all leave here with a deeper understanding
for the real need to reach a concensus.
"Copyright©1 979, Australian Computer Society Inc.
General permission to republish, but not for profit, all or part of
this material is granted; provided that ACJ's copyright notice is
given and that reference is made to the publication, to its date of
issue, and to the fact that reprinting privileges were granted by
permission of the Australian Computer Society.”
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Occasions of this kind are wasted unless the intent
is to strive for understanding and forge an agreement
because only with such agreement can we hope to reap
the benefits of the micro-electronic technology revolution.
The decisions we will be making over the next
decade, if we even have that much time, about the applic
ation of the new micro-electronics will have effects reach
ing into every home, into every business, and will touch
every person.
So far, most of the determinations that have been
made have been based on economic criteria. These are
well understood, but what is not considered in the depth
it requires are the resulting social consequences and,
worse, there is a lack of recognition of the social con
sequences of the decisions which will have to be taken in
the very immediate future.
Applications of new technologies surely cannot be
considered on purely political and economic criteria,
without regard to the resulting consequences to people,
as this would unfailingly lead to major trouble and con
sequent confrontation, which must be avoided.
The question we are asked to discuss sounds simple
enough.
But an attempt to answer it simply is a waste of
everyone’s time because an easy answer is yes and no.
This is hardly very satisfactory to those who are
genuinely trying to reach the right conclusions so that
from them can flow long term, well founded policies and
not some of the ad hocery that has clouded the whole
issue in the past.
To be able to project my point of view, I think we
should examine for a moment what is really meant by
‘unemployment’. By doing this we can immediately observe
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the complexity to which the simple question leads us.
If we mean by unemployment that at the point of
introduction of a computer there is a labour displacement
which means that because of such action certain tasks have
been eliminated and the people that have performed them
are not required anymore, naturally we have unemploy
ment in a certain sector.
I would, however, say that in general it is possible
and ought to be made possible, for persons displaced in
that way to be retrained in other tasks which do have to
be done, possibly as a result of the creation of new oppor
tunities by computer operation. There are many examples
where this has happened, but what is then required is
that the relocation is made without undue hardship and in
areas where the displaced person has again the expectation
o# an assured career.
So far, as I see it, as a result of the introduction of
the computer technology in Australia, computers have
probably in the first instance multiplied the number of '
jobs available around them. Where displacement will have
occurred it has indeed been absorbed by relocation and,
to a lesser extent, by retraining so that those immediately
affected by the introduction of a single computer have
frequently survived to work satisfactorily somewhere
else, either within the enterprise or elsewhere.
Although that has not been always the case, as a
generalization, without taking particular issue with one
or the other industry, I think it can be suggested that the
problem so far has been dealt with.
If we look at unemployment in another light,
however, and ask the question whether the introduction
of labour displacing equipment over a period of time will
lead to a reduction in the rate of job creation, then I
think we would honestly reply in a different manner.
I have already said that the early generations of
computers have multiplied the amount of work required
to be done, if for no other reason than that they create
new tasks and new areas of employment which previously
could not even be attempted. The introduction, however,
of the new generation of computers today and those that
will follow based on micro-electronic equipment will, it
can be forcibly argued, slow down the rate ofjob creation.
That does not mean unemployment at the place and
at the time the computer is introduced, but the lack of
employment available as a result of its carrying out its
multiple functions in the future.
In other words, the advent of this new technology
will result in less people being required to produce an
increasing amount of goods and services.
Let me say right away that to my mind that is a
wholly good thing, but it does require a social reappraisal
of a very major kind.
The introduction of this new equipment and its
application over the widest range of industrial, commercial
and tertiary sector operations will in fact mean that for
the first time in human history mankind will not have to
perform dirty, unhealthy, boring, repetitive and undignified
work. No one will quarrel with that, so we should ap
proach all these changes with a great deal of optimism
rather than with dismay.
Let me just interpose at this point. I have left aside
from this discussion all of the other quite fantastic
advances in medical science or the other sciences which
have been made possible by computerization. Problems
can now be solved at speeds which yet have to be fully
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understood. From immediate communications to the
exploration of the galaxies to the operations of aircraft
thought impossible only a generation ago. The advent of
the computer age has brought new horizons to man’s
ingenuity.
No one will question that the invention of the com
puter technology and its continued refinement is of major
benefit to all mankind.
Like all technologies which have preceded it, at a
very much slower pace though, it will in a most dramatic
way lead to massive improvements in the potential standard
of living of all people and it is our task to translate this
potential benefit into actual reality.
But, there is danger even in the advances which I
have mentioned and that is that machines dehumanise
many areas of human activity and checks and balances
will have to be introduced to avoid that.
Probably the most obvious type of dehumanis
ation is the one that affects every one of us as the greater
efficiency of computers in billing and mailing procedures,
but the inability of computers to have compassion, under
standing, or being able to relate to peoples’ needs.
Perhaps I could tell you what happened to me once,
in a lighter vein. Some years ago one of the major credit
card worldwide companies made an error and, as you all
know, to get an error rectified under those circumstances
is a mammoth task. I was able to visit, however, that
company at its headquarters and on the invoice there was
an indication that my representative was a gentleman
by the name of Collins. I asked for Mr Collins. A gentle
man introduced himself as Mr Collins, took note of my
complaint and advised me it would be fed into the com
puter and within a week or two the whole matter would
be rectified. Two months later it had not been done and
I happened to be in that same city again and returned and
asked again for Mr Collins at which another gentleman
appeared and introduced himself as Mr Collins. I asked him
whether everyone in this organization was called Collins
and, obviously, he could not restrain his mirth at the
question and admitted that that was the company en
deavouring to create a human touch and that anyone in
that particular customer service room would be available
if asked for under the name of Collins, or any other name
which had been fed into the computer as a customer’s
representative. Maybe the company tried hard, but some
how I do not think it worked and that system has been
discontinued by the company.
There is a third element to the unemployment issue
which must be faced.
Even allowing in a number of instances that the
introduction of computers has led to significant labour
displacements and that this displaced labour has not
secured alternative permanent employment, the real prob
lem does not lie in displacement and it will not lie in
displacement.
It will lie in the excessive demand for labour oppor
tunities. 1 repeat, therefore, that for the first time ever we
have an opportunity to reduce the numbers of our popul
ation who must work whereas, in fact, we have an in
creasing number of the population demanding the right to
work.
It is therefore our responsibility now to examine in a
totally new way who has the prior right to employment
and once we determine that we have to look at the whole
question of the redistribution of that particular wealth
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which is produced by fewer numbers, as the result of the
introduction of advanced methods such as computers.
To put this very complex issue into its very simplest
form, we have a real opportunity to create an incomes
policy which gives a single breadwinner family and selfsupporting members of the community the opportunity
to draw incomes satisfactory to their reasonable needs.
As we come to deal with this opportunity, what we
find is that most families in the community are in the
process of transfer to dual or even multiple incomes.
There are again many reasons for this having occur
red.
Some arise from different social aspirations among
women, among young people and often among elderly
people. These social aspirations cannot be disregarded in
a changing society, but what is equally obvious is that for
many of the families presently depending on two incomes
for their needs, there is very little choice in reality, mainly
because usually the principal breadwinner is on a low
income.
If we continue with policies which led to the mul
tiple income families’” while simultaneously introducing
the new technology as widely as it can and should be
applied, the inevitable result will be a very large number
of people, with more than half of them under the age of 25,
unable to enter the permanent workforce and thereby
unable to set themselves up in life in a way which we
would regard as their right.
We must, and we must do it freely rather than be
forced to do it, examine these policies very closely and
review our attitude to family income and very much to
taxation as well as education and practically the whole
gamit of public policy.
But here we run into trouble because there is not in
Australia any basis upon which such a review of policies,
practices, habits, customs, traditions, social aspirations and
educational systems can be undertaken.
Certainly no government, state or federal, from
either party, has the sort of widespread community sup
port which would enable it to undertake the reforms I
have mentioned, even if there was a government ready
and willing to make the change.
In expanding this point, I would like to refer to
views which I have expressed before, that all of Aust
ralia’s sectional interests are highly structured and in
stitutionalised. It does not matter whether it is bankers,
financiers, farmers, workers, employers, miners, the
Public Service or even the media, most of their discussions
come about by one group seeking to advance its interests
at the expense of the other and most of these discussions
are carried through by ‘their official representatives: not
always, but all too frequently, by lawyers. From time to
time there are alliances of convenience with each other,
always with an eye to the greatest possible advantage.
So the attitude of the individuals who make up the
sectional interests is conditioned by the report they get
from their official representatives and of the media, of the
war of attrition they are having with their current antag
onists.
How many union officials will return from unsuccess
ful negotiations with an employer and report that 'We
had a friendly talk about the claim, the boss is a gentle
and compassionate man, worthy of respect and admir
ation, but on this occasion he has declined to grant our
demands’ and how many negotiating managers will report
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to their boards that they were ‘Deeply impressed with the
integrity of the union man, that he had shown an interest
in the welfare of the enterprise and after listening to the
thoroughly constructed arguments, it was agreed to grant
their claims in full’.
You see the point is that it is totally against the
professional interest of both men to speak like that, so
they cannot and do not and because everyone knows that
they will not or cannot, everyone plays the game accord
ing to its rules and the rules specify that the parties are
always to be adversaries. They are being judged by how
much they can get from the opposition or how little they
have been able to give away.
The question therefore arises, ‘How can relation
ships between major sectional interests change radically?’,
and they must for something useful to happen in the
debate we are having today, when those that represent
the sectional interests have the dealings with the others
have a professional stake in the status quo. I am not
criticising the people in those positions because they are
locked in, as the institutionalising of sectional interests
have made them the wielders of power. They are not
given power to surrender, they are only expected to win
and if they do not they have to watch out.
In Australia, when we are faced with an economic
situation where the creation of one technology outpaces
the recognition of the effects and the need for prior con
sultations has not been observed, because of an inferiority
complex of great magnitude, we always look overseas to
find the answers.
We should strive to solve the problems as we see
them and then co-operate in finding solutions with werldwide application.
You see, the new technology is not restricted to
developed countries. Like Japan before them, countries
like Taiwan, Singapore, Malaysia, Korea, Brazil, have
access in their country through international companies
to immense know-how into technologies which will affect
their basic industries, whether it be steel, shipping, elect
ronics, machine tools or even white goods. This, as a result,
will oblige us to find new trade relations, especially in
South-East Asia.
But it also illustrates that the workforce changes
which will occur in Australia are occurring everywhere in
the world. Differently, perhaps, in other directions, but
no one is standing still.
The standards of living will rise, new trading oppor
tunities for us will open up, new labour will be required
because of that, but in different areas of production
because this new skilled workforce created overseas will
bring about an increase in competition with some of our
traditional areas of employment such as steel, motor car,
manufacturing, and textiles.
Are we using the new technology, the computer
technology to the best advantage to allow us to face these
new challenges? Well, let me give you one example where
the computer will provide immense new opportunities.
In Melbourne there will commence to rise next
month the World Trade Centre. The World Trade Centre
will be equipped with one of the latest generation com
puters to provide information which in the past has not
been available or not been available quickly enough, by
its interlink with computers around the world in other
world trade centres.
It will provide information on whether to assist
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rural industries, on market openings to assist exporters, on
the opportunities of manufacturing goods being required
by this or that country so that our manufacturers are
better able to plan their production.
It will provide market information in such multitude,
at such speed that many of those engaged in international
trade, of any product, will meet competition from over
seas on equal terms for the first time.
What that will do to our trade is anyone’s guess, but
that it will be good, that it will create jobs, that it will
increase the possibilities of our viewing the whole world as
a market instead of only Australia is evident and certain.
Having now probably been a little confusing by
showing the complexity or the “simple” question put to us
today, I want to put to you that we should really not
attempt to come to a decision today about whether or
not the jobs created by the new technology outstrip the
future jobs which will not be needed in any given time
span.
What we see before us is the need for accelerated
research to recommend policies which will be rather
more social than they are economic. We cannot stop and
we do not want to stop the development of technology
simply because our institutions are so structured so as to
be unable to cope with them. What we can do, however,
is to try to develop a concensus everywhere, an under
standing that changes as important as those outlined
should be planned rather than be permitted to happen.
This planning does not merely involve the computer
industry or its consumers, it must involve all of the major
elements in society working in harmony as it is the whole
society which is affected, as I said at the outset of my
address.
It is already obvious that the design of our educ
ation system is not satisfactory anymore to cope with
the changes which have been brought upon by the speed
of the technological revolution. It is increasingly obvious
that technical education is in need of a vast overhaul and,
if necessary, at the expense of university education. It is
equally obvious that you will not slow down the demand
for work. There is the demand for positions in the work
force unless you create a socially just incomes policy
which obviates the need to work for those groups who are
more or less economic conscripts at the moment.
Especially married women with young families whose
husbands are in low paid jobs, many of which will dis
appear because of the new technology.
More immediately, there needs to be consultation
about investment programmes and the introduction of new
equipment in centres and locations where the immediate
job displacement cannot be absorbed by other employ
ment opportunities. What we must avoid is that restructur
ing and dislocation becomes unfair or prolonged.
Not long ago, in 1972 I think it was, the govern
ment of the day made a decision, without planning, with
out warning, without consultation, and without appreci
ating the turmoil which was commencing around the
world and which had serious consequences on Australian
trading opportunities. It reduced the tariffs by 25 percent
across the board with quite disastrous consequences to
local industry and affecting the livelihood of many people.
That sort of action can be equated to decisions to
suddenly install equipment without planning what to do
with the transformation that will occur in the workforce
as a result of that equipment.
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I do not want to be misunderstood. I am not saying
that the installation of the equipment will cause unem
ployment by itself, but the lack of planning of the flowon of the effect of the equipment certainly can.
In conclusion let me therefore say that I believe we
are not in terribly good shape at the moment to deal
with the side effects of computers and we have to build,
therefore, soundly based working relationships to tackle
the changes that we ourselves must generate.
So, while we can take care of the displaced workers
by the opportunities that are opened up by the intro
duction of computers, by retraining and relocation, we
cannot avoid producing new concepts which will reduce
the demand for jobs to rational levels and, coupled with
that, we have to revise our aims and priorities in tech
nical education to produce real vocational opportunities
for our young people.
As long as computers are servants and not the masters
this can be achieved.
As you have seen, I have addressed myself to a wide
range of issues which I believe is the only way the question
you have put to me can be answered. I thank you for your
attention.

NEW TECHNOLOGY AND UNEMPLOYMENT
J.P. Maynes,
Federated Clerks’ Union of Australia
All wisely applied new technology reduces the need
for labor to achieve a given output. This is how demo
cratic and egalitarian countries increase standards of living.
Many forms of new technology have created employ
ment both in the developed countries (the Henry Ford
“line process” in the motor industry, for example) and
now in developing countries. Given equal levels of train
ing and wages, and the absence of monopoly conditions,
the country with the most sophisticated technology will
generally have the higher prosperity. Few would argue
with these propositions.
Some say that computers, cybernetics generally,
and micro-electronics are merely part of the change which
has been going on since the wheel was invented, hence
there is no need for major concern over unemployment or
anything else. That is (and has been) utter nonsense. It is
one of the central reasons why the widespread use of
computers and the technology flowing from them, have
already contributed to unemployment in developed
countries and will continue to do so in a dramatic way if
this totally false assertion is not killed.
There is ample authority to support this but let me
quote from computer industry sources:
William Anderson, chairman of National Cash
Register Corporation, one of the biggest computer manu
facturers in the world, speaking on “The Environment of
Banking” said:
“Anyone who thinks the next 10 years will be a
projection of the 1960s, or even of the first half of
the 1970s, is living in a dream world!”
Is he exaggerating? Let’s quote Mr James Martin,
author of many computer books and a member of the
I.B.M. Corporation’s Research Institute in New York. He
said:
“Pocket computers will develop so that by 1980
you can buy, for $20, one which has a capacity of
65K bytes — a reasonable-sized computer a couple
of years ago. By 1989 they will have one million bit
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capacity and, by 1990, 10 million, and will retail at
about $1.00.”
I have been closely involved in the study, appreci
ation and subsequent policy formation and action in
relation to new technology for almost 25 years. The Feder
ated Clerks’ Union of Australia has been involved for over
20 years. This has led to involvement in the proliferation
of the multinational corporations and consequently a
substantial involvement in international unionism.
Since 1956 we have had a policy stance of wel
coming the planned introduction of new technology which
we stressed required at least a tripartite approach at all
levels — international, national, state and industry.
By 1966, because of apathy on the part of others,
and deliberate employer policy in many cases, we had to
adopt a stance of "consultation or confrontation”.
By 1969 we had evolved a detailed policy approach
which is largely reflected in the ACTU Congress decision
of that year. This emphasised the qualitative character of
the new technology and provided a reasonable blueprint
of how to go about its .application in Australia. It sought
to obtain the benefits'and to avoid the already-apparent
potential problems which could otherwise flow.
We proposed for discussion, an alternative approach
to hours and leisure, based upon not weekly or yearly
hours, but lifetime hours.
However we were still in the boom years, so much
so that in 1966 a conference was held in Melbourne to see
how we could enlarge the workforce by utilizing “the
aged, the infirm and married women (even those with
dependent children)”. In other countries, notably the
United States of America, the average rate of unemploy
ment was about eight per cent. This was the home of
most of the new technology. It was there in 1962, where
the Kennedy administration, launched its massive retraining
program, recognising the structural impacts technology
had created. This, of course, was before the printed
circuit and almost 10 years before micro-electronics were
invented — far less applied.
What we were saying in that period was that:
•
The computer will transform the world and the
societies within it;
•
Those who think and base policies upon the old
machine era will not only be irrelevant, but many of those
policies will be harmful to society;
•
This revolutionary change will proliferate the multi
nationals — they are the source of research and applic
ation, and as a consequence the world is fast being trans
formed into a “global village”. (Most of us there had
seen how the technology of the Second World War had
changed Australia into a nation, instead of a collection of
states where government and managerial decisions were
taken at that level.)
All of this has happened. When recently the E.E.C.
countries, but particularly France and Germany, found that
the 4.3 million employed people in textile, shipbuilding
and steel were under severe attack from Brazil, Taiwan
and South Korea, the president of France echoed one of
our central points. He said the world has always had cheap
labor sources — the problem is that today they have the
new technology — taken there, of course, by the multi
nationals.
We were also saying that there were three central
factors about employment — not one.
We were concerned to see that people were not
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unnecessarily displaced or rendered unemployed by new
technology, but as well, we were emphasising the future
job destruction effect of the new technology, particularly
in the non-rural and non-manufacturing areas which were
the employment growth areas.
The Australian government and its departments and
others with a vested interest, pointed to one area only. —
the nett loss between job displacement and jobs created
by the computer industry. Of course this was not the
central longer-term issue, particularly so when much of
the technology was relatively rudimentary, and secondly,
the object of its introduction in many areas was not job
displacement.
But all that has changed in this decade.
What we were saying, and now re-emphasise, is that
it is the ability to create jobs at a rate to match those who
ought to be in the workforce which determines whether or
not you have full employment or unemployment.
New technology has enabled the world’s workforce
in the more sophisticated areas of employment to be
enlarged considerably in the developing countries. At the
same time, in the developed countries, we were enlarging
the content of our workforce. Simultaneously, new tech
nology was destroying future job opportunity at a rapid
rate.
The resulting situation has been brought home to us
today. But' the impact has not really been felt. Micro
electronics were only invented in 1971. Secondly, the
objective of labor displacement by new technology has
really only commenced in the last couple of years, and
thirdly, the exit of work to “off shore” locations has by
no means peaked out.
In fact, I make the point when “unemployment” is
raised, that we have a higher percentage of the population
“employed” than in the past.
Our position then is simply:
1.
That our advances in both the development and
application of new technology have outstripped our social
thinking and institutions;
2.
That we are not opposed to the planned introduction
of new technology;
3.
However, to say:
(1)
That the new technology in the current situ
ation in the world has not caused unemploy
ment; and
(2)
If it is implemented at the existing or an
accelerated rate,
that it does not and will not cause unemployment
in the developed world in the immediate future,
flies in the face of fact.
4.
Additionally, even in many parts of the developing
world, it is operating against the creation of job oppor
tunity. I am far from alone when I say that for Indian
domestic purposes, the open-hearth method of steel manu
facture, as opposed to the oxygen-injected method, is
preferable.
Let me quote some people and sources which support
what I am saying, but before I do, I make one more point:
The problem with the great debate on employment
and unemployment has been largely centred around what
is strictly economic policy. “We need an investment-led
recovery”; “we must fight unemployment and inflation
simultaneously”, etc. This has been, and is probably the
central reason why we are faced with the problems. Econ
omic policy, of course, is very important and a contribution
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in that area can and should be made. However, no amount
of feasible economic stimulus, even risking counter
productive higher levels of inflation, is going to create the
job opportunities to meet the current demands in the
developed countries.
This is rendered even more impossible if we have a
rapid infusion of new technology before we have changed
our social attitudes and thinking.
The I.L.O. (International Labour Organisation) in
1975 projected the type of job creation required by 1980
if unemployment and under-employment was to be wiped
out. For South-East Asia alone, it required the creation of
180 million jobs — two and a half times the entire labour
force of the United States of America.
Some more recent figures were given by Colin
Norman in ‘Economic Impact’ No. 25, 1979: he makes a
number of points:—
(1)
In the Third World, to maintain productive
employment at current levels, requires 30 million jobs
each year over the next 20 years, i.e., 600 million jobs.
If under-employment was to be tackled it requires
1.000 million new jobs by the year 2,000.
It takes an investment of $US20,000 to establish a
job in the United States and the Third World is no cheaper.
He also makes the point that 19 million are idle in
Northern Europe, Northern America and japan.
In the nine E.E.C. countries, six million are un
employed for the first time in history.
His central point is that governments in industrialised
countries, like those in the developing world, “must pay
more attention to the link between the choice of new
technology and employment”.
He also emphasises that in developing countries
the choice of technology is critical.
For example, he says that in India it would cost
28 million Rupee to establish one plant, with an output of
12.000 tons of sugar which would employ 900 people.

To use low technology the same capital investment
would enable 47 plants to be established with an output
of 30,000 tons employing 10,000 people.
Let’s switch now to the banking industry in Aust
ralia. Total bank employment rose by 46 per cent from
1967 to 1975. However from that date to 1978 the bank
ing workforce rose by only two per cent. It is currently
claimed that existing numbers will be reduced by onethird of the current workforce by technological change.
In the general clerical field, purveyors of word pro
cessing correctly estimate that they can reduce typing
pool requirements by 60 to 70 per cent. Colin Bain, Man
aging Director of Westaff Pty Ltd, last year predicted the
end of the typist over the next five or six years.
The clerk’s future can be best described by a couple
of comparisons. Whilst the money cost of a clerk has risen
by 30 per cent in the last 10 years, an electronic chip
costing approximately $25 can today do the work of a
computer costing $M> million a decade ago.
I.B.M. rightly states that the computer cost per
100,000 multiplications has been reduced from $1.26
cents in 1958 to .008 of a cent in 1977.
A representative of W.D. Scott in the Building
Science Forum held in N.S.W. last year made these com
parisons between the cost of a female clerk and the
monthly rental hire of a computer:
In 1962 a female clerk cost $28 per week, the
monthly rental hire of a machine would be $11,000,
whereas in 1978 the female clerk costs $168 per week, and
the same machine rental is $900.
As a final point of irony, the claim that the com
puter industry would create job opportunity to replace
job displacement; the market for programmers has
declined substantially and the new software, particularly
with the silicone chip, could see many who entered this
growth industry finding themselves redundant.

Book Review
Dennie van Tassel, Program Style, Design, Efficiency, Debugging
and Testing. (2nd Edition), Prentice-Hall 1978, pp 323,
$20.93.
The author states in his preface that “this book was written
for those who already know how to program, but who wish to
increase their programming proficiency”. I must disagree with his
statement. This is a book which should be read by all persons
aspiring to become programmers. Its contents embody a great deal
of common sense and good practice worthy of study by all students
of computing science as well as those practitioners sufficiently
humble to admit that their technique can always stand some
polishing.
The book is divided into six sections, one for each of the
components of its title plus a miscellany of 101 (literally!)
problems. Examples throughout the book are illustrated by samples
of code in FORTRAN, ALGOL, PL/1 and COBOL and each section
ends with a chapter review, problems, programs, projects and
references.
Program style covers the elements of program readability data and procedure names, comments, format and indentation, use
of parentheses.
Program design deals with the structuring of program
modules, program simplicity, use of library units, documentation
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and team organisation.
Program efficiency is considered in terms of minimising
execution time and storage requirements and the optimisation
which can be effected by the programmer at coding time as well as
by the compiler.
Program debugging gives a checklist of the types of errors
likely to beset a programmer and the means by which the wary
programmer may avoid them. It makes reference to defensive
programming practices and the approach to on-line debugging
strategy.
Program testing is contrasted to debugging and discusses
testing practices from the design of lest data to system testing and
automatic aids.
The 101 programming problems cover a wide variety of
topics including numerical manipulation, games, sorting, crypto
graphy, statistics, business applications and calenders (sic).
This book would be a worthwhile acquisition for all students
of programming and for practising programmers and dp
organisations who do not currently have in their libraries a number
of separate volumes covering the range of topics dealt with by the
author in this single reference.
P. ) U LIF F
Hospitals Computer Service
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A Survey of Scientific
Data Systems in Australia
Australian Academy of Science and CSIRO
INTRODUCTION
Some years ago the International Council of Scien
tific Unions (ICSU) established the Committee on Data for
Science and Technology (CODATA). This Committee is
responsible, on an international basis, for improving the
quality, reliability and availability of scientific and
technical data. The Australian Academy of Science has
appointed a National Committee for CODATA* with
similar objectives in Australia. The Committee has been
aware that only limited use has been made in Australia of
the international computer-based scientific data systems. In
an attempt to determine'the awareness of these systems and
their level of use, and the current and future needs of
Australian scientists and technologists, the National
CODATA Committee, in collaboration with the Central
Information, Library and Editorial Section of CSIRO,
distributed a questionnaire with a covering descriptive
leaflet to some 1100 research laboratories during
September and October 1977. From the information
obtained the Committee hopes to make recommendations
concerning the future funding and operation of numerical
data information services.
THE SURVEY
Of the original mailing list, less than 10% of infor
mative responses were received. The level of response was
uneven and some caution has been needed in drawing
conclusions.
One question sought to determine the titles of com
puterized data systems either being used or known to exist
in the respondent’s field of interest. Of some 60 such
systems only four (viz. Mass Spectra, Cambridge
Crystallographic Data, X-ray Powder Diffraction Data and
CSIRO Thermodata) were mentioned by more than five
respondents, seven more were mentioned by only two
respondents, and the rest were known only to individuals.
Each of the top group is supported and maintained by a
major centre of expertise. Some are available for use inter
nationally to a limited extent; some may be capable of
modification in order to be made available in Australia.
Data are reportedly being gathered systematically in
various fields of interest. Some are already complete
systems with regular updating, in some cases the relevant
system is at an advanced stage of preparation, and many are
in the very early stages of consideration. The various data
sets are intended to be amenable to structure within an
appropriate data base system. A system in addition should
allow numerical calculations to be performed using the
structured data.
The survey also sought suggestions for computerbased numerical data which could be of importance to
Australian science. Some 70 data collections were
suggested.
*
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A summary of the responses under broad category
headings is given in Table 1.
PRESENT STATUS
The CSIRO THERMODATA system, which contains
metallurgical thermodynamic data sets and enables calcu
lations to be carried out on these data to simulate the
thermodynamic behaviour of chemical systems in equili
brium, has been available since late 1975.
Work is currently in hand to provide the major
features of th? Cambridge Crystallographic Data System on
the CSIRO computing system, where access is available on
the Australia-wide CSIRONET network. As of June 1978
both bibliographic and connectivity searches can be made
on data for crystal structures of some 20000 organic
compounds and complexes determined by X-ray or neutron
diffraction methods from 1935 to the present. The
programs for plotting the molecular geometry and
displaying the structure in plot form will be available
shortly.
Data tapes have been ordered for mass spectral data
(for some 30000 compounds) and X-ray powder diffraction
data (over 25,000 numerical patterns of crystalline
materials) and systems for interrogating and processing
these data are to be developed, again on the CSIRO
computing network.
Other data sets which the survey indicated as impor
tant to Australian scientists are to be investigated as the
opportunity arises.
Table 1. Summary of Scientific Data Systems
Category of
Respondent
CSIRO Federal State
Govt.
Govt.
Aspect
of Survey
Systems known
and under
preparation1
Sa)

(b) (see foot(c) note 2)
(d)
(e)
Suggested
systems1
a)

(b) (see foot(c) note 2)

d
(e)

19
10
6
1
1
1
10
5
3
—

1
1

24
?
21

18
8
2
8

—

—

Univer Indus
sities & try
Colleges

1

—

26
12
4
7
2
1

5
3
1
1

13
4
6
1
2
—

29
11
11
2
3
2

—

—

Total

10
6
—

2
1
1
10
3
3
1
—

3

97
38
12
39
4
4
67
26
24
5
6
6

1. These include multiple responses for the same data system.
2. (a) Properties of substances
jb) Environment/Ecology
Ic) Resources — Earth Sciences
(d) Medical
(e) Industrial
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CONCLUSIONS
The high number of ‘nil’ returns of the questionnaire
confirmed the assessment of the National CODATA
Committee that the level of awareness and use of inter
national numerical information services in Australia is low.
Many respondents appeared to be unfamiliar with the
concept of a computer-readable data base incorporating
‘critically selected and other quantiatively expressed values
of the properties of substances’.
There appear to be a significant number of specialised
numerical data bases in computer-readable form or in a
conventional form which might be amenable to computer
storage. The existence of these should be made known to
the Australian scientific and technical community. There is
a need to alert potential users of the existence of such
sources of data and where the interest is sufficient to
arrange suitable access, preferably through an Australia
wide network.
The National Committee for Codata has emphasised
the desirability of establishing and maintaining the more
frequently used data systems (or copies of them) in
Australia. While recognising the potential value of accessing
overseas data by means of high speed links such as the OTC
MIDAS system, they point to the dangers of being

completely dependent on a vulnerable system. They also
emphasised that the ‘development, operation and mainten
ance of data bases should always be closely associated with
appropriate groups of science experts who can be respon
sible for assessing and maintaining the quality of the data
provided and for the interpretation of such data to
enquirers who are not expert in the subject’. The results of
the survey and discussion by the Committee indicate that
there is a potential for the development of Australian
systems, particularly of biological and geographical data,
wih provision for access from other parts of the world.
Finally, they have suggested that policy guidelines
should be established for the funding, development and
maintenance of numerical data information services for
Australian scientists and technologists.
For further information contact Dr G.K. White, FAA,
Chairman of the National Committee for CODATA and
Scientific Information, Australian Academy of Science,
PO Box 783, Canberra City, ACT 2601, or Mr C. Garrow
and Dr J.J. Russell, Central Information Service, CSIRO,
314 Albert Street, East Melbourne, Vic.
The National Committee will welcome further infor
mation about the use of, and need for, numerical data bases
in Australia.

Letter to the Editor
The Editor,
Australian Computer Journal.
Dear Sir,
The letter from A. Borbiro (Journal, November ’78)
raises several issues worth discussion.
His theme is that, given a decision table based langu
age such as FILETAB, why should anyone concern them
selves with improving COBOL? Compared with FILETAB,
he claims COBOL is verbose, cumbersome, slow to com
pile, and not particularly intelligible. He cites two recent
papers in the Journal, “Effective Structuring of COBOL
Programs” by Peter Juliff (May ’78) and one of which I
was co-author, describing the COPE decision table trans
lator (May ’77).
There are many things Borbiro says with which I
can heartily agree; there are others with which I cannot.
Yes, the combination of a report generator and a
decision table processor is a powerful one. It really does
reduce the effort needed to write programs.
But this is not so important as reducing the 70 per
cent of programmer time currently spent on program
maintenance. Surely maintenance is the area where
decision tables have most to offer.
The maintenance programmer has different inform
ation needs from the program writer. The program writer
is concerned with synthesis from the top. The maintenance
programmer is more usually concerned with analysis
from the bottom; just why or when does the program
execute this particular set of instructions? I explained why
decision tables are easier to debug and maintain in my
talk at ACS8. (Printed in the Proceedings).
Another way of reducing maintenance is to elimin
ate bugs at their source. That is the main motivation for
structured programming; the ease with which we can
prove desired properties of the program are true. There is
The Australian Computer Journal, Voi. 11, No. 2, May 1979

no incompatibility between decision tables and structured
programming. Decision tables are merely elaborate case
statements.
I would like to illustrate what I mean by reference
to part of Peter Juliff’s Figure 4 (ignoring that it could
be replaced by a SEARCH statement).
Here is Juliff’s structured code:
90-TABLE-SEARCH SECTION.
90.
MOVE FALSE TO SUCCESS-FLAG.
PERFORM 95-LOOK-UP
VARYING TABLE-INDEX FROM 1 BY 1
UNTIL TABLE-INDEX > TABLE-SIZE
OR SUCCESS-FLAG = TRUE.
95-LOOKUP SECTION.
95.
IF NUMBER-TO-FIND = TABLE-ITEM (TABLE-INDEX)
MOVE TRUE TO SUCCESS-FLAG.
From the context of the example it is clear that we
should like to make the following assertion: — “After exit
from 90-TABLE-SEARCH, if SUCCESS-FLAG = TRUE
then TABLE-ITEM (TABLE-INDEX) = NUMBER-TOFIND”.
Here is the COPE table for this example:
90-TABLE-SEARCH SECTION.
90. NOTE TABLE.
1 222
GROUP.
-NNY
IS TABLE-INDEX >TABLE-SIZE.
-NYIS NUMBER-TO-FIND =
TABLE-ITEM (TABLE-INDEX).
-- 1 2
MOVE . .TO SUCCESS-FLAG.
TRUE, FALSE.
1 2-.. 1 TO TABLE-INDEX. MOVE, ADD.
2 2-NEXT.
Since I understand the notation, I can easily make
these deductions.
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1.
2.
3.

The routine can only exit when rule 3 or 4 applies.
If rule 3 applies the assertion will certainly be true.
If rule 4 applies then SUCCESS-FLAG will not equal
TRUE.
It is much harder to prove the assertion for Juliff’s
program, because it is not true. (TABLE-INDEX) will be
1 greater than desired.
So Borbiro and I agree that decision tables are a good
idea. But I disagree with his criticism of COBOL. COBOL
has a report writer, and when supplemented by COPE,
it has decision tables. It is then comparable in capabilities
to FILETAB.
To test COBOL’s “verbosity” I recoded Borbiro’s
Examples 2 and 3 in COPE/COBOL. COPE needed five
percent more characters to be written, which are accounted
for by full stops. I could detect no great difference in
intelligibility.
COPE/COBOL undoubtedly takes longer to com
pile than FILETAB. But how fast will the object pro
grams execute? COPE generates optimised in-line code,
whereas FILETAB is an interpreter, so I suspect FILETAB
would prove slower.
COBOL has two tremendous advantages. It can be
used on a lot of computers; and a lot of people know how
to use it.
COBOL is standardised and widely supported by
computer manufacturers. The COBOL user can be assured
that his compiler will be kept in step with changes to his
operating system. When the time comes to replace

machine X with machine Y, he will be able to transfer his
source programs successfully.
These are not criticisms of FILETAB, and if FILETAB one day gains the wide support given to COBOL, I
will be happy to use it.
Meanwhile, it is legitimate to improve COBOL. A
preprocessor written in COBOL in no way reduces the
portability of its user’s source programs. Nor does it in
crease his dependence on outside software suppliers.
COPE, for example, is no more difficult for a user to
transfer to a new machine than any other program which
reads and writes card images.
To an existing COBOL user, COPE has a big ad
vantage over FILETAB. There is much less for him to
learn. COPE’s conditions and actions are COBOL con
structs that he already knows. The tables themselves are
readily understood as descriptions of flowcharts.
I think that decision tables now are in much the
same position as structured programming was 10 years
ago. They have passed the teething stage. We have trans
lators which really work. We understand what decision
tables can and cannot do well. It now remains for those
of us who have enthusiasm for decision tables, to com
municate our enthusiasm to the great unwashed.
Yours faithfully,
Barry Dwyer,
Lecturer,
School of Mathematics and Computer Studies
SAIT

Book Reviews
Philip Kraft (Department of Sociology, SUNY at Binghamton),
Programmers and Managers - The Routinization of Com
puter Programming in the United States, Springer-Verlag,
Heidelberg, Science Library Series 1977, pp. 118 paper.
$ A9.
A sociologist’s view of the world of the computer pro
grammer is necessarily different from that of the inhabitant. It
would be easy therefore to slam Kraft’s work for its glaring errors
of fact and impression and for its poor bibliographic work on
structured programming (there is an annoying reference to work
by Gries in the introduction which is not documented), partic
ularly his failure to consider the work of Yourdon (1975) and
Yourdon and Constantine (1975).
One could also criticise the work because the author attempts
to use the same paradigm to justify all aspects of the programmer’s
relationships in his work-place. (My last criticism is that he writes
too much about engineers’ education, and doesn’t understand the
ACM’s name is an historical accident).
However, these errors are to be expected by a layman in a
new field, and are mere annoyances. They do not detract from
the thesis itself, which contains some valuable and rather fright
ening insights into our work environment.
De-skilling as a Management Tactic
Kraft’s thesis is that the work relationships encountered
by the programmer are determined entirely by management’s
desire to lower the level of skill associated with programming, so
that the activity can be controlled, like other “clerical” or in
dustrial production.
It is argued that the widely touted technique of structured
programming is used by management to achieve this end, rather
than as a means of freeing the programmer from one level of
complexity so that he can focus on another, as intended by its
originators. Another aspect of the “de-skilling” is the tendency
to displace older, experienced technical specialists in favor of
newly trained recruits who (it is hoped) can do the same job for
less money.
Kraft claims that the now popular open office plan is
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another symptom of this de-skilling process, and of management’s
fear of these specialists. He argues that “structural programming”,
in the mind of the manager, re-organized not only the formal
relations of the work-place but the content of the work itself.
An hierarchy of authority could now be established by arranging
various job fragments in a rank-order of the task as a whole. Man
agers defined EDP problems and gave them to high-level analysts
or similar specialists...” (p. 58-59).
He examines the Chief Programmer team, described by
Baker (1972) as like a surgical team, and claims that this organ
isational form is popular among managers because of its status
oriented structure (p. 60), but he clearly misses the need for such
a structure in many projects.
One would expect that he would argue likewise about topdown design and testing, approaches dear to management’s heart,
perhaps because of their emphasis on the importance of higher
levels — but these topics were not dealt with.
The Programmer’s Work Place
Some 30 pages in two chapters are devoted to this topic.
Kraft details the,efforts of management to enforce the de
skilling process, and to generally control programmers. His analysis
of the professionalism argument (pp. 94-96) is important.
“Professionalism”, Kraft argues, is presented to bind the
programmer to his de-skilling employer. There is no interest in the
entrepreneurial professionalism of doctors and lawyers. This
threatens the employers’ control over actions, wages and ethics.
Rather, the employee becomes professional by accepting
management’s dictates, not publicising his salary, believing in the
special relationship between himself and his manager (and shield
ing the manager from the manager’s mistakes — K.R.), and by not
unionising.
Elsewhere, however, Kraft points out that this de-skilling
process leads to a loss of identity and conscientiousness (p. 75).
Salary manipulations are described with chilling accuracy.
However, Kraft fails to understand the significance of “egolessness” in programming, and the traditions in this direction. The
natural tendency of programmers to share experience is con
sidered remarkable (p. 71).
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The role of structured programming in the de-skilling pro
cess is central to Kraft’s argument. He points to the “travelling
roadshows” of so-called experts whose prime function is to help
management overcome resistance to this technique, resistance
stemming he argues, from the recognition of its de-skilling po
tential {p. 85).
Kraft, as already remarked, does not appear to be aware of
the literature on structured programming, and hence is not aware
of the historical evolution of the views of major authors (com
pare Yourdon [1975] and Constantine and Yourdon with Wirth
[1974], See also Knuth [1974]). An interesting series of letters
on this subject appeared in the ACM Forum during the period
1974-76 (see Charmonman and Wagner [1974], Donaldson [1975],
Wygart [1975], Reed [1975], Somoliar [1974], Gries [1974],
Metz [1975], Gries [1976], Gilb [1975]). He also seems to be
completely unaware of the potential role of programming lan
guages as a “de-skilling” agent (or as an aid to productivity).
Conclusion
Several comments are in order in conclusion.
1.
"Guild" Professionalism and Contract Programming
The Australian and British computer industries are making
more and more use of contract programmers. Kraft does not
appear to be aware of this trend or its extent in the USA.
It is an interesting exception to Kraft’s thesis on profess
ionalism and in fact provides the basis for the entrepreneurial
professionalism described (p. 94), which may not be far away.
The reasons for management’s acceptance of this may be a grow
ing recognition that conventional “de-skilling” does not always
work.
2.

Programming Techniques
“Tool-less” techniques such as structured programming
become an attribute of the programmer. Little effort is required
by management other than that needed to point the way. The
programmer does the rest, and is clearly labelled “good” or “bad”
accordingly.
More sophisticated productivity aids such as language pre
processors, system development systems, improved languages (see
Harvill and Nylin [1976] for an example of language develop
ment) require short-term investment and actually increase dependance on high level skills — in the developers.
Such advances in technology are not popular with man
agement.
This may explain why there is so little real support for the
modest amount of R & D needed to develop some of these tools,
and why the “travelling road shows” at $100 per day are more
popular than useful seminars at $60.
3.

The Cost of De-skilling?
“De-skilling" has a cost, a fact ignored by Kraft who does
not question that experience is unimportant in this age of structured
programming.
The process he describes turns every EDP project into an
experiment — the continuity of experience necessary for the
development of skill is broken (Reed 1977).
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J.M. Brady, The Theory of Computer Science - A Programming
Approach, Chapman and Hall, 1977 (paperback). ISBN
0-470-99103-8. $10.80 (soft cover); $19.20 (hard cover).
Tertiary computing courses in general and university courses
in particular are receiving a lot of criticism for their supposed pre
occupation with theoretical concepts and their lack of relevance to
the 'real world’ of practical computing. This is not the place for a
comprehensive discussion of the validity of such criticism; what is
relevant, however, is the role of theory in the curriculum.
Both universities and institutes have a responsibility to look
to the future, and educate their students for the next 30 years, not
just the next five. Even with the acceptance of ‘continuing educ
ation', and the notion that everyone will continue an incremental
learning process through his working life, tertiary institutes must
at least lay the groundwork for future study, both through the
topics taught and the habits and attitudes inculcated. (A narrow
education, solely for the present, is a confidence trick played on
both students and their future employers). In addition to this com
plex exercise in prophecy, universities have the task of developing
theories and carrying out research which derives from the dis
cipline itself, with no restrictions imposed by considerations of
immediate utility. This sort of activity may be justified on a
number of grounds, including,
1.
theoretical results set absolute limits, which thereby act as
goals for practical tasks (“we ought to be able to devise
a faster sorting algorithm”) or prevent the expenditure of
unnecessary effort (“there’s no point in trying to write a
program which can check whether any program will halt”);
2.
theoretical results also suggest possible methods and types
of methods;
3.
the establishment of theorems affords significant intel
lectual challenge and satisfaction (which is surely not an
impracticable luxury in these days of material prosperity
and high unemployment!);
4.
theoretical results, obtained with no eye to utility, have
very frequently proved subsequently to be just what was
required in some practical application.
For an emerging subject like computer science, there is the
additional point that a solid basis of theory is needed to define
the discipline, so that it becomes recognizable and acceptable as a
valid tertiary discipline. Principally in order to meet this need, there
have been many attempts over the years to define the subject of
computer science, and to clarify its nature and philosophy (see
[1 ], [2], [3], [4], [5] ). It is noticeable, however, that this con
cern to define the philosophy of computer science has decreased,
as the concept of software engineering and related concepts have
gradually come to the fore. Hosch defines computer science as
“the study of algorithms”, including their formulation, execution,
analysis and application. He then claims that the function of the
department of computer science (at undergraduate level) is to train
competent programmers; he then goes on to show the ramific
ations and implications of the word "competent”. Thus, the in
creasing scrutiny of the programming process, and the establish
ment of a firm foundation of theory, together with a sound
understanding of its practical implications have given computer
science a recognizable character, validity and respectability. Un
fortunately, much of the theory of computer science that has
been developed has been effectively advanced mathematics, or
advanced linguistics or advanced electronics — hardly a satisfactory
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state of affairs, as it means that the theory of his subject is out of
reach of any computer scientist who is not also an advanced ex
ponent in these other areas.
This book by Brady is a very good attempt to bridge the
gap. Taking programming and programming intuition as the lingua
franca of the computing profession, he develops the concepts of
Turing machines, recursive functions, and the lambda calculus,
making use of an absolute minimum of mathematical concepts
(such as sets and functions, which are covered in a brief appendix).
The book introduces the concept of meta computer science,
which is concerned with analysing the theory of computer science,
defining concepts used and discovering its limitations. Typically,
the subject of the meta theory are negative, defining and limiting
the subject matter of the theory. Constructs developed for the
meta theory include Turing machines and general recursive funct
ions, which are very inconvenient to use. A theory of computer
science is then developed, covering McCarthy’s formalism and its
use in semantics and proof checking, the ongoing work on the proof
of program correctness, and operational and mathematical seman
tics.
To quote from the author’s own "overview”:
“We base our presentation on the idea that computing
practice centres on one or more aspects of the phenomenon of
programs being developed in order effectively to solve some prev
iously given problem on a computer. Programs are representations
of algorithms in programming languages and transform data
structures. This characteriration of computing practice hopefully
suggests to the reader that the 'theory' of computer science is
in fact the whole of computer science. What has come to be called
the ‘theory’ of computer science relates to studies of abstract
mathematical models of computing phenomena. Not surprisingly,
most such studies are the work of people in the mathematical/
logic camp of computing science referred to above. We discuss
problems, programming languages, data structures, program
correctness, termination and equivalence, complexity of algorithms,
and computers in turn, with reference to our characterization of
computing practice.”
I should strongly recommend this book to any programming
practitioner who would like to understand some of the theory of
his subject but has heretofore been deterred by the abstractness
of the approaches available. It will also be useful as a student text
for a course which aims to make the theory of computer science
available to a wide range of computer science students, and not
merely that subset which comprises the advanced mathematicians.
The book is marred by a large number of typographical
errors, but I have not found any errors of great moment.
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“Databases: Improving Usability and Responsiveness”. Edited by
Ben Schneiderman. Academic Press, 1978. pp. 431. Price
IA29.40.
This is a collection of papers presented at the International
Conference on the Usability and Responsiveness of Data Bases held
in Israel, August 2-3, 1978 and published through the Academic
Press Rapid Manuscript Reproduction service. The papers are
divided into five sections: Query Languages; Simplifying Design
and Implementation; Data Quality, Integrity and Security; Im
proving Performance; Distributed systems.
Before discussing the contents of the papers I found most
interesting may I first remark upon the severe difficulty experi
enced by Australian researchers in the Data Base (and probably all
of the computer science) arena. A significant number of works
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referred to in these and other conference papers are either company
reports or Postgraduate Theses which can only be obtained quickly
in this country if (a) they are known about, and (b) money is avail
able for their purchase and postage by air. Much useful work done
in Australia commenced with the background of the most recent
issues of the standard overseas journals and completed within the
time span of a postgraduate research program — which may be
from one to four years — turns out to be predated by two or three
years by the time the work is ready for publication. Needless to
say the solution to the problem lies in more funds for research:
for attendance at overseas conferences, for purchase of theses, for
reducing teaching loads so that research and development can
proceed at a reasonable rate, for regularly corresponding with
overseas research institutes, and so on.
So a book of papers such as this provides, if no other useful
information, a list of relevant and fairly up-to-date references which
can act as a starting point for further investigatory work and as
such is very useful.
Turning to the content of the volume, I found the papers
on Query Languages most interesting with contributions by E.F.
Codd: “How About Recently (English Dialog with Relational
Databases using Rendezvous Version I)”; M.M. Zloof: “Design
Aspects of the Query-by-Example Database Management Lan
guage”; N.D. Anderson and W.A. Burkhand: "Minisequel — Rel
ational Data Management System”; D. Greenblalt and J. Waxman:
“A Study of Three Data Base Query Languages”; and T.H. Merrett:
“The Extended Relational Algebra, a Basis for Query Languages”.
Of these the paper by Codd indicates the direction casual user
languages must be heading whilst that by Greenblalt et al gives
evidence that of the ad hoc enquiry languages so far developed for
manipulating Relational Data Bases, “Query-by-Example” is the
easiest to learn and use.
Rather than give details of the other 12 papers may I
simply observe two things:
1.
I enjoyed most of them, and
2.
if Academic Press wish to make a success of this Rapid
Manuscript Reproduction series they would do well to
(a)
edit out the significant number of typographical
errors (i.e., actually read the papers carefully), and
(b)
revamp the language in those papers where English
is not the native tongue.
This latter would greatly improve the comprehensibility of
papers in this field where precision of thought and expression are
of paramount importance.
Despite these criticisms I found this an excellent collection
of papers which should be read by all researchers and developers
in the Data Base Management field and by practitioners who want
to claim that they are completely up to date.
A.Y. MONTGOMERY,
Dept. Computer Science,
Monash University
Arnold O. Allen, "Probability, Statistics and Queueing Theory
with Computer Science Applications", Academic Press,
1978, 390 pp. $A41.30.
In the preface to the book, the author writes:
“The genesis of this book is my experience in teaching the
use of statistics and queueing theory for the design and
analysis of data communication systems at the Los Angeles
IBM Systems Science Institute. After 18 hours of instruct
ion, spread over a three-week period, with emphasis on how
to apply the theory to computer science problems, students
with good mathematical training were able to use statistics
and queueing theory effectively in a case study for a data
communication system. Even students whose mathematical
education consisted of high school algebra were able to
appreciate how these disciplines were applied. The results
were due to the fact that the applications of the theory
were demonstrated by straightforward examples that could
easily be understood and which illustrated important con
cepts.
This book contains a great deal more material than could
be presented to students at the IBM Systems Science In
stitute. The book is designed as a junior-senior level text
book on applied probability and statistics with computer
science applications. It may also be used as a self-study
book for the practising computer science (data processing)
professional. The assumed mathematical level of the reader
is the traditional one year of analytical geometry and cal
culus. However, readers with only a college algebra backThe Australian Computer journal, Vol. 11, No. 2, May 1979
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ground should be able to follow much of the development
and most of the practical examples; such readers should
skip over most of the proofs.
I have attempted to state each theorem carefully and ex
plicitly so the student will know exactly when the theorem
applies. I have omitted many of the proofs. With a few
exceptions, I have given the proof of a theorem only when
the following conditions apply:
(a)
the proof is straightforward,
(b)
reading through the proof will improve the student’s
understanding, and
(c)
the proof is not long.
The emphasis in this book is on how the theorems and
theory can be used to solve practical computer science
problems.
... in planning this book, I first decided what my overall
objectives were. I then decided what selections from prob
ability and statistics were necessary to achieve these goals.
For each of these selections, in turn, I decided what sub
objectives and what examples were needed to achieve the
objectives assigned to that part of the book ...”
In my opinion, the author has achieved his objectives ad
mirably and has produced a very good text book.
The book consists of the following eight chapters. Prob
ability and random variables, probability distributions, stochastic
processes, queueing theory, queueing theory models of computer
systems, estimation, and hypothesis testing. The book includes
numerous worked examples and a large number of student exercises
at the end of each chapter. Also included are statistical tables,
APL programs for evaluating the various formulae in the book and
a very useful summary of queueing theory definitions and formulae
at the end.
In brief, it is an excellent self-contained text book covering
the relevant topics from probability, queueing theory, and statistics
for computer science students and professionals.
Dr. G.K. Gupta,
Dept, of Computer Science,
Monash University
Richard A. DeMillo, David P. Dobkin, Anita K. Jones, Richard J.
Lupton, Foundations of Secure Computation, Academic
Press, 1978, x+ 404 pp. JA27.00 ISBN 0-12-210350-5.
This book presents the papers and subsequent discussions
from a three day seminar which took place in Atlanta, Georgia in
October 1977. There are 19 papers grouped under four sections:
1.
Data Base Security
2.
Encryption as a Security Mechanism
3.
Design-Oriented Models of Operating System Security
4.
Theoretical Models of Operating Systems Security.
As can be guessed from these headings, this is not a book

for every programmer’s or system designer’s bookshelf. It should
find its way into libraries with a computing specialisation. To
quote from the editors:
“We anticipated that a considerable body of new technical
results would issue from our meeting. We were pleasantly
surprised to find ample survey material scattered among
the research papers. Therefore, in addition to being a timely
collection of research contributions, we offer the current
collection as a book suitable for collateral readings in a
seminar or an advanced course in computer security”.
This, therefore, is not a book suitable for someone con
sidering security ramifications for a typical applications system. A
book which deals with the current state of the art in a more com
prehensive, and a far less mathematical, manner would be more
appropriate. Rather, this book would be of interest to people
taking an “academic” approach to security theory and research in
data bases and operating systems.
C.J. Busheii,
Acting Head of Computer Studies,
5./). Institute of Technology
Wang, Peter C.C. (Ed.) Graphical Representation of Multivariate
Data. Academic Press, Inc., New York, 1978. ix + 278 pp.
Price $A21.00
This book contains the proceedings of a symposium on
graphical representation of multivariate data held at the Naval
Postgraduate School in Monterey, California in February, 1978. It
consists of 11 papers, most of which present applications of the
use of graphical multivariate techniques in the fields of regional
planning, social sciences, economics, international relations and
clinical research. Several papers use data to compare a number of
such techniques.
Essentially the book is about Chernoff faces as eight of the
11 papers deal directly with the use of them. This method provides
a representation of each p-dimensional observation by a cartoon
of a face whose features, such as curvature of the chin, shape of
the nose, etc., are determined by the values taken by particular
variables. The idea is that people are more used to studying and
reacting to faces than other types of graphs. Because of the em
phasis on Chernoff faces little space is devoted to other forms of
graphical representation. They appear in a comparative role only.
No mention is made of the wide range of available ordination
techniques which allow simple graphical display after dimension
reduction. Nor is there any paper concerned with techniques for
displaying similarity and distance matrices. One paper concen
trates on computing aspects of interactive graphical methods for
data analysis — a topic which is assuming more importance in
data analysis.
For the multivariate analyst wishing to identify 'outliners'
or ‘clusters’ of points without recourse to numerical techniques,
the book is certainly worth reading.
r.b. Cunningham,
CSIRO Division of Mathematics and Statistics, Canberra

Forthcoming National and International Events
DATE

EVENT

LOCALE

SOURCE

1979
May 28J une 1

Pascal Language Workshop

University of Tasmania

ACS

May 30J une 1

1979 ACM SIGMOD International Conference of Management of Data

Boston, Mass., USA

ACM

May 30J une 1

APL 79

Rochester, New York, USA

ACM

JUNE
4-7

National Computer Conference

New York City, USA

ACM

4-8

2nd IFIP Conference on “Fluman Choice and Computers”

Vienna, Austria

IFIP

5-7

Personal Computing Festival

New York City, USA

AFIPS

10-16

2nd IFAC/IFIP Symposium on “Software for Computer Control — SOCOCO”

Prague, Czechoslovakia

IFIP

11-13

Working Conference on “The Information Systems Environment”

Bonn, FRG

IFIP

11-13

International Conference on “Teleinformatics 79”

Paris, France

IFIP

11-13

SIAM 1979 National Meeting

Toronto, Canada

ACM
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Forthcoming Events
19-21

IFIP/IFAC Workshop, "Real-Time Programming”

Prague, Czechoslovakia

IFIP

20-22

Ninth Annual International Symposium on Fault Tolerant Computing

Madison, Wisconsin, USA

ACM

25-27

16th Design Automation Conference

San Diego, California, USA

ACM

25-27

National Educational Computing Conference

Iowa, USA

ACM

25-28

1979 Canadian Information Processing Society Conference

Quebec City, Quebec, Canada CIPS

26-28

EUROSAM 79, Symposium on Symbolic and Algebraic Manipulation

Marseilles, France

ACM

28-30

First International Symposium on Policy Analysis and Information Systems

North Carolina, USA

ACM

July 1Sept 28

Computer Based information System Analysis and Design

Ahmedebad, India

ACS

JULY
2-6

VIII IFAC Symposium on Automatic Control In Space

Oxford, UK

ACM

16-18

1979 Summer Computer Simulation Conference

Toronto, Canada

ACM

16-20

Sixth International Colloquium on Automata, Languages and Programming

Graz, Austria

ACM

AUGUST
6-10

ACM SIGPLAN Symposium on Compiler Construction

Boulder, Colorado, USA

ACM

6-10

SIGGRAPH 79, Sixth Annual Conference on Computer Graphics and Interactive Techniques Chicago, Illinois, USA

ACM

20-22

Fourth International Conference on Computers and the Humanities

Hanover, New Haven, USA

ACM

20-24

Sixth International Joint Conference on Artificial Intelligence

Tokyo, Japan

ACM

23-24

Data Bases in the Humanities & Social Sciences

Hanover, New Haven, USA

ACM

27-31

Tenth International Symposium on Mathematical Programming

Montreal, Canada

ACM

SEPTEMBER
4-9
9th IFIP Conference on Optimisation Techniques

Warsaw, Poland

ACM

10-11

Symposium on Language Design & Programming Methodology

Uni NSW, Sydney

ACS

10-14

9th International Cybernetics Congress of the International Association for Cybernetics

Namur, Belgium

IFIP

17-19

4th International Conference on Software Engineering

Munich, FRG

ACM

20-26

3rd World Telecommunications Exhibition

Geneva, Switzerland

ACM

24-28

5th I FAC Symposium on Identification and System Parameter Estimation

Darmstadt, FRG

ACM

25-28

EURO-IFIP 79. IFIP European Conference on “Applied Information Technology”

London, UK

IFIP

OCTOBER
3-5

Fifth International Conference on Very Large Data Bases

Rio De Janeiro, Brazil

ACM

14-26

First International Micro and Mini Computer Conference

Houston, Texas, USA

ACM

27-29

SIGCOMM Sixth Data Communications Symposium

Monterey, California USA

ACM

29-31

ACM '79

Michigan, USA

ACM

DECEMBER
3-5
1979 Winter Simulation Conference

San Diego, USA

ACM

10-12

7th Symposium on Operating System Principles

California, USA

ACM

1980
March 31 April 2

CAD-80-4th International Conference on Computers in Engineerings Building Design

Brighton, UK

ACM

Sept 29Oct 3

MEDINFO 80

Tokyo, Japan

IFIP

OCTOBER
6-9

8th World Computer Congress

Tokyo, Japan

IFIP

13

Computing in Developing Nations

Melbourne

ACS

14-17

8th World Computer Congress

Melbourne, Vic, Australia

IFIP

20-23

International Conference on Computer Aided Design

Melbourne, Vic, Australia

ACS

80
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