VOLUME ELEVEN, NUMBER ONE, FEBRUARY 1979

__

PRICE $5.00

-

THE

AUSTRALIAN
COMPUTER
JOURNAL

PUBLISHED FOR THE AUSTRALIAN COMPUTER SOCIETY INCORPORATED
Registered for posting as a publication — Category B

The VAX-11/780, Digital’s first 32-bit computer system, which combines the full power and performance
of conventional large mainframes with the interactive strength, flexibility and low cost of a minicomputer.
It features a new virtual memory operating system providing multi-users a direct addressing capability of
over four billion bytes.

IT’S HAPPENED!

rtauis Efbfs from Uta
CScTipLlar IDcrld
"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.

MONASH UNIVERISTY TO INSTALL
THREE DIGITAL SYSTEMS
Monash University has placed an order for three
VAX-11/780 systems, the first of which will be installed in
the Faculty of Economics. The remaining two will be
installed in the Computer Centre before the end of the
year.
Two of the VAX systems are configured with a
million bytes of memory, floating point hardware, dual 67
megabyte disk drives and access to 32 terminals initially.
They will be used to provide interactive computing facilities
for undergraduates throughout the campus, particularly in
economics, computer science and mathematics.
The third and smaller system will be used for research
and development in the Computer Centre, initially to
provide a means of interconnecting the various computers
on campus.
The three VAX systems will augment Monash’s
current computing facilities, filling a gap between a number
of PDP-11 systems running the locally developed MONECS
software which services some 3,000 undergraduates under
taking interactive programming courses and a dual
processor Burroughs B6700 which caters for the
University’s
administration
and
other
computing
requirements.
Monash has also purchased a PDP-11 node into
CSIRONET in Canberra.

DATA GENERAL ANNOUNCES NOVA 4
Data General Australia Pty Ltd has announced the
introduction of a new more powerful line of Nova
computers, the Nova 4 series.
The new models are the Nova 4/X, which can store
up to 256,000 characters of information in its main
memory, the Nova 4/C and the 4/S which can each hold up
to 64,000 characters.
Compatible with all Nova systems, Nova 4 models can
be used with a variety of computer languages, including
Fortran and Business Basic.
Nova computers are general purpose systems designed
to be used in a wide variety of industrial and scientific
applications. They can handle all normal business data
processing needs as well as the computations needed for
such functions as manufacturing process control and
laboratory research.
The new family features up to 50% faster speed than
the NOVA 3, improved reliability/maintainability, and
greater economy than ever before available in the Nova line.
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In the May issue of the Australian Computer Journal
Cemac Interiors ran an advertisement of a successful
computer flooring installation in Canberra for the TAB.
The August issue of the Journal reported that this ad had
resulted in an important installation order from Capitol
Motors, Sydney.
The last line of the news item questioned how long it
would be before an ad featuring Capitol Motors appeared in
the Journal.
It has now happened in the February 1979 edition.
The job involved setting up a computer centre
virtually in a cocoon within a very large automobile spare
parts warehouse. Cemac accomplished this by utilising their
ceilings, partitions, access flooring and anti-static carpet.
Along with these Cemac products they supervised the
installation of fire protection, air conditioning and
electrical distribution to the clients satisfaction.
How long now before your company is featured in
the ACS Journal in a Cemac Interiors Advertisement?

NEW IBM 4300 PROCESSORS FEATURE
IMPROVED PERFORMANCE SYSTEM/370
COMPATIBILITY
IBM 4331 and 4341 processors announced feature
advanced large scale integrated technology to provide first
time and experienced systems users with significantly
improved price/performance.
Both processors are compatible with System/370 and
offer large processor storage, fast internal operating speeds
and reduced power and cooling requirements.
The 4341, at a lower purchase price than for a
System/370 Model 138 processor, for example, is capable
of an instruction execution rate up to 3.2 times faster. The
4331 is capable of up to four times the instruction
execution rate of a System/370 Model 115, also at a lower
purchase price.
Each processor is available in two models. The 4331
with 500,000 and one million characters of processor
storage, the 4341 in two-million and four-million character
versions.
Both processors use the IBM 3278 model 2A display
console, with a 1,920-character display and keyboard, for
operation and maintenance functions. Up to three addition
al consoles and/or 3287 printers (for a total of four devices)
can be attached to the 4341.

FERRANTI TO SET UP NEW
COMPANY IN AUSTRALIA
Ferranti Limited announces its intention to form a
subsidiary company in Australia — Ferranti Computer
Systems (Australia) Pty Limited based in Sydney.
The new company will concentrate initially on real
time computer applications in the military and civil fields.
During recent years Ferranti has successfully com
pleted a number of large projects in Australia, such as
training simulators for the Royal Australian Navy, message
switching systems for the Department of Transport and a
traffic control system for an Australian motorway.
The company considered a number of possible
locations for its future base in Australia but after consul
tation with the government of New South Wales chose
Sydney as the most suitable area.
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At the new computer centre of
Capitol Motors Limited, in the
Sydney suburb of Lidcombe, two
General Automation 16/440s have
been installed, with a capacity of
256K bytes with on-line entry.
V.D.U.s are located throughout
almost 14,000 sq metres of
warehouse, despatch and office
area for the monitoring of over
50,000 spare parts.
Cemac Interiors was selected to
supply access floors, demountable
partitions, ceilings, doors and
anti-static carpet for the project.
Cemac was also responsible for
the installation of smoke detection
devices, Halon 1301 fire protection
equipment and a Liebert

air-conditioning system.
Cemac Interiors had single source
responsibility for the whole project.
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 and vinyl asbestos — as well

as anti-static carpet.
Cemac also offers a patented
'Levelock' base which ensures a
perfectly level floor on a
sloping slab. So, whether you
require access flooring or complete
fitting out of office interiors with
floors, ceilings, partitions and task
lighting, contact Cemac Interiors.

Brochures and details from Cemac Interiors:

cemac

SYDNEY:.................6993122
MELBOURNE:........... 637811
BRISBANE:............. 2215099
CANBERRA:........... 823706

Licensees:
ADELAIDE:..............453656
HOBART:.................295444
PERTH:.................. 4447888

CEINl.
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TEXAS INSTRUMENTS MAKES Tl BASIC
AVAILABLE ON SERIES 700
Tl BASIC, a business-oriented, application program
ming language for Tl’s Series 700 Distributed Processing
Systems, was announced recently by Texas Instruments
Australia Limited. The addition of Tl BASIC broadens the
variety of functions served by the Series 700 DPS family to
include standalone small business and commercial appli
cations as well as remote data entry. Tl BASIC offers an
alternative to Tl’s TPL700 language for developing local
processing applications on the Tl Model 771 and Model
774 Intelligent Terminal Systems.
Tl BASIC meets proposed minimal ANSI standards
for BASIC, offering the standard English-like features of
the language plus extensions to enhance its use in business
applications, Interactive, video display-oriented, character
and line editing features are provided to simplify program
development, Tl said. Video screen and printed output
formatting capability allow for the development of
customised data entry screens and forms. Other features
include subprogram and subroutine capability for improved
program flexibility, multi-dimensional virtual arrays, an
extensive set of predefined functions, and useful debugging
commands. Tl BASIC programs may be executed inter
actively or stored as data files for later execution on the
single-station Model 771 and multi-station Model 774.

NO SPELLING MISTAKES WITH THIS
COMPUTER
A sophisticated American word processing and
business computer system that automatically corrects any
spelling mistakes is now available in Australia.
It features a unique 12,000 word dictionary disk
facility that can handle English or foreign languages —
and can be adapted to specialised legal, engineering or
medical use.
The inbuilt proof reading system checks all
commonly misspelt words, transpositions and difficult
technical terms with the dictionary, in the time it takes
for a draft copy of a document to be printed. All
corrections are made in red type so they can be quickly
distinguished. And the dictionary of the ACS 400 computer
can be expanded to 20,000 words, way above the average
vocabulary in normal or specialised applications.
This super secretarial system which makes human
error a thing of the past is fully imported from the United
States and has been developed during the past six months
for Australian requirements.
It is suitable for a wide range of small businesses,
debtors, creditors, general ledger, stock control, invoicing
and payroll work.
Other applications include hospitals, local govern
ment and government departments.
The simple command structure of the ACS 400
enables users to become proficient operators after only one
or two days training time.
The biggest simple advantages though of the ACS 400
is that it offers a composite system of advanced word
processing with all the facilities normally available only in
expensive, totally dedicated word processing systems.
It also has the facilities to be a general purpose
business computer with a powerful extended BASIC
language card'disc operating system.
Refinements include time proportional spacing, super
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scripts and sub scripts, single and double emphasising to
create letterpress type bold characters, right and left
justification, automatic alignment on decimal points and
facilities to organise mailing lists with individual addresses
and inserts to a standard letter.
The unit is compact, mounted in a specially designed
modular desk and has a large, easy to read screen. One
normal sized disc will hold between 300-400 pages of typed
information.
There is also a large range of type faces catering for
all kinds of documents.
The ACS 400 can be programmed to stop during the
printing of a document to allow the operator to change
type faces, while there is a choice of black or red print-outs.
Service will be carried out in all major capital cities
— Sydney, Melbourne, Brisbane, Adelaide and Perth — by
one of Australia’s best known and longest established
electronic companies, STC Australia.
Grant-Matich
&
Company
Pty
Ltd,
78-80
Bellingarra Road, Miranda, NSW are the sole Australian
importers.

NEW FAST THERMAL GRAPHICS PRINTER
CAN BE USED WITH MANY COMPUTERS
The fastest full-line (80 character) thermal graphics
printer presently available, featuring high-resolution
graphics and quiet, simple operation, was introduced
recently by the Hewlett-Packard Company.
The new printer, Hewlett-Packard Model 9876A,
prints at speeds up to 480 full lines per minute with high
resolution (77 dots per inch) characters upon high contrast,
fade resistant paper. It is a stand-alone version of the
proven, built-in printer of the popular HP System 45
Desktop Computer, and is expected to be the primary
external printer used with HP’s 9825 and new System 35
desktop units. Additionally, the 9876A was designed for
use with other computers in the Hewlett-Packard line, and
those manufactured by other companies. This flexibility is
made possible by two interfacing modes, 8-bit parallel and
IEEE-488-1975 (HP-IB).
Specific applications where the HP9876A would be
most effective include those requiring high-speed listings,
frequent working reports, quick plotting and graphics,
unattended usage, and low noise. Examples include
environments like laboratories and hospitals, where noise
can be a problem; business situations requiring rapid
production of hardcopy grahics; and, remote terminal
locations for data output and program development.

DIGITAL ELECTRONICS ANNOUNCES
NEW MICROCOMPUTER
A powerful new locally-produced microcomputer
system has been introduced to the Australian market by
Digital Electronics Pty Ltd, Sydney-based supplier of
computing, data acquisition and electronic training
equipment.
The company is marketing the system, known as the
DE/CD, to the OEM (Original Equipment Manufacturer)
and reseller sector of the computing market rather than to
end-users.
Orders for over 30 systems have already been taken.
The DE/CD is based on the Digital Equipment
Corporation LSI-11 microprocessor. It is one of the fastest
LSI-11 systems available, and is offered with Pertec
cartridge disk capacity ranging from five to 40 megabytes.
iii

SUCCESSFUL RELOCATION FOR CSA’s
COMPUNET SERVICE
Computer Sciences of Australia Pty Ltd has success
fully completed the relocation and upgrading of the
equipment through which its Compunet service is
provided.
The equipment was moved from its location in the
Sydney suburb of Artarmon and installed — along with
about $500,000 worth of new equipment — in the CSA
Centre in the nearby suburb of St Leonards.
The relocation and commissioning phase of the
project began on the afternoon of Friday, 26 January,
and the system was fully operational by 3pm on Monday,
29 January, a public holiday.
The service resumed full customer traffic at 7.30am
on Tuesday, although the first commercial job was run on
the system as early as 8pm on Saturday, only 27 hours after
the system was shut down for the move.
The Compunet service is now operating from the same
site as CSA’s Infonet service.
Mr P.J. Molony, Manager of the Network Services
Division of CSA, said the relocation would provide
customer advantages through centralised operations and
support, which would help improve the performance and
reliability of the system.
In its new location the Compunet system also would
enjoy better security, fire protection and air conditioning
service, Mr Molony said.

MICROPROCESSOR CONTROLLED DIP
SEQUENCING DISPENSER
The U.S. Heller Industries have devloped a fast, yet
reliable means of dispensing properly sequenced DIP’s
through the use of microprocessor control.
Identified as the ASD-30, this system consists of a
front panel keyboard data entry system, an LED program
information display and one or more controlled ramps of
20 DIP tubes each.
Programming data, which consists of the insertion
sequence and the part and tube number, is fed into the
controller
using simple command and
numerical
information keys. A special pre-programming device,
known as the Prom, can store program data of repetitive
jobs, which can be entered into the system by plugging the
Prom into a socket and depressing a ‘load’ button.
The controller can accommodate individual or
multiple programs of up to 128 steps and has the ability to
control up to 4 ramps of 20 tubes each.
The model ASD-30 has several error prevention
systems built into its microprocessor:—
1. A photo detector signals the controller when the
DIP has successfully followed its set track to the pick up
point, after which another DIP is dispensed. In the unlikely
event of a mishap in the system an error signal is flashed to
the operator through the controller.
2. The controller has a ‘dry run’ mode to auto
matically step through the sequence, in order to determine
the accuracy of the program information.
3. Segments of individual sequences may be checked
in either forward or reverse directions.
4. Where a tube of given part number is dispensed,
the location of the same part in another tube can be auto
matically searched and brought on line by depressing the
proper command key.
iv

Heller Industries claim an average production rate of
750 DIP’s per hour and peak rates of more than 1000
pieces per hour.
Royston Electronics are the Australian distributors
for this product.

TECHNOLOGY VERSUS JOBS?
To what extent will rapidly advancing technology
affect employment prospects in industry?
The search for answers to this crucial question has
prompted the Federal German Ministry of Research and
Technology (BMFT) to commission a wide ranging study
on “The Impact of Technological Developments on the
Economy and Employment”.
1.3DM million ($650,000) have been allocated for
this major project, which will be conducted jointly by
Mackintosh Consultants and Prognos of Basel, Switzerland.
While the Swiss company examines the economical,
sociological and humanitarian implications, Mackintosh will
investigate the technological environment.
An earlier study by Mackintosh Consultants has
already highlighted the impact of microelectronics on the
traditional clock and watch industry, based in the Black
Forest and dependent upon precision mechanical assembly
skills. The terms of reference for the present project,
however, are far wider, extending to all sectors of German
industry.
According to Peter J. Reichert, the head of Mackin
tosh operations in West Germany, the technological aspects
are not confined to electronics; neither are they restricted
to developments in Germany, and the effects of technologi
cal developments in USA and Japan are also to be examined
in depth.
Work on the project started at the beginning of
October, and the results are to be presented to the Ministry
in Bonn in September 1979.
Further details from Mr C.W. Hoggar, Mackintosh
Consultants Co. Ltd, 33 Bruton Street, London, W.1.

IPEC CHARTER FLIES COMPUTER
TO FAR WEST
Ipec Aviation has completed its most delicate mission
yet — transporting overnight an entire computer system
from Sydney to Newman, Western Australia, in one
consignment.
Honeywell Pty Ltd chartered one of Ipec’s Argosy
freighters for the job because road transport would have
been too hazardous for the fragile equipment.
The Argosy, of which Ipec has three, is the only
commercial aircraft in Australia capable of taking such a
large load through its doors.
The computer system was delivered to Mt Newman
Mining Co. and will be used to control the $100m iron ore
beneficiation project at Mt Newman.
The Honeywell control system computer (H716 and
TDC 2000 control system) weighs 8307 kg and is the only
system of its kind in Australia.
The charter route was via Adelaide and Kalgoorlie.
The Argosy carries a crew of three, and a loadmaster
accompanied the charter by commercial flights.
The Ipec Argosies provide the Air-Bridge express
freight service between Essendon and Launceston, as well as
undertaking charters.
The Australian Computer Journal, Vol. 11, No. 1, February 1979
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A survey of DP installations in Southeast Asia was
undertaken. The results obtained (up till March 1977) on
DP budgets are presented here. These provide much needed
information on DP budgets for the Southeast Asia region.
They should also help in transfer of technology programs as
well as provide useful comparisons of the state of
computing in Southeast Asia with other countries.
On average, a DP installation in Southeast Asia spends
48% of its budget on hardware and maintenance. Personnel
costs are less than hardware spending and account for 30%.
This personnel expense starts from about 39% for the
smaller installations and drops to 29% for the large
installations.
In general, installations in Southeast Asia have not as
yet reached the crossover point in the hardware-personnel
curves where hardware costs equal personnel costs. The
petroleum industry is an exception and has personnel
expenses (45.8%) which are over 2% more than hardware
expenses.
Data communication is not well developed and only
becomes significant for installations with over $250,000
yearly hardware expenditures.
The percentage for individual items on the budget for
selected industries and by installation size are presented in
the Tables. Table I gives the average DP budgets and Table

“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.”

II the average hardware spending for selected industries.
The corresponding figures by installation size is presented
in Tables III and IV.
How much does DP cost?
The DP budget for various industries in Southeast
Asia is presented below:—
DP spending as a % of Gross Income
Government
0.2%
Construction
0.5%
Transportation
0.6%
Insurance
0.7%
Manufacturing
1.0%
Trading and Marketing
1.1%
Universities
1.5%
Banking
1.5%
Petroleum
1.8%
Utilities
1.9%
Survey Results
A total of 32 installations in Southeast Asia contri
buted to the results presented here. The countries, together
with the number of installations are: Republic of China
(15), Hong Kong (28), Indonesia (4), Republic of Korea
(1), Malaysia (16), Philippines (36), Singapore (6) and
Thailand (26).
Following the tradition of the Datamation DP
surveys, the percentage spending for budget items of each
installation was first calculated. The percentages for all
installations were then averaged and listed in the Tables.
This was so that the “big” installations with large absolute
numbers do not overwhelm the smaller installations.

*Department of Computer Science, University of Canterbury, Christchurch, New Zealand. Manuscript received 78th September, 1978.
Now with IBM, Melbourne, Victoria
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TABLE I Average DP Budgets for Selected Industries
Banking
(5 sites)
PERSONNEL EXPENSES
Salaries and Benefits
Training and Travel
Other

Manufacturing

Petroleum

Trading &
Marketing

Transportation

Universities

Utilities

(12 sites)

(5 sites)

(12 sites)

(7 sites)

(9 sites)

(14 sites)

1,

26.93%
0.45%
—

28.07%
2.01%
0.26%

34.96%
2.06%
0.30%

38.52%
1.58%
1.06%

42.37%
2.57%
0.87%

39.18%
1.39%
0.08%

35.11%
0.28%

HARDWARE & MAINTENANCE 50.64%

44.23%

51.28%

48.08%

43.17%

42.25%

43.1 2%

42.83%

56.75%

58.48%

50.43%

MEDIA, SUPPLIES &
ACCESSORIES

9.15%

8.50%

7.42%

16.61%

5.96%

12.75%

2.70%

6.42%

4.76%

8.23%

11.71%

PACKAGED SOFTWARE
From mainframe vendor
From independent

0.46%
1.64%

0.97%
0.47%

0.63%

1.44%
0.14%

0.84%
1.19%

1.46%

0.79%
1.66%

2.38%
0.14%

0.59%

0.83%

0.46%
0.28%

0.25%

0.76%
5.85%
0.75%

—

0.29%
—
—

—

0.02%

—

—

—

—

“

—

—

VOICE & DATA LINES

1.67%

MISCELLANEOUS

1.02%
100.00%

TOTAL

—

—

—

0.47%
—

0.49%
0.10%

—
—

0.58%
0.20%

—

_
1.40%
—

0.03%

—

—

“

—

_
—

0.34%
—
—

0.07%

—

0.81%
3.31%
0.07%
0.05%
0.17%

-

28.98%
1.80%
—

-

—
—

1.31%

—
—
—

—

—

—

—

“

—

31.05%
1.26%
0.17%

0.74%
0.44%
0.38%
1.03%
—

0.38%

3.90%

0.19%

0.38%

3.78%

2.03%

2.14%

10.36%

0.95%

5.51%

2.71%

1.20%

1.61%

1.66%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

-

-

-

0.46%

-

0.07%

0.01%

TABLE II Average Hardware Spending for Selected Industries
Banking
(3 sites)
CAPITAL SITE
CPUs and memory
Peripherals
Data entry
Comm, gear & terminals
Microfilm, COM equip
Other
REMOTE SITES
Computers
Comm, gear & terminals
Data entry
Other
TOTAL

Co

39.25%
30.64%
5.74%
—

1.65%
1.04%

—

21.68%
—

—
100.00%

Construction Government Insurance
Bureau &
Management
Services
(7 sites)
(5 sites)
(3 sites)
(3 sites)
47.63%
30.91%
2.60%
0.56%
—

—
13.91%
3.42%
0.97%
“
100.00%

39.86%
37.46%
4.65%
2.17%
—

8.95%

—
—

6.91%
—
100.00%

45.18%
38.96%
10.65%
2.98%
—

1.06%

—

1.17%
—

—
100.00%

38.10%
45.61%
2.36%

Martufacturing

Petroleum

Trading &
Marketing

Transportation

Universities

Utilities

(6 sites)

(5 sites)

(9 sites)

(3 sites)

(3 sites)

(7 sites)

47.14%
41.59%
8.70%

43.80%
42.88%
10.74%

—

—

—

—

—

—

4.84%

2.57%

—

—

—

—

7.27%
1.82%
100.00%

0.84%

—

1.74%

—

—

—

—

100.00%

100.00%

37.03%
48.28%
12.33%
1.04%
—

0.19%
0.27%
0.59%
0.27%
100.00%

39.37%
46.47%
9.37%
4.79%

52.35%
36.45%
6.99%
4.21%

—

—

-

—

—

—

—

—

—

—

100.00%

100.00%

36.40%
40.09%
21.30%
0.78%
0.20%
0.65%
—

0.54%
_
0.04%
100.00%
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40.36%
0.55%
0.87%

OUTSIDE SERVICES
Batch processing
Consultants
Contract programming
Keypunching
Microfilm processing
Temporary help

31.85%
3.24%
0.04%

Construction Government Insurance
Bureau &
Management
Services
(9 sites)
(5 sites)
(9 sites)
(3 sites)

TABLE III DP Budgets by Installation Size (Determined by yearly hardware expenditure)
to $25,000
(11 sites)

to $50,000
(12 sites)

PERSONNEL EXPENSES

37.21%

41.16%

37.30%

39.83%

35.70%

32.39%

29.17%

28.99%

HARDWARE AND MAINTENANCE

44.74%

45.88%

51.07%

45.39%

43.83%

50.64%

50.12%

57.55%

MEDIA, SUPPLIES & ACCESSORIES

5.04%

8.19%

8.50%

8.41%

14.36%

10.10%

12.78%

7.85%

PACKAGES SOFTWARE
From mainframe vendor
From independent

2.28%
0.17%

1.34%

0.34%
0.13%

1.26%
0.98%

0.72%
0.97%

1.00%
0.50%

1.47%
0.06%

1.17%
0.18%

0.43%
0.01%
0.05%

1.08%

—
—

4.56%
0.99%
—

0.48%

0.19%
1.11%
0.52%
0.01%
—

0.16%

—
—

0.01%

to $150,000
(11 sites)

—

—

0.13%
0.05%
“

to $250,000
(9 sites)

—

0.80%
0.39%
0.04%
—

0.03%

to $500,000
(16 sites)

0.14%
1.36%
—

to $1 million
(6 sites)

—

over $1 million
(3 sites)

—

0.48%

—
—

,

0.32%
0.06%
—

0.53%

—
—

—

—

“

—
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VOICE AND DATA LINES

0.1 7%

-

-

0.50%

-

0.95%

0.02%

2.40%

MISCELLANEOUS

4.36%

1.44%

2.16%

2.37%

3.16%

2.64%

5.85%

1.38%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

to $1 million
(5 sites)

over $1 million

TOTAL

TABLE IV DP Hardware Spending by Installation Size (Determined by yearly hardware expenditures)

CENTRAL SITE
CPUs and memory
Peripherals
Data entry
Comm, gear and terminals
Microfilm, COM equip.
Other
REMOTE SITES
Computers
Comm, gear and terminals
Data entry
Other

1,

TOTAL

to $25,000
(3 sites)

to $50,000
(9 sites)

47.36%
37.49%

45.15%
40.92%
9.66%
0.72%

—
—
—
—

—

3.55%

to $100,000
(13 sites)
41.13%
46.51%
12.36%
—
—
—

—

—

—

—

—

—

—

—

—

—

12.12%
3.03%
100.00%

100.00%

100.00%

to $150,000
(7 sites)
37.80%
40.34%
14.22%
1.34%
0.71%
4.14%
0.35%
0.75%
0.35%
—

100.00%

to $250,000
(7 sites)
40.95%
43.52%
10.57%
1.56%
—

3.40%

—
—
—
—

100.00%

to $500,000
(11 sites)
48.39%
32.62%
6.24%
2.30%
—

41.20%
39.26%
12.65%
3.75%
—

0.28%

3.79%
3.83%
2.15%

2.80%
0.06%

—

100.00%

—

—
—
~

0.68%

—

—

,

—

100.00%

—

—
—
—
—

-

Southeast Asia DP Budgets
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Batch processing
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—
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Alternatives in the Architecture
and Design of Distributed Data Bases
J. L. Smith*
A large number of alternatives exist in the architecture of distributed data base management
systems and in distributed design. This paper classifies some basic system characteristics for which
independent distribution strategies can be defined. Three possible global logical architectures are
described. The ANSI SPARC architecture for centralised database management systems is used as a
basis. Finally some indication of the control problem for distributed data bases is given.
Keywords: distributed data bases, distributed architecture.
CR Categories: 4.33.

1.

INTRODUCTION
The essential characteristic of a distributed data base
is that it is integrated [see Fry and Sibley (1976)], but it is
not stored under the control of one DBMS instance at one
site. The concept almost certainly involves a data communi
cation network which connects a number of computer
systems (nodes) on which the parts of the data base are
stored. Thus a distributed data base management system
(D-DBMS) is not merely a system whose modules span
back-end, front-end and remote access hardware. However,
while many of the arguments put forward for distributing
data are based on wide spread geographic location, there is
no reason that the technology cannot be applied to parts
which reside in the same computer system.
The purpose of any DBMS is to provide the
population of users with convenient and responsive access
to data for their needs, while controlling the data base in a
way which guarantees integrity, security and cost effective
ness. For some data base applications there are strong
indications that distributing the data can better meet these
requirements. In addition abroad range of human, political
and social factors may in the long run have an overriding
influence towards distributing data. It is not the purpose of
this paper to explore these issues, rather some of the technitechnical alternatives are discussed.
Distributed data base design is influenced by a
number of factors such as
•
the location and distribution of accesses to data
•
special function requirements
•
the transaction volumes at each node
•
the volume of communication traffic between nodes
•
the accuracy with which these statistics can be
predicted
Whatever the distribution, it is implied that the data
is integrated. Interconnection (e.g. by data communication
network) is a necessity, but many problems are to be
encountered in providing a distributed system which offers
the same degree of integration as we have come to accept
in a centralised system. In addition the pressure of changing
requirements is likely to be greater in distributed systems.
Thus the architecture must allow for smooth evolution of
“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 data base in the face of changes such as expansion of
the enterprise, organisational change, or hardware
expansion and redistribution.
The architecture of centralised DBMS has been
captured in the generalised model of the ANSI SPARC
Study Group (1975). This model forms a natural starting
point for the local component of a generalised model for
D-DBMS. In addition the concepts can be extended to the
more global case of a distributed system.
2.

BASIC ALTERNATIVES
There are a number of independent characteristics of
D-DBMS on which clear alternatives can be readily
identified. These are described below. The approach taken
is to describe the pure strategy alternatives, recognising that
in practice some hybrid strategy between the various
extremes is likely to arise.
2.1

Distribution Alternatives
Several strategies readily come to mind concerning
the partitioning, replication and distribution of data in a
distributed data base. Many of these strategies are exploited
in the loosely integrated information systems employed in
organisations today. With manual systems there is much
data redundancy and some of this is properly retained in a
computerised distributed data base system.
As an example consider the following conceptual
schema expressed in relational third normal form [see
Codd (1971)]. It describes the information of concern in a
library network constituted by a number of separate
libraries which operate cooperatively. We imagine them to
be geographically dispersed, and maintaining different but
overlapping holdings. We begin with a global integrated
view of the catalogues, membership and loans of the whole
cooperative. Note that the UNION-CATALOG relation
contains information about every title of the cooperative,
while
the
LIBRARY-CATALOG
relation contains
information about the copies of these titles. Primary keys
are given in boldface.
UNION-CATALOG(ISBN,MAIN-ENTRY,TITLE,
TOPICAL-SUBJECT, GEOGRAPHIC-SUBJECT,
U DC-C LASS IFIC AT IO N,.............
LIBRARY-CATALOGOSBN, LIBRARY,
NO-OF-COPIES, SHELF-NO,............ )
MEMBER] NAME, LIBRARY,BORROWER-ID)
LOAN (ISBN,COPY-NO, LIBRARY, BO R ROW E R-1D)

*CS1RO, Division of Computing Research Canberra. Original manuscript received 10th December 1978 and in revised form 10th January 1979.
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2.1.1 Partitioning of a Relation
In this strategy the set of tuples which constitute a
relation is partitioned and the subsets assigned to the
various local data bases. An obvious application of this
strategy is to partition the relations LIBRARY-CATALOG,
MEMBER and LOANS according to (the value of the
domain) LIBRARY and assign the subsets to the
appropriate library nodes. This corresponds to the
commonly occurring geographic location of reference
property of data. However partitionings for functional
purposes may be based on any attribute or attribute
combination. For example the UNION-CATALOG relation
may be partitioned according to classifications based on
TOPICAL-SUBJECT, and some of these subject partitions
assigned to particular nodes.
2.1.2 Tuple Replication
This strategy most commonly arises in conjunction
with the partitioning of a relation. Tuples may be replicated
by
(a)
employing more than one partitioning of a relation
(e.g. partitioning UNION-CATALOG by TOPICALSUBJECT and by G EOG R APHIC-SU BJ ECT)
(b)
replicating the subsets of one partitioning of a
relation
(e.g.
replicating
TOPICAL-SUBJECT
partitions at different nodes)
2.1.3 Partitioning by Relation
In this strategy a particular relation is stored in total
at one node, and other relations are stored at the same or
different nodes. For example the UNION-CATALOG
relation might be stored at one central node, with partitions
on the other relations distributed amongst the regional
library nodes.
2.1.4 Replication of Relations
Complete relations may be replicated at one or more
nodes.
2.1.5 Replication by Projection or join
Even if the global schema relations are in third
normal form some distribution strategies call for further
manipulations. For example a projection of the LIBRARYCATALOG relation is the following
HOLDING(LIBRARY,ISBN)
Clearly, when stored at the same node as the UNIONCATALOG relation, this provides the important functional
capability to determine where a particular title is held. This
type of replication is generalised in a proposal by Toth et al
(1978) in which the partitions correspond to restrictions
which can be matched against queries at execution time to
determine the partition and location involved in an
operation.
A join of the HOLDING relation with the UNIONCATALOG relation can be projected into the following
relation
SUB JECT-CATALOG(LIBRARY,ISBN,
TOPICAL-SUBJECT,MAIN ENTRY, TITLE)
By partitioning and distributing this relation in the same
manner as for other relations described in Section 1.2.1 a
6

much greater functional capability is provided at the
regional library nodes.
2.2

Strict Consistency v Loose Consistency
Adiba et al (1978) refer to the alternatives in main
taining consistency amongst replicated data as strict and
loose consistency. In the strict approach an update
transaction is only complete when all copies of the effected
data are updated. Thus consistency is guaranteed at all
times, although problems arise in the case of node failure
or communication failure, and recovery.
Loose consistency is the strategy in which copies of
data are only guaranteed to be consistent at particular
points in time. Canning (1976) quotes an operational
example of this approach in a French banking system in
which branch data is replicated in local nodes apd large
central nodes. Branch data bases and the central data bases
are brought into step each night after all the local update
transactions have been applied to the central data bases.
2.3

PER v DEX
A fundamental decision about a service request which
arises at one node concerning data stored at another node is
whether to dispatch a process to the data location or to
bring the data to be processed at the initiating node. Many
hybrid strategies can be formulated, a familiar one being to
dispatch a transaction to the remote node where an existing
process will perform the desired function.
The two extremes have been described by Habalkar
(1977,1978) as Program Execution Request (PER) and
Data Exchange (DEX). Most attention has been given to the
PER approach so far. This arises as a natural extension to
the remote access and on-line systems used with centralised
data bases. It implies a static distribution of the data and
service modules, such as when data is distributed according
to predictable locations of reference. For example in the
library network the majority of loan transactions would
arise and be processed at the same node. The exception is
the inter-library loan for which a process request would be
routed to the lending library node. Similarly the implemen
tation of a cooperative purchasing scheme may necessitate
a transaction being routed to a central service module for
each new order or renewal.
The DEX approach is based on the concept of
dynamically distributing data. Every transaction is
processed at the originating node. If the relevant data is not
located at the node it is assigned to that node and
transferred there. Data is not replicated.
2.4

Homogeneous v Heterogeneous
It is reasonable to conceive of a D-DBMS as
composed of a number of DBMS each running on a separate
node, with a cooperative framework imposed on them. If a
D-DBMS is homogeneous then the systems operating at
each node are identical, to the extent of the modules which
are in operation at each node. In a heterogeneous system
different DBMS are in use at the various nodes and the
D-DBMS must provide for the necessary transformations
when data, programs and commands are transmitted
between nodes.
The task of controlling and integrating a distributed
system is both extensive and complex. In a homogeneous
system because the interfaces between the various modules
are uniform, for each level, a number of alternatives for a
distributed interface exist. In the heterogeneous system low
The Australian Computer Journal, Voi. 11, No. 1, February 1979
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Mapping

Page
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Figure 1 Schema relationships in the ANSI/SPARC architecture.

level interfaces to the distributed system may not be
practical because of the nature of the transformations
required. This problem of stored data description and data
translation has been addressed by Fry et al (1977), while
Nahourii et al (1976) have made some progress in the area
of query translation in the heterogeneous context.
2.5

Centralised v Distributed Control
Control is largely concerned with determining the
locations involved in an operation and maintaining integrity
and privacy. A side effect of multi-access control is the
problem of deadlock. Centralised control simplifies the
management of resources and the prevention or detection
of deadlock. However it may lead to an unnecessarily high
overhead in communication and it makes the whole system
dependent on the reliability of one node.
Distributed control is achieved to a degree by having
each node manage its own resources. For transactions
which can be satisfied locally there need be no network
communication. However the efficient implementation of
distributed control in the general case is a critical problem.
3.

DATA BASE DESCRIPTION
The ANSI SPARC (1975) generalised model for the
architecture of a centralised DBMS identifies three levels of
schema for data base description (see Figure 1).
EXTERNAL OPERATION

External-Conceptual
Transform

Semantic Control

Conceptual-Internal
Transform

DATA LEVELS

User
Workspace

Workspace

Conceptual
Workspace

Concurrency-Redundancy)
.
Control
/
Internal - Storage
Transform

Internal
Workspace

Storage
Management

EXECUTIVE

I/O System

Storage

Figure 2 Translations and data materialisation in the ANSI/SPARC
architecture.
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Figure 3 Data levels in DBMS implementation.

These are
user views or external schemas (E.S.)
a single conceptual schema (C.S.) defining the infor
mation content and integrity constraints
•
a single internal schema (I.S.) defining the data
representation and organisation.
The external level caters to user requirements by allowing a
variety of data models to be employed and by providing a
subsetting capability. In the centralised DBMS the concep
tual schema and the internal schema are both global views
of the data base.
In ANSI SPARC terminology the enterprise adminis
trator defines the conceptual schema, an applications
administrator defines an external schema, and the data base
administrator defines the internal schema. The conceptual
schema is the basis for all other schemas. When an external
or internal schema is defined it is also necessary to describe
a mapping so that operations on the source data model can
be transformed into operations on the target data model.
A pedagogical description of the main functions in
data base access under the three level schema is given in
Figure 2. An operation expressed in an external Data
Manipulation
Language
(DML)
is translated
into
operation(s) in the conceptual DML, using the external
schema, the conceptual schema and the defined mapping.
The program at the conceptual level is augmented by
procedures to control semantic data integrity, such as data
validation, data relatability and relational consistency.
Using the conceptual schema, the internal schema and the
defined mapping for this level, the conceptual level program
is translated into operations in the internal DML. The
program at the internal level is augmented by procedures to
maintain consistency in redundant data and to control con
current access by lockout when necessary.
In terms of the data levels defined in Figure 2 a user
process may access data in its own workspace or
interchange data with the system via the external workspace.
Data is presented to the DBMS at the external level and is
materialised by the DBMS at the external level in a form
defined by the external schema. Data is manipulated at the
internal level in a form defined by the internal schema. In
•
•
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GES 1

GES m

GES 2

GES 1

GES m

GES 2

Global ExternalConceptual Mapping

Global ConceptualInternal Mapping

LES 1

LES 2

LES n

LCS 1

LCS 2

LCS n

LIS 1

LIS 2

Figure 4 Schema relationships in a homogeneous D-DBMS.

established storage technology data is usually presented at
the storage level interface in pages in accordance with some
virtual storage management scheme. The DBMS provides
the necessary data translation so that the modules at the
various levels can use the data in the defined data
structures.
In implementation the conceptual level may only
have a declarative roll, with no data being materialised at
that level and no code being interpreted at that level. Thus
rules concerning data validation, data relatability and
relational consistency must be propogated to the external
schema and external program through the mapping process.
These checks are then executed on data materialised at that
level. Alternatively all integrity rules could be mapped to
the internal level and executed at that level. However the
complexity of the constraints which are required in data
bases today motivates their application at the higher levels
of data. This does incur the cost of materialising at the
external level all the data which is necessary to check some
relational constraint, but it does avoid maintenance in the
face of internal reorganisations. The material levels of data

User
Workspace

External
Workspace

Internal
Workspace

Page
Buffers

Semantic
Control

Internal
Workspace

Page
Buffers

Figure 5 Data levels in a homogeneous D-DBMS.
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Concurrency
— Control

Figure 6 Schema relationships in a homogeneous D-DBMS.

in a centralised DBMS are shown in Figure 3, which
indicates the semantic controls such as those mentioned
above being applied to externally materialised data. On the
other hand concurrency controls which maintain the
integrity of data under multi-access use are applied at the
internal level.
The three level schema and the requirements in
mapping and materialisation of data apply equally to the
distributed system. In terms of logical data independence
(which is the real motivation for the three level schema) it
is highly desirable that an application program written for
a distributed data base should be independent of the actual
data distribution. (This is not to say that there should be no
user awareness of data distribution.) Distribution is not
conceptual information but it may be determined by
certain attribute values. It is a property of data which
belongs to the global view. Therefore in terms of the
architecture described above the network directory defining
distribution forms part of the mapping definition between
the conceptual level and the internal level. Thus ideally the
relationship between the three levels of schema with n
nodes is described by Figure 4, with the levels of data
materialisation described by Figure 5.
The external schema are called global external schema
(GES) because they may refer to data distributed at any
node in the data base. Any of the external scheme GES1,
GES2, .... may be invoked at any node, but the details of
execution will be dependent on the distribution of the data.
The situation described in Figures 4 and 5 is only
applicable to a homogeneous system. Adiba et al [5] have
described the relations between the various levels of schema
in a heterogeneous system by Figure 6. In their model the
only permissible interface between the distributed system
and the local DBMS is one which uses a local external
schema (LES).
In Figure 6 such external schema (LES1,LES2, . . .)
are assumed to map into the complete local conceptual
The Australian Computer Journal, Vol. 11, No. 7, February 1979
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(2) the application administrator specifies a direct
translation module for the set of operations
permitted on the particular data base.
In heterogeneous systems the data mapping problem could
be contained by employing a uniform model at the
distributed interface (i.e. at the LES level).
4.

Page

Page

Buffers

Buffers

Figure 7 Data levels in a heterogeneous D-DBMS.

schema, that is they are not a subset. While this model is
again pedagogical it does illustrate some of the efficiency
and mapping problems in a general system. The mapping
problem has different implications depending on whether
one takes a top down approach or a bottom up approach.
Top down, conceptual declarations are made at the GCS
level and these must be mapped to form the LCS. Bottom
up the conceptual declarations are made at the LCS level
and these must be mapped to the LES level and then
integrated to form the GCS. In the latter approach all
semantic integrity controls are local and therefore they may
be applied in the local external workspace, whereas in the
top down approach it may be necessary to apply some of
these controls in the global external workspace because
they involve distributed data. The likely levels at which
data would be materialised are shown in Figure 7. In both
approaches the network directory is incorporated in the
downwards mapping from the GCS.
Important practical concerns are the implementation
of the translators and the need for uniformity in the data
models employed. Paolini (1978) has identified alternatives
in the operator translator implementation:
(1) the DBMS provides a general translator for each
source DML, based on the formal definition of the
source and target data models and the mapping
rules.
The Australian Computer Journal, Vo I, 11, No, 7, February 1979

DISTRIBUTED EXECUTIVE
A new resource control is required in D-DBMS which
permits executing processes at the same or different nodes
to communicate. This is usually called the distributed
executive [see Kimbleton et al (1978)] and it subdivides
the architecture of a D-DBMS. The distributed executive
provides process initiation, execution and termination, and
inter-process communication (IPC) in a network environ
ment. The communicating processes may be in the same
machine, in different machines in close proximity
connected by a channel, or in widely distributed machines
connected by a data communication network. In order that
processes can remain as independent of their relative
location as possible, it is desirable that protocols for inter
host and intra-host IPC are the same.
Future data communication technology such as
satellite channels promises considerable simplification in
data communication by offering long distance end to end
communication channels which are very reliable and
economic. At present the available technology is the packet
switching network [see Palandri et al (1978)]. Martin
(1978) has defined the levels in this communication sub
system as in Figure 8.
•
At the lowest level bits are transmitted on an
electrical circuit
•
The physical link deals with frame transmission
(contained packets) on a point to point basis using
send and acknowledge protocol. Errors are detected
and frames re-transmitted.
•
The logical link deals with the transmission of packets
(containing messages or partial messages) on an origin
to destination basis. Packets are sequenced, Partial
messages are reassembled and undeliverable messages
notified. Traffic is controlled to prevent congestion
and avoid any process monopolising the communi
cation channel.
•
Session services includes various sorts of resource
management such as establishing connection to a
service, providing access to a file, converting high
level protocols to messages, and code conversion.
9
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0,STRI8UTED

executive

DISTRIBUTED

EXECUTIVE

Figure 11 Data levels in cooperating storage management
workstations.

Figure 9 Data levels in cooperating user workshops.

GROSS ARCHITECTURE
Bachman (1978) has reported that the ANSI Study
Group on Distributed Systems is discussing three alternate
schemes for dealing with distributed systems. In order of
increasing system complexity these are described as
(1) cooperating user workstations
(2) cooperating storage management workstations
(3) cooperating data base management workstations
In overview the ANSI group makes the important practical
observation that workstations may be manual or computer
ised, highlighting the inherent distributed property of all
information systems in use. In this discussion all work
stations are assumed to be computerised.

to the distributed executive are shown. The D-DBMS does
not exploit any global view of the distributed data base, it
merely maintains some form of network directory which is
accessible to user processes. The onus is placed on the user
process to access this directory when required. If a process
determines that its purpose cannot be completely satisfied
by the local data base, it must ascertain those nodes which
are concerned. It then generates the necessary transaction/
sub-transaction messages to transmit to the service
processes in those nodes, and awaits their response.
Thus each node operates its local DBMS indepen
dently, and these may all be different. The problems of
heterogeneity have to be resolved by the user process, and it
communicates using the protocol of the distributed
executive whenever non local data is involved.
The recently announced IBM 8100 distributed system
[see IBM (1978)] operates its small local DBMS in con
junction with IMS systems on IBM 370 computers in this
manner.

5.1

5.2

Standards are being developed at all the lower levels and
these are discussed by Cotton and Folts (1977). Some of
the prominent standards developments are shown in Figure
8. It is likely that session services will develop into more
than one level before there is a move to standardisation.
5.

Cooperating User Workstations
This approach is illustrated in Figure 9, showing three
nodes connected by a distributed executive. The layers of
materialisation of data and the level at which data is passed

GES 1

Storage
Scheme-1

GES 2

Storage
Scheme-2

GES m

Storage
Scheme-n

Figure 10 Schema relationships in homogeneous D-DBMS with
storage schema levels.
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Cooperating Storage Management Workstations
In this approach the system handles all access to
distributed data in a way that is transparent to the user
process. However, for this purpose the network directory is
mapped to the very low level storage schema as shown in
Figure 10. Thus there is a global internal schema at each
node. The virtual address space in use at the storage
management level addresses the entire distributed data base.
When a page fault occurs the physical address for retrieval
of that page may refer to storage at another node. Thus the
internal storage management module interfaces to the
distributed executive at each node (see Figure 11). These
generate the necessary messages requesting a copy of a page
from another node and if the integrity control permits,
the copy is transmitted and its activity noted at the
containing node.
This approach is limited to homogeneous systems. It
is also restricted to distribution without replication, and so
cannot exploit the performance enhancements possible
with various replication schemes.
The low data level of the interface to the distributed
executive in this architecture could cause unacceptable
overheads in data communication traffic. If data is not
located at the point of execution of an external operation,
there could be a sequence of pase faults occur, each one
having to be accessed by an individual pase access through
The Australian Computer Journal, Voi. 7 7, No. 7, February 1979
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distributed

EXECUTIVE

Figure 12 Data levels in cooperating homogeneous DBMS
workstations.

the network. In contrast the architectures described next
couid reduce this to one network interchange.
5.3

Cooperating DBMS Workstations
This architecture exploits all the potential in data
base description and distribution suggested in Figures 4 to
7. It allows any distribution alternative to be implemented
in a way which is transparent to the application program.
The simpler architecture applicable to homogeneous
systems is shown by the data levels of Figure 12, and the
more general architecture applicable to homogeneous or
heterogeneous systems in Figure 13. The interim report of
the CODASYL Systems Committee (1978) addresses this
model for a D-DBMS. In Figure 12 each internal data
management module can receive requests from every
external data management module in the network, whereas
in Figure 13 the network requests arise at the external level.
Because
this
architecture
interfaces to the
distributed executive at the external level, a number of
alternatives exist in the way a transaction involving more
than one node is decomposed. These alternatives are depen
dent on the actual data model in use at the external level.
However to decompose an operation in to a number of
elementary sub-operations on remotely located data would
be self-defeating, because of the communication traffic,
delays and integrity problems resulting. Thus it is essential
that a high level language be employed at this interface. For
this reason the architecture of Figure 12 may be criticised,
as it has an internal level interface on the stored data side.
In the case of data replication the external data
management module has an important function to perform
in optimising access. This involves query analysis against
data distribution [see Toth et al (1978)]. In addition
complex queries may have to be decomposed, and
alternatives exist for the decomposition and the order of
execution [see Adibaetal (1978)].
CONTROL
Every area of control becomes more complex with
distributed data. Semantic data integrity control is usually
applied at the external level (see Section 3). In the
cooperating user workstation architecture shown in Figure
9 it is clear that semantic integrity can only be controlled
within the individual data bases by the local DBMS. Any
relationships between data in different data bases are
subject to corruption by user processes. In the other

architectures there are global external schemas in use so
that all semantic integrity constraints can be checked by
the system. However as mentioned in Section 3 this may
incur a sizeable overhead if updates and related data do not
occur at the location of execution. In the architecture of
Figure 13 this overhead could be avoided for certain
distributions of the data, by applying the integrity checks
at the local level.
The most complex area of integrity control is that
relating to concurrency, lockout, data replication and
recovery. The general problem is still the subject of research
[see Adiba et al (1978)], and initial solutions are likely to
rely on simplifcation of the problem by limitations in the
design. In the case of resource allocation centralised control
simplifies the problem, but this seems to be an unacceptable
solution. When most requirements for exclusive access to
data arise at the location of the data a decentralised control
which allows each node to manage its own resources seems
essential. The difficulty then arises when processes need
access to resources at more than one node. For example,
deadlock can arise in a demand for resources at more than
one node. With the prospect of decomposing a transaction
into sub-transactions, it is possible that two cooperating
processes can deadlock on one data resource and one
message resource (e.g. process 1 waiting to update tuple
1 upon receiving a message from process 2 which awaits
access to tuple 1).
When sub-transactions are updates at different
nodes, all updates must be applied or none. Thus it must
be possible to roll back or render ineffective all sub
transactions which have been acted upon. If there is to
be no side effect on other transactions, the committment
for the set of sub-transactions must be coordinated. This
is not possible in the cooperating user workstation archi
tecture of Figure 9. In practice it seems that some
compromise in consistency will be necessary in any
architecture. The situation is complicated by the possibility
of data communication or node failure.
Similar problems occur on a larger scale with data
base recovery. After recovery at one node, if a necessary set
of transactions cannot be resubmitted, the possibility of
inconsistency with other data bases arises. This may require

6.
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roll back at other nodes and the question arises as to
whether the data bases can be synchronised.
7.

CONCLUSION
Some of the many alternatives in the architecture and
design of distributed data bases have been described. Many
of these are the subject of research and development
projects. Some of the simpler forms are coming into use,
either in specially developed software or by manufacturers
evolving their centralised DBMS technology in conjunction
with data communications. However the problems in
integrity control demand a conservative approach to data
base update and concurrency.
Three major alternatives in overall architecture have
been identified. These differ significantly in system com
plexity and data independence because of the levels at
which communication between the cooperating nodes
occur. These data levels are (1) application process (2)
storage management (3) external (or internal) data base
management. As a result the pattern of data communica
tion traffic and the forms of integrity control differ greatly.
Coordination of a number of controllers requires special
strategies which also lead to data communication overhead
and delays.
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We read with interest the article, “Topological
Design of a Small Resource Sharing Network” (Payne and
Lings, 1978). One point is unclear. Why do “the relative
geographic positions of Australian Universities suggest”
that there be no switching node at Newcastle?
Yours sincerely,
Peter J. Moylan,
Department of Electrical Engineering.
David W.E. Blatt,
Department of Mathematics

Dear Sir,
Thank you for your letter of 20 November 1978
concerning my paper no. 284. The University of Birming
ham has been keeping a watching brief on my mailbox at
the University, but sadly they had not received your letter
of 22 June nor have they received the reprints. If they had
been sent to Vienna Institut fur Hohere Studien, then I am
sure that they would have returned them to you, as they
are not able administratively to re-direct mail.
When the reprints do show up, as they will eventually,
could I ask you to forward them to my home address
above?
Yours sincerely,
John D. Blackburn

72

The Australian Computer Journal, Vol. 77, No. 7, February 1979

The Computer Data Base Decision
M.J. Lawrence**
The decision to implement a data base cannot be treated as a technical software option and left
to the software boffins to make. Its far reaching management implications make it vital that senior
management be involved in and participate in the decision. The implications of this decision are
outlined and the paper presents what is believed to be the minimum degree of knowledge necessary for
the non-computer executive to be able to contribute meaningfully to the question ‘‘Should we
implement a data base?”
Keywords: Data base. Management involvement, Database decision
CR Categories: 4.33, 2.40, 3.50, 3.72

1.

INTRODUCTION
Data base management systems (DBMS) are the
current vogue in e.d.p. circles. They represent a bonanza for
software suppliers, an advertising and sales feature for
computer manufacturers and frequently confusion for
management and e.d.p. executives. The basis of the
confusion lies in the fact that the benefits claimed by the
data base proponents are very often not felt to be
achieved by those organisations that have adopted data
bases. Worse still a number of large organisations, sophisti
cated in their use of e.d.p. have experienced great trauma in
their attempts to utilise a data base and appear to have
almost uniformly grossly underestimated the costand time
involved in initial implementation.
Typical of the problems experienced is that faced by
a large Australian company which had made the decision
that where possible all future e.d.p. systems should be
integrated into the company data base. When a rush system
was needed for satisfying Prices Justification Tribunal data
requirements, it was reasoned that this too should tie into
the data base as the new data to be stored would be
required by another system already on their work plan. The
P.J.T. system was quite simple. It called for inputting a
large volume of data, sorting it, and outputting it in a
specified format. The project was estimated to take in the
order of 3 months. Although it was considered that it could
have been done faster and more cheaply using old-fashioned
sequential file processing techniques, the difference in cost
was not thought sufficient to offset the value realised by
including the new data on the data base. The project
finished up taking about 11 months and costing four to five
times the original estimate. Most of the responsibility for
the over-runs could be sheeted home to the decision to tie
the system into the data base.
The thrust of this paper, which borrows liberally
from opinions expressed at a FORUM1 meeting, is that
adopting a data base approach produces a radical change in
the application systems and in the structure and operation
1.

The information Systems Forum has been organised by the
School of Accountancy at the University of New South
Wales and gathers together senior executives responsible for
e.d.p., and e.d.p. managers from some 30 of Australia’s
largest computer using organisations.
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of the e.d.p. function of an organisation. It is argued that it
is vital that senior executives in organisations considering
such a move be aware of the issues involved and participate
in the decision.
This paper seeks first to put DBMS into perspective
by examining the motivation that has led to its develop
ment and use. We present a brief picture of the current
status and possible future developments of DBMS.
Finally we deal specifically with the more important costs
and benefits that need to be considered in making a data
base decision. We have, in brief, attempted to present the
data base concepts sufficient to arm the non e.d.p. expert
to ask the right questions and ensure that a sound decision
is made on whether to adopt a data base approach.
2. THE MOTIVATION FOR DBMS DEVELOPMENT
The data base management system of today is the
product of two broad trends in the development of
computer systems. One trend is towards the storage and
use of an organisation’s data as a data base: that is a
coherently organised, integrated, centralised resource to
be made available to any authorised user in the organi
sation. The other trend is towards the use of a high level
file management system as a means to increase programmer
productivity, to improve user access to data and to assist
the maintenance of data integrity.
2.1 The Data Base
Information systems in an organisation have generally
evolved with the characteristic that each application has its
unique or nearly unique set of files associated with it. Each
file is designed to suit the particular needs of the appli
cation system it is tied to, with the possible exception of
widely used files like customer or product master files,
which are obviously used in a number of different appli
cations. This close relationship between data file and
application system frequently leads to difficulty in
accessing and using the data as input for a new application
or to answer an ad hoc request. The problem may arise
from one or more possibilities, the chief ones being incon
sistencies in data definitions or storage formats, the early
aggregation of data with resulting loss of detail, poor data
collection timing, absence of necessary indicative
information and inadequate documentation about data
which was stored.
When it is necessary in a new application system to
associate data already stored in one file with data already
stored in another file which relates to the same entity,
formidable data access and retrieval problems may be
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present. These problems which have proved an effective
barrier to the development of many information systems
are due to factors such as inconsistent coding systems,
incompatibility of storage media, and not knowing the
address of the required data.
An example might make this problem clearer. A
large chemical company in Australia recognised that it
carried out considerable trade with a number of companies
in the same industry both buying from and selling to them.
For example it purchased petrol, oil, fuel oil and raw
chemicals from an oil company and sold to them manufacconsider various structural forms for the data model in the
with regard to credit control, management requested a
listing showing total sales and purchases to each of these
companies. It was believed by management that since all
the information was currently “on the computer” and
reports containing segments of the data were currently
being produced that this new report could be easily
obtained.
However, each sales division had its own special
coding scheme and uniquely formatted historical sales data
files. Furthermore, since many of the products were in fact
purchased from or sold to different subsidiaries or divisions
of the one parent company, there were multipJe codes
relating to the one corporate entity. In addition, manufac
turing raw material purchases were filed separately to petrol
and oil purchases. Thus a total sales figure and a total
purchases figure could only be determined with consider
able effort. The DP manager had a rough time convincing
management of the difficulty of producing the requested
report on the computer. Eventually it was reluctantly
decided to prepare the information manually.
The first solution generally proposed to solve this
kind of problem was to create a new file or set of files
which would be separately maintained and contain the
information required to produce the requested report. This
resulted over time in multiple copies of the same data being
stored, each copy being used for a specific set of application
programs. Although this is a natural response to the
problem, the multiple copies give rise to an unmanageable
situation as well as considerable expense associated with
their separate maintenance and storage.
A later proposal put forward to solve the problem
was to integrate the data into a common centralised data
base with standardised control over data definitions,
descriptions, formats, coding schemes, editing rules, data
collection techniques, storage and access and so make the
one set of data freely available to all application programs.
Having the data together in a common data base removes
the often arbitrary divisions caused by application oriented
data files and is a necessity for permitting the easy inter
relating of data across the organisation in order to quickly
and easily meet information needs. Centralised control over
the data base ensures the needs of all users in the organi
sation are met, and is necessary to alleviate the problems
mentioned at the start of this section.
A data base cannot, however, be implemented in the
same fairly straightforward way that applies to, say, a
sequential file. The divide and conquer approach used in
grouping like records into separate files makes for easy
data retrieval and processing. When we put all the data
together in a data base we have a more complex task to
locate, retrieve and store data. This necessitates the use of
additional software called the data base management
system (DBMS), which utilises a variety of access
14

techniques to retrieve data either directly by primary key
(e.g. retrieve employee No. 5801) or by secondary key or
attribute (e.g. retrieve the employees in department 87
who are civil engineers). To carry out its job the DBMS
sets up and maintains access data for the purpose of
speedily locating wanted records. File access techniques
such as inverted files, directories, indexes and pointers are
used for this purpose. Once established, since this “access
data” must be updated every time a change is made to the
data base, the interface with the data base must be
restricted to the DBMS, to prevent the possibility of an
application program updating the data base and not
correctly updating the relevant indexes, directories or
pointers.
2.2 The Data Base Management System
The origins of the concept and implementation of
generalised file management systems such as DBMS have
been traced by Fry and Sibley (1976) to the data definition
developments, the report generator packages, and the
command and control systems of the fifties. These early
military/scientific implementations proved the value of the
generalised approach and did much to stimulate the
development of business oriented DBMS.
The CODASYL* Systems Committee in 1971
developed a two category classification scheme for DBMS
based on their method of providing capabilities to the user.
The self-contained systems provide a high level language to
retrieve, manipulate, store and print data and format
reports. The host language systems concentrate on
providing facilities for finding, retrieving, storing, deleting
and updating data by means of instructions which are
imbedded in a host language (e.g. COBOL) program and
activated by means of a procedure call statement. We will
be concentrating our attention chiefly on this type of
DBMS.
The early systems, predominantly self- contained,
were designed primarily to suit the needs of the non
programming user for ad hoc requests. A good example of
a continuing product of this development is “Mark IV”.
This type of system is not generally classified as a data base
management system as its features have been designed to
manipulate application based files and not data bases. Its
primary orientation is towards providing an easy to use
high level language for retrieving data from files, performing
simple calculations (e.g. price times quantity) and
formatting information for report generation. However,
some self-contained systems permit updates, edits and in
fact the full range of programs to be written in their
language. The attraction of these systems may be judged
from the number of companies now successfully using
Mark IV and RPG as general programming languages and
taking on untrained staff to do the programming. The trade
off in their use is the extra machine time that they employ.
But this factor is rapidly declining in importance with
declining machine costs.
With increasing interest being focussed on data bases
as a means of overcoming the kinds of problems mentioned
in section 2.1 it was natural that work on generalised file
management systems would centre on data bases. But
the emphasis changed from providing facilities for the none.d.p. user, to catering for the data relationship, security
*

The Conference on Data Systems Languages (CODASYL)
was responsible for developing COBOL and has been active
in proposing DBMS standards.
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and integrity of the data base. Recently, host language
systems designed for the programmer as user have become
predominant. Many of them have introduced a variety of
clever features but at the expense of requiring the systems
analyst to play a greater role in the programming because
of their increased complexity. The main common and
desirable features of DBMSs are covered in the remainder
of this section.
*Standardisation of data access
With many users sharing

Application
Program

Appllcat ion
Prog-am

Data Sub
Model 1

one data base it
access in order to

Mapping

use of a generalised DBMS which permits only a limited
set of possible changes to the data base to be carried out
and automatically maintains the pointers and other access
data that are needed. In fact one cannot conceive a data
base surviving long without the standardising influence of a
DBMS.
*Data Independence
After a computer system has been installed, the users
frequently generate a stream of enhancement requests. Let
us consider the common request for additional data to be
captured and added to the reports. As application programs
contain a full description of the data on the files they access,
any changes to the file must be reflected in every program
reading it. So the simple request to add a little additional
descriptive data to, say, a product master file may result in
a great number of programs having to be modified. This
problem can be overcome if each program contains only
a list of the data it needs. The DBMS with a directory of all
data stored on the data base can then carry out the retrieval
function. Ideally the application program need know
nothing about how or where the data it wants is stored.
Such an approach will insulate programs from changes to
data formats. This is called data independence.*
*Overcoming data vulnerability problems inherent in a data
base
Integrating data into a common shared data base
creates a number of problems and intensifies the signifi
cance of some existing ones. The chief problem areas
concern the vulnerability and security of the data. Vulner
ability of data to corruption or loss has always been a
significant issue, but under the old approach of sequentially
organised application files any loss or corruption was
isolated to one or two files and could be readily rectified by
re-running the job. With all the data together the exposure
to the risk of partial or total loss rises dramatically. And
because one transaction to the data base may result in a
large number of separate updates of both basic data
elements and pointers, the effects of corrupted data could
rapidly result in a problem of epidemic proportions, and
present a difficult recovery problem if plans have not been
carefully laid.
It is important therefore that great emphasis be
placed on the control and integrity of the data base through
appropriate features in the DBMS. It is estimated that over
half of the code in IBM’s DBMS, IMS/VS, relates to error
recovery and restart procedures.
Just as the data base poses problems of ensuring data
integrity, it poses a complex problem of ensuring data
security. That is, preventing unauthorised access. When a
data base is shared amongst all users there will be parts of
The Australian Computer Journal, Vol, 11, No. 1, February 1979
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the data which are regarded as much more confidential than
others. For example, many people in an organisation may
require access to employee name, address, internal phone
number and office number. However, stored alongside this
data may also be employee history and salary which is
regarded as private by employee and employer. Safe
guards need then to be provided in the DBMS to limit each
user to those parts of the data base to which he is
authorised.
3.

THE PRESENT PICTURE
We have presented most of the objectives of a DBMS
and discussed the problem areas and needs that stimulated
DBMS development. These included first order objectives
like data relatability and data sharing and second order
objectives to overcome unwanted side effects like increased
data vulnerability introduced by the solutions adopted to
satisfy the first order objectives.
This section presents an overview of the architecture
of a DBMS and introduces a discussion of the shape of the
data model, which is the focus of keenest current research
and debate.
3.1

Data Base System Architecture
A general conceptual model for a data base system
can be drawn as shown in Figure 1.
The data Sub-Model allows each application program
to describe its own limited view of its data needs. These
views for separate applications may be quite different. For
example, the accounts receivable system may wish to view
sales data as sequential records with customer name and
address followed by invoice data. On the other hand, a
15
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marketing system may be geared to accept sales data in
product code sequence. The data sub-model module
performs a mapping function to translate from the general
data model into the appropriate data sub-model.
The data model (DM) expresses the general logical
(user oriented) structure of the data in the data base. Date
(1976) makes the point that to the user the DM is the data
base. By means of the data model the layout of each record
type is described and the logical relationships between data
entities are expressed. For example, a sales transaction has a
logical relationship to a customer and a logical relationship
to one or more products.
The physical model (PM) relates the logical model to
the actual storage of the data. It contains information
necessary to physically find, read and write data. It includes
aspects such as pointers, indexes, block size, representation
used for characters, integers and floating point numbers,
access method, etc.
The data base management system (DBMS) controls
all access to the data base. It accepts the data request from
the user program, interprets it, handles the various mapping
functions to access the stored data. In addition, it performs
the necessary security check and ensures the integrity of
the data base by carrying out data logging.
Not all the modules shown in this architecture are
necessarily present in any one DBMS although a data model
must be included. The simpler systems generally do not
provide for a data sub-model and have the essential features
of the physical model included in the data model. We will
cosider various structural forms for the data model in the
next section.
3.2 Data Model Alternatives
The rapidly developing field of data models is the
scene of considerable debate, centred principally on the
three models, the hierarchical, the network and the
relational model. Despite a very large amount of data model
research effort, particularly recently on the relational
model, no consensus exists today as to the best model.
We will postulate a simple data base in order to
facilitate a brief description of each model. The data base
consists of three types of entities; customer, product and
order:
CUST = CCUST#, CUSTNAME, ADDR,.......... >
PROD = <PROD#, PRODNAME, ,.................... >
ORDER = CCUST#, jPROD#, QTY},.................>
< > designates a set or record
|
j- designates a repeating group in a record.
We note that each customer may have many orders
outstanding and each product may be contained in many
16

orders. This is a typical example of a many-to-many
relationship: a customer may order many products and a
product may be ordered by many customers.
The hierarchical data model has developed from data
storage and handling techniques commonly used for
sequentially organised files. It is popular for this reason and
also because IBM’s major DBMS Information Management
System (IMS) used this data model. With it there is minimal
distinction between the data model and the physical model.
The data base example is represented as a hierarchical
model in Figure 2.
Bloggs Pty Ltd (CUST#C1) has ordered 15 units of
part P5 and 12 units of part P7. Sam has ordered 8 units of
P5 and 5 units of P6.
In the hierarchical representation shown customers
are superior to products. To access a product record it is
necessary to specify the customer to which it belongs. To
prepare a list of the products on order to a particular
customer is a simple task when customers are the “owner”.
Flowever, to list all the customers who have ordered a
particular product requires a more complicated procedure.
We note here that had we chosen products as superior to
parts the opposite situation would apply for the two
listings. This asymmetry is at the root of the problem of
using the hierarchical model for many-to-many related
data. For genuine hierarchically related data (one-tomany) the model is obviously well suited.
This problem of the hierarchical model is overcome in
the network model; the approach embodied in the
CODASYL Data Base Task Group Proposal. The nodes in
the network model are the individual record occurrences of
data entities. The directed arcs from a node form a chain of
the link record occurrences related to that starting record
node. An example, Figure 3, should make the concept
clearer.
The customer records and the product records of our
example are shown in the diagram. Each of them is the
starting and finishing point of a directed graph whose nodes
are the so called link records. Thus, both customer C1 and
product P5 are linked to a link record with 15 the quantity
of P5 ordered by C1. The link records form the basis for
the connection between customers and products. In the
model they are intelligible only in terms of the customer
chain and the product chain in which they are participating.
Entry to the data base may be either from product or
from customer. Let us pose the same question raised for the
hierarchical model. To prepare a list of the products
ordered by customer Cl, the program would request entry
to the data base at C1 and follow the linked list of its link
records. As each C1 link record is encountered the program
would need to follow its product link to find its product
owner before returning and traversing the C1 list to the
next C1 link record. A symmetrical procedure would be
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Figure 3
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followed to prepare a list of customers ordering a particular
product.
Thus the network approach permits symmetrical
procedures to answer symmetrical questions. The price that
is paid is the time complexity of traversing links to find the
owner. Obviously if this listing must be frequently
performed we could at the cost of some redundant data
reduce run time by arranging for the owner’s CUST# and
PROD# to be included on each link record. But implicit in
the network model is the idea of traversing links or
“navigating” in the data base in order to access data.
Since the links represent physical pointers in the data
base the network data model contains some of the key
aspects of the physical model. It needs to be observed that
this transparency is a real benefit to the application pro
grammer enabling him to anticipate what is happening at
the storage level when issuing data base commands.
The relational data model has its origins in the realm
of mathematics. It springs from an attempt to define a
fundamental theory for the structure of data that will
enable data manipulations and indeed data processing
systems to be expressed with the same rigour and ease that
a mathematician enjoys when using, say, matrix algebra.
The matrix product A x B or the matrix inverse A-1 can be
simply defined and are widely understood, even though
their calculation for a large matrix may be quite complex.
Most mathematicians or engineers needing to perform this
calculation can utilise the computer quite unaware of the
procedure used by the machine to arrive at the result. On
the other hand, the commercial application systems
developer, not armed with a suitable theory and
vocabulary, needs to specify, in a very fundamental way,
the procedure to be carried out on his data.
The relational model seeks to propose a suitable
theory and vocabulary. It is based on a fixed length record
type for each entity. Thus, for our example we have three
relations or tables, shown in Figure 4.
All data is conveyed by means of the tables: There
are no pointers and no owner records. This means we are
only dealing with one type of data. The fixed nature of the
relation means that an algebra of operations can be defined
on the whole relation in much the same way that matrix
operations are defined on the whole matrix.
Data bases set up using the relational data model have
been used for some time in universities and research estab
lishments but there are no serious offerings in the
commercial market.
The physical model is quite distinct from the data
model in most of the implemented relational data bases. In
at least one such implementation the physical model is
network based and in another it is hierarchically based.
Since the relational model is confined solely to the
information in the data, with most present implementations
it gives no clue as to how the data is stored, how data is
efficiently accessed and how relations are manipulated. To
the casual user this represents a benefit while to the experi
enced programmer desiring to manipulate data efficiently it
is a significant drawback.
Perhaps widespread use of the relational data base
will have to wait until hardware is available which permits a
transparent implementation. By this we mean one which
eliminates the need for the unseen physical model of the
data by fusing the physical model into the data model in
much the same way as the CODASYL approach. One way
to implement a data base with no indexes, no linked lists
The Australian Computer journal, Vol. 11, No. 1, February 1979
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and no pointers would be to use storage devices capable of
being addressed by their contents (content addressable
memory or CAM). This provides a facility which can be
likened to a speaker standing in front of a group of people
and asking Jones to stand up. Jones is addressed by and
responds to his name. CAM devices have existed for some
time, being first used in very early virtual memory
machines, but their unit cost is very high. One can immedi
ately perceive the independence CAMs would give the
DBMS designer, freeing him from the necessity to maintain
location fixing information for accessing purposes.
Cheap CAM devices or other hardware devices
enabling an efficient and transparent relational data base
implementation do not appear to be forthcoming in the
near future, despite the significant advantages they would
confer.
4.

MAKING THE DATA BASE DECISION
This section presents what we believe to be some of
the main factors to be considered by the organisation
thinking of adopting the data base approach. The decision
problem is clouded by the rapidly evolving computer and
data base software technology, by often a less than satis
factory grasp of data base concepts on the part of the
decision maker, and by the confusion engendered by a lack
of consensus amongst the experts on the right design
approach.
Except in special circumstances, a DBMS should not
be considered in isolation of the potential impact of
adopting the data base approach. This means that the
DBMS cannot be viewed as just another piece of software
and its choice left up to the computerniks subject to the
usual expenditure guidelines. The adoption of the database
approach, or in popular parlance “going data base”, has
organisation wide implications on data availability,
accessability, security, integrity, maintainability and future
systems costs. Those who have started to implement data
bases and have decided to retreat have found pulling back
more expensive than the advance! It is a decision of
fundamental importance to an organisation because of its
possibility for far reaching strategic impact — both
positive and negative.
DBMS’s vary considerably in the facilities they offer,
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the data relationships they can easily handle, their complex
ity, and in general the user objectives for which they have
been chiefly designed. For example TOTAL, one of the
more popular DBMS’s does not provide the same flexibility
and range of options as DMS 1100, but is less complex and
easier to learn to use. Selecting the best or couple of best
DBMS
alternatives starts with
understanding the
organisation’s data relationships that are required to be
reflected in the data base, and the data base facilities
required. This selection, the work for which is carried out
by the e.d.p. systems analyst, is extensively discussed in the
literature; see for example, Palmer 1975.
We will not comment on this facet as we are
concerned with the decision whether to establish a data
base, which we believe must be made by upper management
after initial selection of a DBMS alternative or alternatives
has been proposed by the system analysts. As with other
decisions of this kind it is essential to success that there be
a wide base of commitment encompassing the e.d.p. and
user groups and upper management. Benefits have to be
widely perceived to be significant to generate the necessary
level of commitment.
One of the inputs to this decision is the result of a
cost/benefit analysis. In the next two sub-sections we will
examine the areas of benefits and the areas of increased
costs. We will argue that since quantification is so difficult
and the impact of the decision so widespread that senior
management needs to participate closely in making the
decision.
As DBMS vary so considerably in the facilities they
offer, the discussions of benefit and cost areas is necessarily
kept quite general. It is, however, aimed at the systems
offering a fairly full range of data base management
facilities.
Benefits
The most commonly cited benefits of the data base
approach include:
*
improved scope and facility for management control
of the data resource,
*
increased
application
programmer productivity
through a standardised high level data access language
and improved data relatability,
*
reduced maintenance of application systems largely
arising from improved program/data independence,
*
decreased storage requirements from reduced data
redundancy,
*
standardised and improved data security and
integrity,
*
more rapid and cheaper facility for producing answers
to ad-hoc enquiries.
Management Control
The importance of data as a key resource of an
organisation is well recognised. Not only is a considerable
amount of money represented by its acquisition, processing,
storage and reporting, but more importantly its loss or
corruption may expose the organisation to grave danger or
even jeopardise the organisation’s continued existence.
Data is too important to be left to the technicians. It needs
to be managed in a co-ordinated, controlled and systematic
fashion. This may be difficult to achieve with the appli
cation file approach to storage, and the problem is made
worse by uncontrolled data redundancy and inconsistent
standards applied to data capture and editing. By adopting
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a data base approach the problem is forced out into the
open where it cannot be avoided any longer, and manage
ment of the data is facilitated through the consolidation of
the data, through the DBMS and implemented generally
by a data base administrator (DBA), who has the responsi
bility for this role. Early enthusiasts saw the DBA being
drawn from general management ranks and fulfilling
a key role in the top management hierarchy of the
organisation. After all, he was seen to control a resource as
important as money to the life of the organisation. In
practice, few organisations have followed this line and the
DBA is typically an ex system analyst reporting to the
e.d.p. manager.
The DBMS itself aids the management function by its
standardised approach to data storage and retrieval, and
the explicitness of the data structures modelled, if the
DBMS comes with a data dictionary this management job
may be further assisted.
However,
there are certainly non-data base
approaches which should be investigated to determine how
well they satisfy the data management objectives. The best
non-DBMS approach may well do this at a lower cost and
with less upheaval and change than that introduced by a
data base.
Programmer productivity: The ability to include what
were previously a set of independent application files into
the one data base and to relate data items across different
areas of the data base, is often cited as the chief benefit of a
data base management system. In practical terms this
facility should result in not only easier application pro
gramming but also in easier writing of special search or
enquiry programs.
To the best knowledge of the authors no well docu
mented case has been established for either a theoretical or
practical increase in programmer productivity arising from
installation of a DBMS. EDP professionals with experience
in data bases appear divided on the question of productivity
gains. Typical of the proponents is Gerald Huhn of B.F.
Goodrich Chemical Co who maintains (Huhn 1974) that
programming and debugging a data base system takes
20-25% less time.
However, measurement of programmer productivity
is so difficult that a large increase would need to be realised
in order to be established as due to the data base manage
ment system. For example, with unchanged technology
programming time and effort estimates are frequently out
by 50%. Thus the productivity gain from a DBMS would
need to be considerable in order to establish a cause and
effect relationship.
Australian e.d.p. executives appear to be generally
fairly sceptical about claims concerning increased
productivity; similar claims have been made for software
products in the past.
The upshot is that it may be prudent to disregard
any financial benefits arising from increased productivity
until a sounder case can be made for their inclusion.
Reduced program maintenance: Given the very
substantial commitment of effort required to maintain
existing applications in most organisations, a reduction of
effort here would produce worthwhile savings. However,
due to the long time frame and rapidly changing environ
ment it is doubted that we will ever be in a position to
validate this class of savings. But unless the logic of
program-data independence is at fault, it is hard to imagine
that benefits will not be realised in this area.
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A starting point in its quantification would be an
analysis of total application systems maintenance effort
over the past couple of years. Maintenance required because
of lack of data independence should be able to be identified
and an estimate made of possible savings that might have
arisen had a DBMS been in use. It would then be necessary,
using this figure as a guide, to project savings forward.
Reduced data redundancy: With rapidly declining
storage costs, the chief impact of reducing data redundancy
is not just less storage costs and less cost for updating but
more importantly the reduced likelihood of inconsistent
data values for the same entity. However, reducing data
redundancy needs to be viewed from a total systems
standpoint as significant processing efficiencies may be
realised by making use of some data redundancy. One large
Australian insurance company designed a data base system
incorporating 12% additional storage space for redundant
data so as to improve processing time.
The emphasis then is on controlling data redundancy
in the design phase in order to develop the most cost
effective system. Additionally in some applications redun
dant data may be stored to improve data security.
How then do we quantify the ability to more easily
control data redundancy?
A starting point is an estimate of the present cost of
data redundancy. Only if this appears to be a significant
sum is it worthwhile examining this area further. It may
well be that the processing advantages conferred by data
redundancy often render this savings area relatively
insignificant.
Data integrity and security: Australian e.d.p.
executives seem to view improved and a uniform approach
to data integrity as affording the chief source of DBMS
benefits. However inherently from a systems view the data
base approach presents greater vulnerability of data to
corruption and unauthorised interrogation with these draw
backs being overcome by the DBMS incurring the cost of
additional software overhead. For applications that are
amenable to simple file structures it would appear that a
satisfactory level of data security and integrity could be
achieved more easily using a non data base approach and
installing satisfactory e.d.p. standards.
Ad hoc enquiries: Many of the DBMS’s on the market
today support a very high level language for data base
interrogation and report formatting. It is believed that it is
in this area that the most significant benefit of a DBMS is
realised. With the data base containing all the organisations’
data the range of queries is limited only by data itself. The
difficulties mentioned earlier encountered by the Australian
chemical company unable to compile a list of purchases and
sales to a number of corporate entities would in all
likelihood not have arisen had a DBMS been used.
We believe there exist a number of trends which will
give rise to a greater proportion of reports being prepared
using ad hoc type reporting systems. Perhaps the two
chief trends contributing to this scenario are the reducing
cost of computers and the accelerating numbers of requests
for report modifications arising from an increased rate of
change of the corporate environment.
The data base approach is best able to handle ad hoc
reporting because of the minimum of assumptions that have
been made in structuring the data. No artificial boundaries
exist between data entities such as are experienced in a file
oriented system. Thus all the organisation’s data is immedi
ately available for interrogation.
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Putting a value on this benefit, which is believed to be
very organisation dependent, would be difficult.
Costs
Just as many of the benefits elude easy quantification
so, too, do the costs. Some, though, may be easy to
quantify and include training costs, additional new
employee orientation costs, systems overheads and systems
programming overheads. Intangible costs concern primarily
the additional system complexity resulting in added
burdens thrown on to the systems analyst, a demand for
more highly skilled staff, and additional potential problem
areas that need to be investigated when an error occurs. An
important consideration, if a manufacturer’s DBMS
software is used, is the potential reduction of future
flexibility to change computer manufacturer. Forum
participants with experience in data base systems felt they
had
grossly
underestimated
familiarisation,
design
introduction and conversion costs.
Tangible costs
The need for a data administrator in a data base
environment is largely a product of the new environment’s
greater complexity and reflects the need for greater central
coordination of data. .The functions of data base design,
application system consulting, data base training and DBMS
education carried out by the data administrator are pre
dominantly an e.d.p. department overhead directly caused
by the decision to introduce a data base. Typical of the
tangible costs which need to be evaluated are, initial
training, DBMS systems programmers and maintaining,
distributing and digesting DBMS manuals and updates.
Systems overheads come in two forms. One is the
main memory utilisation; the cost of this overhead is
reasonably straightforward to estimate and is generally in
the range of 20-100K characters. The other is less tangible
and concerns the additional work done by the hardware in
maintaining the data base links, interpreting the data
manipulation language commands and additional house
keeping work. It would be very difficult to establish the
extent of this overhead without programming the
application with and without the DBMS and making a
comparison. A typical estimation is that DBMS overheads
add about 30% to machine utilisation.
Intangible costs
The intangible costs are caused by the complex
nature of the DBMS, additional testing and debugging
difficulties and the fact that the DBMS imposes the need
for greater centralisation of data administration. Since at
the programmer level there is often not full awareness of
the nature of the data base and the impact of seemingly
innocent instructions in modifying data relationships, the
analyst is frequently encouraged to specify for the
programmer the data base/program interface. This includes
specification
of
the
data
manipulation
language
instructions, data base area protection required and access
path to be used. The analyst needs to play a dominant role
in the harnessing and wise use of the greater accessing
power conferred by the DBMS.
When an error occurs in the run using a data base
system, there exists one extra possible location for the
problem — the DBMS itself. Maybe this is a transitional
problem until the software has been used sufficiently to
uncover the bugs. In the meantime, it does complicate the
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operations environment, causes greater system downtime
and requires DBMS trained systems programmers. The
increased problem of program testing and debugging is
frequently cited as a significant cost area by data base users.
Typical of the increased costs is the necessity seen by some
organisations to develop and maintain a test data base both
to test new data base applications and new releases of the
DBMS. This problem is particularly acute where the data
base is being updated in real time.
It is difficult to assess the intangible costs arising
from the loss of system portability due to adopting a
machine manufacturer’s DBMS. Changing equipment manu
facturer may be an expensive undertaking even when
programming in a so-called standard high-level language
such as COBOL. It may become a correspondingly more
complex business when using a piece of proprietary
software only available on one brand of computer. Lack of
portability is amplified by the unstable and developing
character of the DBMS and computer equipment field. For
example, if (and it’s a big if) relational data bases are shown
practically to be as good as their proponents claim, then
CODASYL-type systems would be superseded by third
generation systems. The conversion costs may be able to
be deferred through the use of CODASYL emulators but
certainly at a cost.
The Decision
The majority of the benefits and costs incurred by
implementing a DBMS are difficult to quantify. This is
not to say that a rough order of magnitude figure cannot be
put on them. But it is felt that the fuzzy nature of them,
and the relative lack of hard data militates against placing
too much reliance on the numbers.
The kinds of organisations who appear most likely to
be able to benefit from adopting the data base approach are
those with highly complex data relationships which need to
be taken into account in the decision making of the organi
sation. For example a company with a complex manufac
turing operation involving many levels of subassemblies
would be a likely candidate for a data base system. Many of
their decisions in the planning, scheduling and manufac
turing control of their product range would necessitate the
ability to model their complex data relationships. Thus we
see Ford Motor in the USA with 10% of their data on
data base which does not include any financial data.
Another good example of a likely data base application is
the data for a large personnel system. This would be likely
to contain quite complex data relationships involving
people, departments, programs (maybe involving people
from several departments), skills, education, pay, leave, etc.

The Australian Public Service Board’s mammoth Mandata
project is an example on a grand scale of this kind of data
base application.
The experience of some of the Australian companies
who have decided to "go data base” indicates that the
decision is felt right across the company. A DBMS is
anything but 'just another piece of software’. Its effect is
far reaching because it involves a significantly different
approach to storing and accessing data. It impacts users,
systems analysts, programmers and e.d.p. operations, and
its learning curve may be gradual.
These points lead us to the conclusion that the
senior management of the organisations considering moving
in the data base direction should be involved in the
decision. The message that came through from the Forum
session on DBMS’s is that as quantifiable gains from a
DBMS are difficult to establish and are suspect, there needs
to be a quite compelling case made for the benefits to be
gained from a DBMS, as the costs will be not inconsiderable,
even if software and training is given free.
In time, as experience is gained with data base
systems and the results of the current high level of data
base research hits the market place, we will know consider
ably more about DBMS benefit areas and have better
DBMS software from which to select. If an organisation can
wait a few years before making the decision, many of the
current question marks will be resolved. So the alternative
of WAIT deserves careful consideration.
Where the alternative of introducing the data base
approach does appear warranted, the FORUM participants’
experience is overwhelmingly in favour of designing very
simple data schemas and deliberately utilising only the most
straightforward of the DBMS facilities. This requires careful
control of the e.d.p. group who naturally enough are eager
to experiment with and use the fanciest new constructs
available in the package.
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Science — Theoretical Computer Science 3rd Gl Conference,
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This book is the proceedings of the Third Gl Conference on
Information Theory which was held at the Damstadt Technical
College in March 1977. The Conference followed on from previous
conferences on Automata Theory and Formal Languages. The
book contains a total of 33 papers of which only 12 are written
in English. Most of the papers are concerned with the problems
of lower level computational complexity and algorithm analysis.
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Some significant results presented in the book include the specific
ation of upper and lower bounds on the complexity of Boolean
functions, a polynomial-time test for the deadlock-freedom of
computer systems, and an algorithm for the computation of the
transitive closure with linear expected time. The book cannot be
regarded as being of any general interest to academic computer
scientists. However, for the specialist, it does shed further light
on the problems that researchers are currently experiencing in the
field of information theory.
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Systems Analysts and Cultural La;
K.S.Pope*
The cultural lag theory of anthropologists is applied to the role of the systems analyst. Changes
in technology foreseen are related to the position of the end-user and his increasing significance in the
determination and use of computer systems. The effect of increasing specialisation for data base and
communications operations is discussed. It is suggested that such changes emphasise the need for the
separation of the analysis from the design functions, and that the conventional systems analyst must
abandon analysis in favour of design to survive.
Keywords and phrases: systems analysis, applications, technological change, end-user.
CR Categories: 2.1,2.2.

1.
1.1

PHILOSOPHICAL APPROACH
Cultural lag
The anthropologists have a way of putting things.
Taking the meaning of “culture” to be everything acquired
by man which is not physically inherited, it has been said
that the existing values and philosophies which apply
within a society are never the first concepts to change in
any period of cultural development, but always the last.
And, more significantly, that shifts in attitudes take place
only after major changes have occurred in the technology
available. It is said that an invention in one part of a culture
which introduces an advance in technology will bring about
an adjustment elsewhere: the adjustment not taking place
simultaneously with the development, but only after a
significant interval. This delay has been called “cultural
lag”.
The extent of the delay may be critical. “When a
significant invention occurs in one part of a culture, the
balance is disturbed; change is set up in the other related
parts as a process of adjustment to the new invention. Thus
social evolution goes forward by inventions which produce
a disequilibrium in society, which in turn then sets up
forces which seek a new equilibrium” (Ogburn, 1950). The
rates of change may differ between the various parts of
society. The duration of the period of disequilibrium
depends on the extent of the cultural lag. The ability to
recognise the effect of technological development and to
adapt to the adjustments which result should be a material
factor in survival in a particular environment.
1.2

Application to the systems analyst
Anthropologists use the term “technology” in the
broad sense of “means of safeguarding or enhancing the
productive capacity of a society in relation to its needs for
resources”. If a narrower view is taken, so that its meaning
is restricted to the modern usage of “the application of
techniques derived from scientific knowledge or practice”,
the cultural lag theory can be used in considering many
different activities.
The purpose of this paper is to consider the appli
cation of the theory to the work of the systems analyst
in computing; to indicate the technological advances
which must bring about adjustments in his culture during
"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
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the 1980’s; to consider the nature of those adjustments;
and to discuss the possible action which the systems
analyst must take if he is to adapt to the adjustments in
time.
1.3 Why the systems analyst?
The choice of the systems analyst for this study
rather than, say, applications programmer, systems
programmer or installation manager can be justified on
at least three grounds. First, the systems analyst has always
played a key role in the development of computing.
Second, the analyst occupies a unique, pivotal,
position in most formal organisation structures which
support the planning and implementation of computing:
he is the recognised leader at the tactical level, and he is
also most commonly a focal point in the professional
development structure for computer personnel. Most
programmers aspire to be systems analysts; most project
managers and installation managers have been systems
analysts.
Third, of all participants in computing the systems
analyst is the one most at risk where technological
development is concerned. More than any other is his
work concept-oriented, so much so that he is in fact
concept-dependent. This is not so for all computing
personnel. New techniques in programming, new user
interfaces achieved through systems software, new forms
of hardware — such innovations as these can generally
be assimilated by the existing staff of programmers,
software specialists and operators at a technical, practical
level, even if a high degree of technical skill is required
for their successful introduction. But the advent of new
forms of computing, of new kinds of user needs to be
met, of new social attitudes towards computing, of the
transfer into computer technology of scientific principle
either new or heretofore overlooked — developments of
these kinds impact directly upon the systems analyst
because they involve new concepts. His effectiveness
depends upon his ability to assimilate, understand and
apply the new concepts involved. And also, it must be
said, upon his ability to free himself from the restraints
imposed by existing attitudes.
2.
2.1

ON BEING A SYSTEMS ANALYST
Definition of a systems analyst
There is reasonably widespread agreement as to the
work of the systems analyst, but there is no precise
definition of duties which meets all circumstances. There
is no standard definition. The concepts of what a systems
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analyst should (or should not) do; of what constitutes good
performance or bad; of the relationships which apply
between systems analyst, programmer, management, users,
the public — these concepts are likely to be well-known to
every computer practitioner, but always within the
constraints of his own workplace, of the values held by his
peers and of the operational characteristics of his own
environment.
Published definitions are not helpful. They range
from the sublime —
“the systems analyst performs four distinct tasks in
his work. They are:
1.
Analysis of requirements
2.
Analysis of existing systems
3.
Design of an automated system
4.
Justification of an automated system”.
(Grindley, 1975)
through the wildly optimistic —
“The disadvantage of setting down a list of qualities
required for any job is that no one person can ever be
found who possesses them all. However, it is worth
while to recognise those attributes which the job
demands, even if as an individual we do not consider
that we have every one. With systems analysis it is
highly probable that most of those the trainee lacks
at the beginning will be acquired as his experience
grows.”
(Daniels and Yeates, 1974)
to the essentially practical —
“Although there is no generally accepted job des
cription for the position of systems analyst the
job basically consists of (1) gathering facts about and
analysing the basic methods and procedures of
current information systems, (2) determining infor
mation needs, and (3) modifying, redesigning and
integrating these existing procedures into new
systems specifications as required to provide the
needed information.”
(Sanders, 1975)
These descriptions are given by specialists in systems
analysis and design. Each is too weak and too vague to be
acceptable.
Excluding systems analysis in the engineering or
ecological sense, it is considered that the following
definition accords more closely with the real-life situation
in which systems analysts work —
a systems analyst is one who, after appropriate
training and with appropriate experience, participates
in:—
(1)
the ascertainment of suitable computer projects
according to pre-determined criteria within a
defined organisation;
(2)
the analysis of the information processing needs
of those projects, including the evaluation of
methods and procedures currently in use and
definition of the constraints applying to the
environment;
(3)
the specification of the needs discovered in (2);
(4)
the design of systems to the specifications
prescribed in (3), including computer and non
computer sub-systems;
(5)
the implementation of the systems from design
through to successful cut-over;
(6)
the documentation of systems designed and im
plemented as above; and
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(7)

the maintenance and post-implementation audit
of such systems.

2.2 The separation of design from analysis
Two points may be distinguished in this definition.
The first is that “participates in” does not imply that the
analyst necessarily takes part in all the activities listed, nor
does it imply that in order to take part he must be a
member of any particular organisational structure. He may
thus act entirely as a one-man team (and in the smaller
commercial concerns often does so); he may lead a single
purpose, dedicated team; he may be a leader or member of
a project-oriented activity.
The second point is much more significant; a clear
distinction can be made between analysis and specification
(items (1) - (3)), and design and implementation (items
(4) — (6)). Persons outside computing rarely appreciate
this. The outsider tends to see analysis and design as a
continuum, but the more skilled systems analyst is well
aware of the discontinuity between them. There are many
reasons why the outsider should think this. The first
generation of computer users essentially consisted of endusers who had application problems. They had work to do,
and they thought the computer could assist them. To solve
these problems they had no alternative but to become the
equivalent of composite analysts and programmers if they
were to make any progress at all. And the practice of using
“people who understood computers” to evaluate an
environment and prepare a computer scheme became the
accepted thing, “became embedded in concrete; thousands
of recruits to data processing . .. have come to regard this
practice as a divine right bestowed upon them by the
mystical manipulation of symbols”. (Croisdale, 1977)
But as the area of application widened two difficul
ties became apparent: first the scope and depth of analysis
required for even problems considered to be simple proved
to be much greater than envisaged; and second, the need to
deal with people, to take account of such tiresome traits as
“inability to communicate” and “resistance to change”,
assumed considerable significance. Recruits to systems
analysis for commercial systems were then sought and
found in the fields of Organisation and Methods, work
study and cost accounting in the belief that these
disciplines had at least part of the experience required. The
value of these imports was unquestionable. They excelled
in the human problems of interviewing, procedure analysis,
and proposal submission, as well as in fact-finding and
documenting.
Despite the gradual emergence of formal training in
systems analysis from the late 60’s, the recruitment of
systems staff from the ranks of office organisation and
procedural specialists persisted. It was still possible to say in
1975 “systems analysis is in fact an extension of traditional
problem-solving disciplines which have already been used in
the business area. However, the very fact that systems
analysis uses the approaches of the mathematician, the
psychologist, the economist and the O and M man gives rise
to the need for the separate discipline of systems analysis”.
(Bingham and Davies)
This view is still held today by many systems
analysts, employers, academics, and so on. The marked
absence of emphasis upon design as compared with analysis
seems to pass unnoticed. Why should it be assumed that
analysis and design are satisfactory bedfellows? Could it not
be that their combination into the one role results in a
The Australian Computer Journal, Vol. 11, No. 1, February 1979
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dilution of skills, so that neither one nor the other will be
done to best effect?
Two assertions are made, therefore —
(1)
under present conditions the investigation,
design and implementation of computer
systems would be improved by the complete
separation of analysis from design in the role of
the systems analyst, with the concentration of
computer-trained personnel upon design only.
(2)
the technological developments discussed in the
following section of this paper are likely to
create conditions which will bring about this,
separation in the future in any case.
Assertion (2) argues in effect that the developments
concerned will bring about disequilibrium, and that from
this there must occur a change involving a major shift in
current attitudes.
Before these developments are
considered, however, it is relevant to ask how sensitive is
the systems analyst to change?
2.3

The sensitivity of the systems analyst
The systems analyst is working in an era characterised
by innovation, uncertainty and accelerating change. In this
he is no different from his contemporaries anywhere. But
the analyst is himself an instrument of change par
excellence — is he more sensitive to change as a result? If he
is, of course, then he will be better equipped to meet the
adjustments required for the future, and therefore less
likely to be overwhelmed by change.
Unhappily it is most unlikely that he is more
sensitive. Comments on the psychology of the systems
analyst are beyond the scope of this paper, but there are at
least two major reasons why the analyst is likely to be
insensitive — (1) his conservative outlook, and (2) the
restrictions of his working environment. There is an
inherent conservatism in his work which is frequently over
looked. It springs directly from the necessary devotion to
the cycle of analysis of requirements — specification of
design — implementation of system — review of
performance. The theory is that all possible credible
solutions are taken into account at the design stage, so that
optimum systems specifications must result. The training
and experience of the systems analyst thus lead him to
place an extremely high value upon the sanctity of the
systems specification. This must be so — the systems
specification is the documentation of the high level design
of the entire system, including (computer) hardware, soft
ware, operational, and (non-computer) office equipment
and personnel, sub-systems; designed to the point where
programs and procedures may be defined, hardware and
office aids ordered, and the training and recruitment of
personnel begun (Hine, Turner and Cashwell, 1974).
Much more could be made of this point, for it has
many implications. The circumstances under which the
understanding of the user is developed to the design stage
merit close examination in most installations. It is signifi
cant, for example, how little use is made by analysts of the
computer to demonstrate the theory of their system design.
Except in the field of communications-oriented systems
and the specialised area of corporate financial modelling,
the construction of formal models is seldom undertaken.
Usually the analyst lacks familiarity with the mathematical
and other techniques required to do this. Thus, while
workers in diverse fields such as climatology, demography
and ecology (where the computer is seen to be perhaps as
The Australian Computer Journal, Vol. 11, No. 1, February 1979

important in this regard as the electron microscope to cell
biology (Weigert, 1975)) have exploited the facility,
systems analysts appear to have little use for it.
Even in the creative stages of systems design the
analyst is often a cautious man; few installations encourage
experimentation, and fewer still advise users to accept risk.
“Do not be a computer pioneer” can still be put forward as
sound advice by management consultants (Bingham and
Davies) — in spite of the fact that computer systems design
could not have advanced one step in the last twenty years
unless some commercial users had dared to experiment.
The second factor likely to inhibit the sensitivity of
the systems analyst is his working environment. While there
may be some truth in the remark that a computer person is
always expert in hardware which is on order but not yet
delivered, it is absolutely certain that one can only bid to
be truly expert in the hardware and software currently in
use in the installation. Under normal circumstances systems
staff design for specific hardware and software; and in
general they are overworked and under constant pressure to
meet deadlines. Because of these pressures (and in spite of
the fact that they are subject to a bombardment of infor
mation from all quarters concerning new developments and
new ideas) — most systems analysts are forced to concen
trate their attention entirely upon the tasks in hand; they
accept with a practical reluctance the fact that their view of
computing is necessarily constrained by the facilities of
their own installation.
To put it another way - one’s own installation is at
best only a very small window on to the world of
computing: and the more production-conscious the
management which drives the installation, the less time
there is in which to look out of that particular magic
casement.
There are many other arguments (turning on such
matters as status, distribution of ages, educational
attributes and adherence to career development paths)
which can be put forward to support the contention that
systems analysts are not likely to be sensitive to the need
for change. They can all be summed up in one simple
statement — systems analysts are oriented towards the
solution, and not the prediction, of problems.
3.
3.1

ADJUSTMENT TO TECHNOLOGICAL CHANGE
The impact of change upon the end-user
The end-user is the raison d’etre of the systems
analyst. It is essential, therefore to see technological change
through the eyes of the end-user, not the analyst. Changes
in the way in which people use computers, changes in the
user requirements which computer systems are called upon
to meet, changes in the social environments in which the
implementation of computing takes place - these are the
catalysts in the situation, not the increases in skill or
widening of techniques which analysts as a class derive from
technological improvement.
The starting point for consideration of the impact of
change on the systems analyst must therefore be the impact
on the end-user.
3.2

Changes in the 1980’s
Even the most casual observer of computing could
not fail to distinguish some trends or pointers in the current
scene which are likely to have significant impact upon the
end-user in the 1980’s. The broad principles of likely
change may be stated with a fair probability of acceptance.
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For the end-user it is argued that they are —
(1)
computers will become much easier to use.
(2)
the integration of computing and communi
cations technology will bring about the pene
tration of most forms of social activity and
social organisation by the computer, and induce
a considerable degree of computer-dependence
within the population.
(3)
as a result of (1) and (2) social attitudes
towards computing will fluctuate between the
desire to impose extreme control, the demand
for the right to be consulted on the content of
systems, and the wish to take advantage of the
physical benefits conveyed by acceptance of
what might be called the emerging “electronic
community-support systems”.
3.3

Ease of Use
The movement towards making computers easier to
use now has considerable momentum, and has been
accepted as a design aim by most manufacturers. It has
three major facets. First, the user interface to the system
will become much easier as the result of the introduction
of new operating systems presenting user-oriented (instead
of computer-oriented) job or system control languages.
Second, there will be increasing acceptance of programming
languages, such as BASIC, RPG and APL which can be
manipulated by “non-installation” trained people, supple
mented by a wide expansion of user-driven data manage
ment software allowing a “natural” access to files through
terminal systems. This latter development will free the user
from the tyranny of the formal structure of data, extending
the scope of documentation and retrieval systems such as
IBM STAIRS and NCC FILETAB: and providing the user
with a more flexible terminal interface in his local environ
ment e.g. extensions of the principles of UN I VAC RPS
1100. The probable integration of full-text word processing
systems into conventional main-frame processing will
enhance these developments.
Third, permeation by communications systems will
bring about a situation where a very much larger proportion
of the population will be familiar with terminals, will know
how to use them, and will acquire the necessary sophisti
cation and motivation to do so. The size and scale of the
computing equipment which lies behind this movement is
to some degree irrelevant: it is the improvement in the ease
of access which is significant. Thus the frame of reference is
wide enough to include the horizontal spread of micro
processor techniques to support a variety of human
activities linked into computing; the use of general purpose
mini-computers for integration of communications and
access to locally-held information; and the use of medium
and large scale installations as information-exchange centres
in extensive distributed processing situations. Each of these
developments will contribute towards changes in the
relationship between end-user and computer system,
directed towards easier access and easier use.
3.4

Integration of computing and
telecommunications technology
In parallel with improvements in use must be
considered the changes likely in communications. The
transmission of information is still seen as a major appli
cation activity requiring a level of hardware and software
expertise appreciably higher than for other applications.
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It is likely, however, that by the 1980’s this will not be so;
it has been estimated, for example, that currently in the
USA the carrier component of transmission costs is falling
at the rate of almost 15 per cent annually, and the
computer component even more rapidly. “In five to ten
years the cost of a communications system will drop so far
that all kinds of applications which seem exotic today are
going to become feasible and attractive” (Ferreira and
Nilles, 1976). While the way ahead may not be so clear in
Australia,
even
there applications involving data
transmission will be commonplace in the 1980’s.
Coupled with this is the corresponding fall in the
cost of computer hardware which will assist the upgrade
of the data base concept into the information exchange.
The ability to move information over diffuse communic
ations systems at low cost, coupled with much easier
human interface into the system at a much reduced cost
for terminal hardware will thus result in the extension of
computing into a very wide range of social activities.
Probably in this environment the role of the computer
systems will be seen more as that of message switching
machines than data processors. By this time the data
manipulation functions of existing computer systems with
their dependence on software for logical editing, data
validation and retrieval techniques will have been replaced
by extensive hardware functions integrated into the
machine architecture — and taken for granted by the enduser.
In this kind of environment the information at last
appears more important than the systems which produce
it. The situation is likely to be that most persons in their
working lives will have physical contact with a form of
computer communications hardware; their contact will
be at a high level of sophistication using speech or graphical
facilities in addition to manual; and their interface with
the generalised system will be essentially synergistic, so
that their local system needs can be expressed by them
freely in the form of logical analysis and exposition in a
non-procedural language and without trained assistance in
the shape of a human systems analyst.
3.5

The emergence of control and participation
While on the one hand the movement towards perme
ation of social activity by the computer is likely to increase
at a rapid rate, it is reasonably certain that the demand for
the regulation and control of information processing act
ivities will also gather increased momentum as a measure
for political reform. While current views on the regulation
of data bases for privacy generally tend towards control
by registration of the owners and maintainers of centralised
bases, supported by sanctions, it is likely that the general
principles of information distribution within society will
be much better appreciated by the 1980s. The social
implications relating to the use to which information is
put, rather than the manner in which it is kept will assume
much greater significance with the widespread use of
terminal facilities. By that time the responsibilities of the
end-user in relation to the dissemination and use of inform
ation gained from a computer network will have been
clearly established, and are likely to be much more rigorous'
than now conceived. The effect must be to raise the sig
nificance of the role of the end-user, which will in turn
cause the end-user to look for more responsibility in
system definition, in view of his increased personal liabil
ities.
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Such an elevation of the responsibilities and duties
of the end-user must impact the role of the systems
analyst. His role will be further impacted by legal support
for participation by users, and perhaps consumers, in
computer systems design. The effect of what is loosely
referred to as “industrial democracy” upon the develop
ment of computing is outside the scope of this paper. The
point must be made, however, that, if current trends in
industrial society in Europe, and, more recently, U.S.A.,
are continued, it is likely that the participation by the
work-force in the design of systems to be operated by
them could be a generally accepted and approved political
principle in western societies within the next decade.
The movement towards “systems design by con
sensus” is only one aspect of a much wider social concept,
that of improvement of the quality of life. Nevertheless
it is likely to be a most important influence on the role
of the systems analyst in the 1980s. Essentially, con
ventional systems analysis leans towards hierarchical auth
ority structures in systems implementation for greatest
computer efficiency, and this tendency is likely to en
counter increasing opposition in the workplace.” . . . life
will not become easier for employer, union, employee
or anyone else engaged in industrial relations. Just as in
political life, autocratic structures are simpler to ad
minister than democratic ones. But they are not to be
preferred for that reason” (Kirby, 1977).. Modern forms
of organisation in fact tend towards much looser group
ings of people than before, with less rigid control exercised
over the work-group and the local environment. So far as
the introduction of computer systems is concerned, the
increase in worker participation in system development
must detract from the conventional role of the systems
analyst, particularly where autonomous work groups are
formed within an organisation. In this latter situation the
analyst may be called upon to play a role more consultant
or counselling than executive, and his skill in design will
be seen as much more important than his ability to analyse
and specify requirements — because these skills are more
than likely to be present in others in the group.
The inherent conservatism of the systems analyst
will make it difficult for him to accept these changes.
Little attention is paid to socio-technological consider
ations in computer science courses, or in standard training
courses in systems analysis — except that training in
“human relations”, in interviewing techniques, in handling
conflict, is sometimes included as a means of increasing the
acceptance of the systems analyst and, incidentally, of
improving his skills as a salesman for systems.
In spite of the movement within computing itself
towards autonomous work-groups for programmers (stem
ming largely from Weinberg 1971), the apparent un
structured nature of the new working environment is
likely to prove a difficult pill for many analysts to swallow.
Their instinct leads them to place high value on “bureau
cratic” forms of organisation, and it is increasingly this
manner of organising people which is in question where
the use of sophisticated technology is concerned.
It would be a mistake to conclude that the analyst’s
responsibilities in this area stop short at design and im
plementation. It is now better appreciated that, whenever
a computer system is used to mechanise a dull task, an
even duller one may result for the end-users. In the future,
however, the danger of reduced job satisfaction will be
much greater as the use of computers increases, if only
The Australian Computer Journal, Vol. II, No. 7, February 1979

because of the generally higher levels of education preva
lent: it has been estimated that today about one in every
35 workers in Australia is a university graduate (Niland,
1976) and by the 1980s the proportion of graduates is
likely to be much greater. Yet for some occupations, e.g.,
manual workers in service industries, only minimal educ
ational requirements are set: generally these occupations
are not affected by computers. If such occupations are
excluded, it is clear that the proportion of graduates in
industries which are subject to computerisation could be
much greater again than the ratio expressed above: and
this will lead to increasing difficulties.
The problems for the systems designer in this con
text will not be simply the professional design of an
effective and efficient system — but the wider problem of
creating a socially acceptable system with an acute aware
ness of the problems of man-machine interaction. The
current model of man used by systems analysts, which is
based on a cheerful technical optimism and an assumed
compliance, may well be completely rejected by the enduser in the future (Hedberg and Mumford, 1975).
3.6

Change through the eyes of the systems analyst
Up to this point discussion has been directed towards
changes which affect the end-user, and then flow-on to
the systems analyst. It is necessary now to consider changes
which, although ultimately of consequence to the enduser, have their initial impact upon the analyst. These
arise in the areas of data base operation and distributed
processing.
In both of these instances it has been apparent for
some time that specialist computing staff are required for
design and implementation, because of the complexity of
the subject matter and the difficulty of applying the
techniques. The skills and experience required go far
beyond those ordinarily held by systems analysts, although
analysts must necessarily have some understanding of the
concepts involved. The work of the data base designer and
the data base administrator can readily be distinguished in
this way under present conditions. In each case their
work has been lifted out of the general run of systems
development and turned into a separate speciality.
Thus the ordinary analyst is not expected to design
logical relationships across a base; maintain a data dict
ionary; locate the base over physical storage; or design the
transaction back-up procedures to be followed. These
matters have been hived off to specialists: not only be
cause of the highly technical nature of the work and (for
some types of operation) the detailed knowledge needed
of the particular software system, but also because such
work is full-time in itself, and leaves no time for the non
design activities engaged in by conventional analysts.
A similar position obtains in the design of com
munications systems. To take only one aspect, the assess
ment of transaction volumes and traffic densities over a
network and the construction of a plan for the allocation
of terminals and lines demands the application of queuing
theory and an intimate knowledge of the real-time soft
ware modules involved. This work has moved out of the
sphere of the ordinary systems analyst, and is carried out
by specialists in most transaction-oriented environments.
Thus it can be seen that the conventional analyst
is being consciously excluded from design in at least these
two areas. Since these are two in which the most sig
nificant developments are likely to take place in the next
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decade, this exclusion is becoming increasingly serious for
the career prospects of the systems analyst.
4
4.1

CONCLUSION
Future shock for the systems analyst?
It is now possible to pull together some of the threads
which have been picked out in the discussion and to at
tempt a summary of the points of “disequilibrium” which
result from change.
It has been argued that the position of the end-user
will change in at least the following ways:—
(1)
he will have much easier use of computers in
a terminal-dominated environment.
(2)
he will have increased responsibility and lia
bility for the use of data; and
(3)
he will demand significant participation in the
analysis and design of systems.
In addition it has been said that the position of the
systems analyst will be subject to the following influences:
(1)
a preponderance of experience in analysis
and not design;
(2)
the entry of users into analysis up to the
specification of requirements because analysis
will be seen to be a specific feature of particip
ation; and
(3)
the movement of the design functions of data
base and communications away from the
analyst towards specialists.
It is further argued that these two sets of consider
ations must bring about adjustments in the role of the
systems analyst.
4.2

Possible solutions
Many solutions could be put forward to prevent
deterioration in the position of the systems analyst. These
would include, for example, the introduction of a hierarchy
of computer professionals. This would imply that some
activities (e.g. analysis of procedures) are of lesser sig
nificance than others (e.g. file design), which is not true.
Nevertheless proponents of this view hold that the task of
the systems analyst should be limited to definition of the
operational requirements of the system. Thus —
“It is not the task of a professional systems analyst/
designer (sic) to specify how this operational re
quirement is to be met in terms of hardware-software
combinations. It is not his task to draw computer
run diagrams and specify file organisations and
computer programs” (Croisdale).
Thus the design function is to be taken over by a com
puter system professional “using relatively large blocks of
micro-programmed hardware logic”.
This view is not accepted. The critical issue is seen
to be the separation of analysis from design: the first
the analyst rarely does as well as specialists in O and M,
work-study and procedure analysis; the second he spends
too little time on in most instances; and has too little
knowledge, training or experience to cope with the most
advanced systems. In addition, the changes in the role of
the end-user are steadily pushing the interface between
end-user and analyst further towards the point at which
design begins rather than the analysis of requirements.
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Past this point the analyst appears as adviser and con
sultant in design, and executant in implementation. The
designer in fact appears as consultant to the analyst.
Notwithstanding, therefore, the origins of many
conventional analysts, it is considered that analysis should
cease to be regarded as an essential function of the systems
analyst. This would fly in the fact of present thought
on the design of information processing courses in uni
versities and other tertiary level organisations. A major
shift in attitudes should take place within computing,
however, to recognise that analysis and design call for
separate skills and specialised training; that analysis need
not necessarily be part of computing; and that it is likely
to fall outside it in any case in the future. Furthermore, the
employment of personnel trained in computer hardware,
software and operational techniques upon analysis should
be recognised as a waste of resources which will tend to
become increasingly serious in the years ahead. In addition,
unless the need for concentration on the design function
is accepted and implemented, it is likely that the position
of the present-day analyst will be eroded by the end-user
at the one end of the scale and by a new race of specialists
at the other. Thus it is desirable that present-day analysts
should contemplate moving to a new role in which they
consciously abandon analysis, and gradually move full
time into design and implementation only, including data
base and communication operations. This implies better,
more detailed and wider training, and a higher level of
education to enable this training to be assimilated.
How else will they survive?
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INVER: A Program for the Computation
of Distance-measures
between Attributes of Mixed Types
G.N. Lance*and WT.Williamsf
A method for the calculation of inter-attribute distance measures is described. The attributes
are, of course, used to describe a set of individuals. The method can be applied in the most general
case when any or all of the attribute types, binary, numeric, ordinal and multistate nominal are
present. Various precautions have to be taken so that a consistent set of measures is obtained, these
are carefully described. Other measures could be used but quite extensive testing on real data has
shown that those proposed are best in real-life situations.
Keywords: Numerical classification, attributes, mixed-data.
CR Categories: 5.4.

INTRODUCTION
Many data-sets consist of a series of individuals
specified by a number of attributes, which may be any or
all of the types binary, numeric, ordinal or multistate
nominal; and algorithims exist for the calculation of inter
individual distances over such mixtures of attributes.
Occasions arise, however, in which a user wishes to explore
the inter-relations of the attributes themselves, so that an
inter-attribute distance measure is required. For all-numeric
or all-binary data it is only necessary to transpose the datamatrix, when individuals and attributes automatically
exchange roles; analyses based on such transposed matrices
are known as ‘inverse’ analyses (the term is not entirely
appropriate, but is now entrenched in the literature). If the
attributes are mixed in type, and particularly if they
include multi-state nominals, simple transposition is no
longer possible. A solution, but very clumsy, is to regard
nominals as strings of binaries, which are in turn regarded
as numerics taking only the values 0 or 1. This solution was
in fact used by Lance and Williams (1968) in the now
obsolete program MULASS, but the results were
unsatisfactory.
In this communication we outline a set of algorithms
which serve to define a distance constrained between 0
(identity) and 1 (maximum dissimilarity) between any
pair of attributes. A brief account is given of the program
INVER, on the TAXON library of the Cyber 76 in
Canberra, which, given a data-set of individuals specified by
mixed attribute-types and with provision for missing values,
will calculate the upper triangle of the inter-attribute
distance matrix, and write it away for use in further
analysis.
THE DISTANCE MEASURES
It is obvious that, for any data-set containing both
nominals and numerics, some comparisons must be based
on contingency tables, others on the comparison of
“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.”

continuous variables; and we consider two quantities. The
first is c, proposed by Cramer (1946) for a contingency
table of p rows and q columns with N individuals this is
defined as
X2
c=

Zi

N min(p—1, q—1)

The second measure is r, the product-moment correlation
coefficient, defined between two continuous variables x
and y as
r = covarxy/ (varx.vary)1/2
As we have pointed out in another context (Lance and
Williams 1977) we can explore the compatibility of such
measures by appeal to a pair of binary attributes. If such
attributes are regarded as categorizations we can construct
a 2 x 2 table and calculate x2 (and hence c); if they are
regarded as numeric attributes which happen to take only
the values 0 or 1, we can calculate r. The results are
connected by the well-known relation x2 = Nr2; and since,
for binary attributes, c = (x2/N)'/2, it follows that c and r
will have the same absolute value and are in this sense
compatible.
Transformation to distance-measures then encounters
the problem that c is constrained between 0 and 1, but r
between —1 and +1. For a distance based on c we need only
write dc = (1 — c); and a possible transformation for r
would be dr = 14(1 — r). This, however, produces the odd
result for a completely uncorrelated pair that dc = 1 but
dr = Vi. This anomaly can be obviated, at the expense of
some loss of information, if we write dr = (1 — j r | ) or
(1 — r2). We know of no compelling reason for choosing
one of these solutions rather than another, and have elected
to compare them heuristically. Dr. R. L. Burt, of theCSIRO
Davies Laboratory, provided us with four sets of data from
plant introduction material; the attributes were mixed in
type, and such that a high proportion of distances would be
based on r. Inverse distance-matrices were calculated for
each of the four sets using each of the three possible
measures of dr; a minimum spanning tree was computed in
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each of the 12 cases and submitted to Dr. Burt for assess
ment. He reported that 1/2(1 — r) was unequivocally the
best, in that in every case it produced a result capable of
simple and convincing agronomic interpretation; (I — | r | )
was almost as good in one case, less good in the other
three; (1 — r2) was uniformly unsatisfactory, producing
results which were uninterpretable. We have therefore
elected to use 14(1 — r), but it would obviously be a trivial
matter to provide the other transformations if they were
needed.
APPLICATION TO SPECIFIC ATTRIBUTES
The choice of dc or dr is in many cases obvious; but
there are three special cases which require brief
consideration. The first is the comparison of the multi
state nominal with a numeric. For such a comparison we
‘chop’ the numeric into a series of states, treat it as a
nominal and calculate dc; we have chopped into five equal
ranges, but more sophisticated chopping procedures could
obviously be used. The second problem is the treatment to
be accorded to ordinals. For a nominal/ordinal comparison
we treat the ordinal as a nominal and calculate dc; for a
numeric/ordinal comparison we assume that the ordinal
states are equidistant, and therefore treat it as a numeric
and calculate dr.
Finally, we have thought it wise to make provision
for users who may wish some or all of their binary
attributes to be asymmetric, in the sense that they must not
be treated as multistates with two interchangeable states. In
comparing such an asymmetric binary with an ordinal or
numeric we treat it as a numeric taking only the values 0 or
1.
INDETERMINANCY
Users frequently wish to process a data-set which is in
fact a subset of a larger set. In such a case it is possible for
an attribute to be everywhere missing, so that no distances
can be calculated. A more subtle danger is that a nominal
attribute may be everywhere in the same state or a numeric
attribute have everywhere the same value. In such cases
both c and r become indeterminate. It is therefore
necessary for INVER to make a preliminary sweep through
the data and to mask out any such attributes; it must then
number serially such attributes as remain.
THE PROGRAM INVER
The first control card which is read specifies, the
number of individuals and the numbers of asymmetric
binary, (AB); symmetric binary, (SB); multistate nominals,
(MN); ordinals, (O); and numeric, (N) attributes as well as
certain other parameters which control the printing of the
data and/or computed measures. This is followed by cards
which specify the number of states in each of the multistate
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attributes and by one which specifies the numbers of the
asymmetric binaries, those not listed are assumed to be
symmetric. This information is sufficient for the program
to compute the amount of storage space required for the
computation.
Next follows the title card for the data and the data
itself if it is on cards. Otherwise, the data is read from the
file number specified by the first control card. The follow
ing cards specify which attributes are to be masked out and
hence not used in the computation.
The program now tests all attributes to determine if
they are either (a) missing in all individuals or (b) identical
in all individuals. If either of these conditions pertains a
comparison of the attribute with others is not possible and
it is flagged as such. The symmetric attributes, which are to
be considered as two state multistates, are now logically
placed after the multistate nominal attributes. A table is
then output which gives the relationship between new
attribute numbers (sequentially numbered) and the
previous numbering system. Even if no attributes have been
removed, this table is produced so that the final classifi
cations can be easily interpreted in terms of the original
attributes.
The next process is that the numeric attributes are
chopped into five state multistates because they are
required in this form for some purposes, as explained
above. The program is now in a position to compute the
distance measures.
The Cramer value c is calculated for the combinations
AB/MN, MN/N (using the chopped form of N), MN/MN
and MN/O (treating the ordinal as a multistate nominal).
The correlation coefficient r is calculated for the combin
ations AB/AB (treating both ABs as if they were numerics
with values of either 0 or 1), AB/N (treating both as
numerics), AB/O (treating both as numeric), N/N, N/O and
O/O (treating both as numerics). In all cases the symmetric
binaries (SB) are included as two state MNs.
Finally, the true distance measures are calculated
from d = 1 —c or d = 14(1 —r) as appropriate and the results
are stored as the upper triangle of the distance measure
matrix - without the leading diagonal. If the control card
requested it these coefficients are also printed.
Of course, in most practical applications, INVER is
followed by one of the TAXON classification routines
which accepts measures as input and in this way a
classification of the attributes can be obtained.
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Apportioning on a Working Day Basis
A Coote*
A simple method of handling the common budgeting task of apportioning figures over a 12 month
period on a working day (or similar) basis is described and illustrated by means of a “structured” COBOL
program.

In the February 1972 issue of this journal under the
title “Apportioning and Rounding” a method of apportion
ing annual amounts evenly over each of the 12 months was
described and illustrated with a PL/1 program. This paper
describes an extended version of that method — one that
will apportion figures on a working day (or similar) basis
with as little month-by-month distortion as possible — and
illustrates it with a COBOL program.
Suppose that your organisation has an annual budget
the individual amounts for which have to be apportioned
over the 12 months on a working day basis and that the
budgeted days and amounts are as top of next column.
(These amounts have been deliberately chosen to
highlight some of the variations which can occur, in that
although none of the individual amounts is exactly divisible
by the number of working days the total amount is so
divisible.)
What you would probably wish is an apportioning
method that will ensure that both the detailed and the total
apportionments for each month are “accurate” within
acceptable limits. This is not as easy as it might appear on
the surface.
What I propose doing is demonstrate such a method
(method 4 following). Firstly, however, I propose demon
strating some of the potential traps (perhaps not obvious)
by describing three simpler methods.
“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.”

Month

Amounts

Days

January
February
March
April
May
June
July
August
September
October
November
December

8
19
22
20
22
20
22
23
20
21
20
14

$2310

231
METHOD 1
As a first approach you could use the following
algorithm:
For each annual amount, in turn: (1)
Divide the amount by the total number of working
days (eg 231) to give the relevant “factor”;
(2)
For each month, in turn, multiply that factor by the
number of working days for that month, and round
the result, to give the apportioned amount for that
month;
(3)
Take up in a designated month any difference (plus
or minus) between the sum of those amounts and the
annual amount.
The algorithm “works” but may give unacceptable
results as in the following example in which December acts
as the designated month:—

METHOD 1
Total
$
100
100
100
100
100
1295
103
103
103
103
103

Factor
0.43290

5.60606
0.44589

$2310
(Expected totals

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

(8)

(19)

(22)

(20)

(22)

(20)

(22)

(23)

(20)

(21)

(20)

(14)

3
3
3
3
3
45
4
4
4
4
4

8
8
8
8
8
107
8
8
8
8
8

10
10
10
10
10
123
10
10
10
10
10

9
9
9
9
9
112
9
9
9
9
9

10
10
10
10
10
123
10
10
10
10
10

9
9
9
9
9
112
9
9
9
9
9

10
10
10
10
10
123
10
10
10
10
10

10
10
10
10
10
129
10
10
10
10
10

9
9
9
9
9
112
9
9
9
9
9

9
9
9
9
9
118
9
9
9
9
9

9
9
9
9
9
112
9
9
9
9
9

4
4
4
4
4
79
6
6
6
6
6

80

187

223

202

223

202

223

229

202

208

202

129

80

190

220

200

220

200

220

230

200

210

200

140)

*University of Wollongong, Manuscript received 7th September 1978.
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January is the only month in which the actual total
equals the “expected” total, that is, the figure which could
reasonably be expected (viz. 2310/231 x working days). In
addition, December is distorted significantly both in total
(129 v. 140) and in detail (4 v. 6 [ie 14/231 x 100] for
each of the first five amounts).

METHOD 2
To reduce the undesirable effects of method 1 you
could spread the variation in respect of each individual
amount over more than one month — even over the entire
year. This can be done by using the cumulative working
days to arrive at the cumulative monthly amounts, and then
calculating the individual monthly amounts by subtraction.
For example:—

Step (1) — calculate the cumulatives:
METHOD 2 - Step 1
Total
$
100
100
100
100
100
1295
103
103
103
103
103
$2310

Factor
0.43290

5.60606
0.44589

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

(8)

(197)

(217)

(231)

(27)

(49)

(69)

(91)

(111)

(133)

(156)

(176)

3
3
3
3
3
45
4
4
4
4
4

12
12
12
12
12
151
12
12
12
12
12

21
21
21
21
21
275
22
22
22
22
22

30
30
30
30
30
387
31
31
31
31
31

39
39
39
39
39
510
41
41
41
41
41

48
48
48
48
48
622
49
49
49
49
49

58
58
58
58
58
746
59
59
59
59
59

68
68
68
68
68
875
70
70
70
70
70

76
76
76
76
76
987
78
78
78
78
78

85
85
85
85
85
1104
88
88
88
88
88

94
94
94
94
94
1217
97
97
97
97
97

100
100
100
100
100
1295
103
103
103
103
103

80

271

490

692

910

1107

1331

1565

1757

1969

2172

2310

Step (2) — calculate the individuals:
METHOD 2 - Step 2
Total

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

$

(8)

(19)

(22)

(20)

(22)

(20)

(22)

(23)

(20)

(21)

(20)

(14)

100
100
100
100
100
1295
103
103
103
103
103

3
3
3
3
3
45
4
4
4
4
4

9
9
9
9
9
106
8
8
8
8
8

9
9
9
9
9
124
10
10
10
10
10

9
9
9
9
9
112
9
9
9
9
9

9
9
9
9
9
123
10
10
10
10
10

9
9
9
9
9
112
8
8
8
8
8

10
10
10
10
10
124
10
10
10
10
10

10
10
10
10
10
129
11
11
11
11
11

8
8
8
8
8
112
8
8
8
8
8

9
9
9
9
9
117
10
10
10
10
10

9
9
9
9
9
113
9
9
9
9
9

6
6
6
6
6
78
6
6
6
6
6

$2310

80

191

219

202

218

197

224

234

192

212

203

138

This has certainly improved the December figures but
has not brought the monthly totals into line with what
could reasonably be expected (eg September) and has intro
duced some individual anomalies (eg in February and in
June the first five amounts [each a part of $100] exceed
the last five amounts [each a part of $103]).
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METHOD 3
The variations arising from method 2 can be reduced
by using both cumulative working days (ie accumulating
“across”) and cumulative annual amounts (ie accumulating
“down”).
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Step (1) — calculate the two-way (across and down) cumulative figures using cumulative “factors”:
METHOD 3 - Step 1
Cumu
lative
Total
$
100
200
300
400
500
1795
1898
2001
2104
2207
2310

Cumulative
Factors
0.43290
0.86580
1.29870
1.73160
2.16450
7.77056
8.21645
8.66234
9.10823
9.55411
10.00000

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

(8)

(27)

(49)

(69)

(91)

(111)

(133)

(156)

(176)

(197)

(217)

(231)

12
23
35
47
58
210
222
234
246
258
270

21
42
64
85
106
381
403
424
446
468
490

30
60
90
119
149
536
567
598
628
659
690

39
79
118
158
197
707
748
788
829
869
910

3
7
10
14
17
62
66
69
73
76
80

48
96
144
192
240
863
912
962
1011
1061
1110

58
115
173
230
288
1033
1093
1152
1211
1271
1330

68
135
203
270
338
1212
1282
1351
1421
1490
1560

76
152
229
305
381
1368
1446
1525
1603
1682
1760

85
171
256
341
426
1531
1619
1706
1794
1882
1970

94
188
282
376
470
1686
1783
1880
1976
2073
2170

100
200
300
400
500
1795
1898
2001
2104
2207
2310

Step (2) — disaccumulate downwards by subtracting line 10 of step (1) from line 11, then line 9 from line 10, and so on.
METHOD 3 — Step 2
Total

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

$

(8)

(27)

(49)

(69)

(91)

(111)

(133)

(156)

(176)

(197)

(217)

(231)

100
100
100
100
100
1295
103
103
103
103
103

3
4
3
4
3
45
4
3
4
3
4

12
11
12
12
11
152
12
12
12
12
12

21
21
22
21
21
275
22
21
22
22
22

30
30
30
29
30
387
31
31
30
31
31

39
40
39
40
39
510
41
40
41
40
41

48
48
48
48
48
623
49
50
49
50
49

58
57
58
57
58
745
60
59
59
60
59

68
67
68
67
68
874
70
69
70
69
70

76
76
77
76
76
987
78
79
78
79
78

85
86
85
85
85
1105
88
87
88
88
88

94
94
94
94
94
1216
97
97
96
97
97

100
100
100
100
100
1295
103
103
103
103
103

$2310

80

270

490

690

910

1110

1330

1560

1760

1970

2170

2310

(Compare this with the output from step (1) of method 2.)
Step (3) — calculate the individuals:
METHOD 3 - Step 3
Total

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

$

(8)

(19)

(22)

(20)

(22)

(20)

(22)

(23)

(20)

(21)

(20)

(14)

100
100
100
100
100
1295
103
103
103
103
103

3
4
3
4
3
45
4
3
4
3
4

9
7
9
8
8
107
8
9
8
9
8

9
10
10
9
10
123
10
9
10
10
10

9
9
8
8
9
112
9
10
8
9
9

9
10
9
11
9
123
10
9
11
9
10

9
8
9
8
9
113
8
10
8
10
8

10
9
10
9
10
122
11
9
10
10
10

10
10
10
10
10
129
10
10
11
9
11

8
9
9
9
8
113
8
10
8
10
8

9
10
8
9
9
118
10
8
10
9
10

9
8
9
9
9
111
9
10
8
9
9

6
6
6
6
6
79
6
6
7
6
6

$2310

80

190

220

200

220

200

220

230

200

210

200

140
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At first sight this appears acceptable. Each monthly
total is exactly what could reasonably be expected.
However, there are numerous small anomalies amongst the
individual monthly amounts. For example, in the first five
rows (all with annual amounts of 100):—
February contains a 7 (where you would expect an 8
or 9), May contains an 11 (where you would expect a 9 or
10), and October contains an 8 (where you would expect a
9 or 10).
There are even more such anomalies in the last five
rows.
That is to say, method 3 allows figures derived from
the same value and the same number of working days to
vary by as much as $2 between the highest and lowest (eg 9
to 7).
METHOD 4
Ideally, the variation should not exceed $1. By
adding a test to Method 3 to see whether the variation
exceeds 1 and, if necessary, changing the figure, this ideal
can be achieved.
The following COBOL program illustrates such a
method.

Note that in an attempt to keep the coding easily
understandable and generally machine-independent I have
used “display” rather than “computational” pictures and
subscripting rather than indexing.
The program first reads a card containing the working
days for each of the 12 months, and from them determines
the relevant factors. It then reads cards which contain the
individual annual amounts and apportions those amounts
using the two-way cumulative approach plus a variation
range test and change of amount if necessary (lines 00916
-01008).
If you study the output carefully you will see that
for any given combination of annual amount and working
days the variation does not exceed 1. You will also see
that the monthly totals are exactly what could reasonably
be expected. The results, however, are not “perfect”. A
pernickety person might point out the numerous places
where the monthly part of a particular $100 is greater (by
$1) than the same month’s part of a particular $103. The
only answers to this are "this is unavoidable” and “do
better if you can”.
With that in mind I again ask readers to suggest
improvements and/or alternative approaches.

1100 ASCII COBOL SOURCE LISTING
00101
00102
00103

IDENTIFICATION DIVISION.
PROGRAM-ID.
APPORTION-BY-WORKING-DAYS.
AUTHOR.
A-COOTE, UNIVERSITY OF WOLLONGONG.

00201
00202
00203
00204
00211
00212
00213
00214

ENVIRONMENT DIVISION.
CONFIGURATION SECTION.
SOURCE-COMPUTER.
OBJECT-COMPUTER.
INPUT-OUTPUT SECTION.
FILE-CONTROL.
SELECT
CARD-FILE
SELECT
PRINT-FILE

00301
00302
00303
00304
00305
00306

DATA DIVISION.
FILE SECTION.
FD PRINT-FILE
LINE-OUT.
01
03
PA
03
P

00310
00311
00314
00315
00316

FD
01
01

00401
00402
00403
00404
00405
00406
00407
00408
00409
00410
00411
00412

WORKING-STORAGE SECTION.
01
WORK-AREAS.
03
J
03
K
03 WORKING-DAYS-RECIPROCAL
03 LOW
03 HI
03 GRAND-TOTAL-SO-FAR
03 CURRENT-ROW-TOTAL-SO-FAR
03 PRIOR-ROW-TOTAL-SO-FAR
03 CURRENT-MONTHS-AMOUNT
03 CURRENT-COLUMN-TOTAL-SO-FAR

32

CARD-FILE
FIRST-CARD
SUBSEQUENT-CARDS.
03
CURRENT-YEARS-AMOUNT
03
FILLER

UN I VAC-1106.
UN I VAC-1106.

ASSIGN TO CARD-READER.
ASSIGN TO PRINTER.

LABEL RECORDS ARE OMITTED.
PIC Z(7)3.
PIC Z(7) OCCURS 12 TIMES.
LABEL RECORDS ARE OMITTED.
PIC X(80).
PIC 9(5).
PIC X(75).

PIC 99
PIC 99.
PIC V9(7).
PIC 9(7)
PIC 9 7)
PIC 9(7)
PIC 9 7)
PIC 9 7)
PIC 9 7
PIC 9 7

VALUE 1.

VALUE ZERO.
VALUE ZERO.
VALUE ZERO.
VALUE ZERO.
VALUE ZERO.
VALUE ZERO.
VALUE ZERO.
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00413
00414
00415
00416
00417
00418
00419
00420

01

01

OUT-OF-CARDS-FLAG
03
TABLES.
03
CUMULATIVE-DAYS
FACTOR
03
03
TOTAL-FOR-COLUMN
CARD-SAVE-AREA.
WORKING DAYS
03
FILLER
03

PIC XXX

VALUE ‘NO’.

PIC 999
PIC 9V9(6)
PIC 9(5)

OCCURS 12 TIMES.
OCCURS 12 TIMES.
OCCURS 12 TIMES.

PIC 99
PIC X(56).

OCCURS 12 TIMES.

00701
00702
00703
00704
00705
00706
00707
00708
00709
00710

PROCEDURE DIVISION.
APPORTION-BY-WORKING-DAYS.
OPEN INPUT CARD-FILE OUTPUT PRINT-FILE.
MOVE SPACES TO LINE-OUT.
PERFORM ZEROIZE-COLUMN-TOTALS 12TIMES.
PERFORM DETERMINE-FACTORS.
PERFORM ITEM-BY-ITEM UNTIL OUT-OF-CARDS-FLAG = ‘YES’.
PERFORM TOTAL-PRINTING.
CLOSE CARD-FILE PRINT-FILE.
STOP RUN.

00711
00712
00713

ZEROIZE-COLUMN-TOTALS.
MOVE ZEROTOTOTAL-COR-COLUMN (J).
ADD 1 TO I.

00714
00715
00716
00717
00718
00719
00801
00802
00803
00804
00805
00806
00807
00808
00809
00810
00811
00812
00813
00814
00815
00816
00817
00818

DETERMINE-FACTORS.
READ CARD-FILE AT END MOVE ‘YES’TO OUT-OF-CARDS-FLAG.
IF OUT-OF-CARDS-FLAG = ‘NO’
MOVE FIRST-CARD TO-CARD-SAVE-AREA
PERFORM COMPUTE-FACTORS-STEP-1
READ CARD-FILE AT END MOVE ‘YES’TO OUT-OF-CARDS-FLAG.
COMPUTE-FACTORS-STEP-1.
MOVE WORKING-DAYS (1) TO CUMULATIVE-DAYS (1).
MOVE 1 TO J.
MOVE 2 TO K.
PERFORM ACCUMULATE-DAYS 11 TIMES.
COMPUTE WORKING-DAYS-RECIPROCAL ROUNDED
= 1 /CUMULATIVE-DAYS (12).
MOVE 1 TO J.
PERFORM COMPUTE-FACTORS-STEP-2 11 TIMES.
MOVE 1 TO FACTOR (12).
ACCUMULATE-DAYS.
MOVE WORKING-DAYS (K) TO CUMULATIVE-DAYS (K).
ADD CUMULATIVE-DAYS (J) TO CUMULATIVE-DAYS (K).
ADD 1 TO J K.
COMPUTE-FACTORS-STEP-2.
COMPUTE FACTOR (J) ROUNDED
= CUMULATIVE-DAYS (J) * WORKING-DAYS-RECIPROCAL.
ADD 1 TO J.

00901
00902
00903
00904
00905
00906
00907
00908
00909
00910
00911
00912
00913
00914
00915
00916

ITEM-BY-ITEM.
ADD CURRENT-YEARS-AMOUNT TO GRAND-TOTAL-SO-FAR.
MOVE CURRENT-YEARS-AMOUNT TO PA.
MOVE ZERO TO PR10R-R9W-TOTAL-SO-FAR.
MOVE 1 TO J.
PERFORM APPORTIONING 12 TIMES.
WRITE LINE-OUT AFTER ADVANCING 1 LINES.
READ CARD-FILE AT END MOVE ‘YES’ TO OUT-OF-CARDS-FLAG.
APPORTIONING.
COMPUTE CURRENT-ROW-TOTAL-SO-FAR ROUNDED
= GRAND-TOTAL-SO-FAR * FACTOR (J).
COMPUTE CURRENT-COLUMN-TOTAL-SO-FAR
= CURRENT-ROW-TOTAL-SO-FAR - PRIOR-ROW-TOTAL-SO-FAR.
COMPUTE CURRENT-MONTHS-AMOUNT
= CURRENT-COLUMN-TOTAL-SO-FAR - TOTAL-FOR-COLUMN (J).
COMPUTE LOW = CURRENT-YEARS-AMOUNT * WORKING-DAYS (J)
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00917
00918
01001
01002
01003
01004
01005
01006
01007
01008
01009
01010
01011
01012
01013
01014
01015
01016
01017
01018
01019
01020

* WORKING-DAYS-RECIPROCAL
COMPUTE HI = LOW + 1.
IF CURRENT-MONTHS-AMOUNT < LOW ADD 1 TO
CURRENT-MONTHS-AMOUNT
CURRENT-COLUMN-TOTAL-SO-FAR
CURRENT-ROW-TOTAL-SO-FAR
ELSE IF CURRENT-MONTHS-AMOUNT > HI SUBTRACT 1 FROM
CURRENT-MONTHS-AMOUNT
CURRENT-COLUMN-TOTAL-SO-FAR
CURRENT-ROW-TOTAL-SO-FAR.
MOVE CURRENT-MONTHS-AMOUNT TO P (J).
MOVE CURRENT-COLUMN-TOTAL-SO-FAR TO TOTAL-FOR-COLUMN (J).
MOVE CURRENT-ROW-TOTAL-SO-FAR TO PRIOR-ROW-TOTAL-SO-FAR.
ADD 1 TO J.
TOTAL-PRINTING.
MOVE GRAND-TOTAL-SO-FAR TO PA.
MOVE 1 TO J.
PERFORM SET-UP-TOTAL-LINE12 TIMES.
WRITE LINE-OUT AFTER ADVANCING 3 LINES.
SET-UP-TOTAL-LINE.
MOVE TOTAL-FOR-COLUMN (J) TO P (J).
ADD 1 TO J.

100
100
100
100
100
1295
103
103
103
103
103

3
4
3
4
3
45
4
3
4
3
4

9
8
8
8
8
107
8
9
8
9
8

9
9
10
10
10
123
10
9
10
10
10

9
9
9
8
8
112
9
9
9
9
9

9
10
9
10
10
123
10
10
10
9
10

9
8
9
8
9
113
8
9
9
9
9

10
9
10
9
10
123
10
10
9
10
10

10
10
10
10
10
128
11
10
11
10
10

8
9
9
9
8
113
8
9
9
9
9

9
10
9
9
9
117
10
9
9
10
9

9
8
8
9
9
112
9
9
9
9
9

6
6
6
6
6
79
6
7
6
6
6

2310

80

190

220

200

220

200

220

230

200

210

200

140

Book Review
Charles Wetherell, Etudes for Programmers. Prentice-Hall
USA, 1978, viii + 200 pp. Soft cover. $A17.75.

Inc.,

One could be pardoned, in looking at the title and cover of
this book, for thinking that it has something to do with computerconstructed music. In fact it doesn’t mention music except through
the analogy described in the next paragraph. The book consists
largely of some 27 problem studies for student programmers.
Each study (etude) consists of:
(a)
a section introducing the problem and describing any necess
ary background information,
(b)
a careful and short specification of what the program is to
achieve (Statement of the Theme),
(c)
an indication of the critical practical difficulties that may be
encountered (Performance Practice),
(d)
a discussion of programming languages, including assemblers,
which are appropriate for the problem (Orchestration),
(e)
the number of weeks required to complete the solution
given that the student spends one-quarter of his time on
the task (Playing Time), and
(f)
possible extensions of the problem together with references
about its solution (Variations on the Theme).
This format seems excellent to me. it allows a flexible
presentation by the author: the etudes vary in length from two to
11 pages. It allows also flexible usage by students, e.g., the con
fident, creative student may omit section (c) on first reading and
include parts of (f) in his solution. The primary task, however, is
clarity — a great help to students. The book can be used in a
variety of tertiary computer science courses: it allows freedom of
problem choice for lecturers and/or students. I showed the book
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to the Year 12 student who wrote our time-sharing system. He
was delighted with it, particularly with the project for compiler
courses, the last four problems. In general, however, the level is
well beyond that of the secondary student.
Problems are chosen from a wide variety of fields: games,
games theory, business management, mathematics, computer
science. They are generally independent of each other and illus
trate a wide variety of programming techniques and structures.
The exposition is mostly clear though I was a little disappointed
with the more mathematical aspects. In Chapter 3, graph theory
terminology is freely used in a map-colouring problem. This
could have been avoided though it may fit in well with some
courses. In Chapter 20 where the important idea that computers
can perform manipulative algebra is introduced, there is some
sloppy use of language; “polynomial” is used instead of “rational
expression”, and the recursive definition of “rational expression”
is inadequate, but perhaps that is deliberate.
The last two chapters, 29, 30, contain solutions to two earlier
problems. The first is the map colouring problem: a note makes
mention of 1976 Haken-Appeal computer assisted solution of the
four-colour problem. It seemed strange to me that this was not
mentioned in Chapter 3, but the book was in fact mostly written
at this time. The second solution is to the problem of compacting
text. Both chapters emphasize and give hints on careful docu
mentation, and emphasize the need for adequate testing of a pro
gram.
This book of non-trivial problems is indeed a welcome
addition to the literature.
K.McR. EVANS,
Scotch College, Melbourne
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Forthcoming National and International Events
EVENT

LOCALE

SOURCE

IAG Seminar, ‘The Immediate Future of DBMS’

Munich, FRG

IFIP

14-16

Twelfth Annual Simulation Symposium

Tampa, Florida, USA

ACM

26-28

4th Gl Conference on Theoretical Computer Science

Aachen, Germany

ACM

26-28

Second International Conference on Computational Methods in Non-Linear Mechanics

Austin, Texas

ACM

April
2-4

1 979 IEEE International Conference on Acoustics, Speech and Signal Processing

Washington, D.C., USA

ACM

3-5

Conference on Numerical Ordinary Differential Equations

Champaign, Illinois, USA

ACM

3-5

Specifications of Reliable Software

Cambridge, Mass., USA

ACM

5-6

Computers in Ophthalmology

St. Louis, Missouri, USA

IFIP

19-21

APOLLO AGONISTES: The Humanities in a Computerized World

Albany, New York, USA

IFIP

23-25

Working Conference on “Formal Models in Practical Tools for Information Systems Design”

Oxford, UK

IFIP

April 30May 2

Eleventh Annual ACM Symposium on Theory of Computing

Atlanta, Georgia, USA

ACM

May
14-19

Working Conference on “Evaluation of Medical Action, Methodology and Experience”

Bordeaux, France

IFIP

21-23

IFIP/IFAC 4th PROCLOMAT Conference, “PROCLOMAT 79”

Michigan, USA

IFIP

May 30June 1

1 979 ACM SIGMOD International Conference on Management of Data

Boston, Mass., USA

ACM

May 30June 1

APL 79

Rochester, New York, USA

ACM

June
4-7

National Computer Conference

New York City, USA

IFIP

4-8

2nd IFIP Conference on “Human 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

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

25-28

1979 Canadian Information Processing Society Conference

Quebec City, Quebec, Canada

CIPS

26-28

EUROSAM 79, Symposium on Symbolic and Algebraic Manipulation

Marseilles, France

ACM

July
2-6

VIII IFAC Symposium on Automatic Control in Space

Oxford, UK

ACM

16-18

1 979 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

SIGGRAPH 79, Sixth Annual Conference on Computer Graphics and Interactive
T echniques

Chicago, Illinois, USA

ACM

Fourth International Conference on Computers and the Humanities

Hanover, New Haven, USA

ACM

DATE

1979
March

6-10

20-22
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20-24

Sixth International Joint Conference on Artificial Intelligence

Tokyo, Japan

ACM

27-31

Tenth International Symposium on Mathematical Programming

Montreal, Canada

ACM

September
4-9

9th IFIP Conference on Optimization Techniques

Warsaw, Poland

ACM

10-14

9th International Cybernetics Congress of the International Associations for Cybernetics

Namur, Belgium

IFIP

17-19

4th International Conference on Software Engineering

Munich, FRG

ACM

20-26

3rd World Telecommunication Exhibition

Geneva, Switzerland

ACM

24-28

5th IFAC 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

1980
September 29October 3
MEDINFO 80

Tokyo, Japan

IFIP

October
6-9

8th World Computer Congress

Tokyo, Japan

IFIP

14-17

8th World Computer Congress

Melbourne, Vic., Australia

IFIP

Book Reviews
M.A. Crane and A.J. Lemoine, An Introduction to the Regener
ative Method for Simulation Analysis. Lecture Notes in
Control and Information Sciences Vol. 4, edited by A.V.
Balakrishnan and M. Thoma, Springer-Verlag 1977, pp
vii+ 111. $A9.10.
The authors’ aim is to present the regenerative method for
simulation analysis in a way that can be understood easily by
potential users. By use of renewal points, the method obviates
difficulties associated with autocorrelation in simulation outputs
and with bias introduced by starting conditions. At a renewal point,
the set of values assumed by the system state vector exactly duplic
ates one of its earlier sets of values. Accordingly, each cycle of
output between renewal points is an independent identically dis
tributed sample of system behaviour. The methods of classical
statistics can then be applied to system performance measures
obtained one from each cycle, and bias difficulties disappear be
cause each cycle has the same initial conditions.
The main alternatives to the regenerative method entail
the use of replicated runs or time series analysis. Replication has
the problems that it is not clear how to adjust for initial con
ditions or how long to make each run. Time series analysis involves
complicated and expensive computations. Further, in a recent
paper, Duket and Pritsker (Duket, 1978) cast serious doubts on
the use of sample autocovariances and conclude that spectral
estimation procedures are insufficiently reliable for the analysis of
general simulation outputs. Kleijnen (Kleijnen, 1975) refers to
the earlier part of the research on which this book is based, and
for simple systems, recommends the use of regeneration ahead of
other methods. For very complicated systems, Kleijnen foresees
that the experimenter may have problems in discovering the
renewal structure. New research material on approximation tech
niques is of interest in this context (see Section 5 below). At the
very least, therefore, regeneration appears to compete strongly
with other available methods.
The book starts with a short introduction that gives reasons
for using regeneration and summarizes the presentation of mat
erial. In Section 2, a single-server queue, an inventory system, and
a repairman model are used to illustrate the regenerative method.
The material is well organized, interesting, and clearly presented.
Section 3 gives the mathematical basis for the regenerative
method in discrete and in continuous time. A confidence interval
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is developed for the expected value of the ratio of two system
variables. Results from the three models of Section 2 are used to
illustrate the application of this technique, and the results are
shown to agree well with theoretical results derived for two of the
models (no clear references are given to the theoretical deriv
ations). The Section ends with discussions of run length, cost
structures, and conditions for ensuring that steady state distribu
tions will apply.
Section 4 gives three more models of interesting regenerative
processes which are described and then used to obtain results
that show good agreement with theoretical values (again, the
references to the derivations are unsatisfactory). In Section 5 it is
noted that if the variables that define a renewal point are sampled
from discrete distributions, renewal will recur within a finite time.
In contrast, if the sampling is from continuous distributions, the
time interval between two renewals will be infinite. This difficulty
can be avoided if regeneration is considered to occur when the
value of each continuous state descriptor falls within a defined
small interval that contains the corresponding exact renewal value.
This interesting concept is examined in Section 6, and the results
of experiments reported there appear most encouraging. The
authors’ note that experience in the use of these techniques is
small and that further research is indicated.
Alternative standard forms of ratio estimators are presented
in Section 7. Mathematical formulae are given and results from
documented research are quoted. Section 8 summarizes related
results that are of practical importance. Topics include selection
of the best of several systems, quantile estimation, determination
of confidence bands for variable parameters, discrete methods for
continuous-time models, consideration of stopping rules, and
variance reduction techniques.
Section 9 gives a useful summary of the literature by relating
quoted references to the appropriate Sections of the book. It is
clear that, for a book based on recent research, it would be un
reasonable to expect all the material to be supported by articles
in well-known journals. Nevertheless, when (see comments on
Sections 2 and 4) theoretical results are included to provide a
standard for judging the quality of experiments, it is important
either to give suitable readily-available references or to derive the
results concerned.
In summary, the book presents the results of important
recent research clearly and simply, but without loss of precision.
The Australian Computer Journal, Vol. 11, No. 1, February 1979

Book Reviews
The book would serve well as the basis for a specialised course on
regenerative techniques or as an introduction to the many inter
esting and sophisticated research papers concerned with this topic.
DUKET, S.D. and PRITSKER, A.A.B. (1978): “Examination of
Simulation Output Using Spectral Methods”, Mathematics
and Computers in Simulation, XX page 53.
KLEIJNEN, J.P.C. (1975), “Statistical Techniques in Simulation,
Part II”, Marcel Dekker Inc., New York, page 466.
J.L.C. MACASKILL,
University of Adelaide
Lecture Notes In Computer Science, Vol. 48, Theoretical Com
puter Science 3rd Gi Conference, Springer-Verlag, Berlin
1977, pp. 418, approx. $15.
This volume is a collection of 33 research papers in various
areas of theoretical computer science, presented at a conference in
Darmstadt, Germany, in March 1977. The papers report on-going
research of a generally high quality. They can be classified roughly
into the following categories: Automata and Formal Language
Theory (10 pages); Computational Complexity (7); Parallel Com
puter Systems (5); Algebraic Structures (5); Formal Semantics and
Program Verification (4); and Computability Theory (2).
A good feature of the volume is its international flavour.
One finds that independent schools of research grow in various
countries and thus international gatherings, such as the one re
ported here, can be unusually productive. Another feature, which
will appeal to those readers desiring to follow up some of the
papers, is the list of authors’ addresses to be found in an appendix.
Unfortunately, the book is not typeset, but consists of
photo-reduced copies of typewritten manuscript. This detracts
from the presentation of the volume. On the other hand, of course,
it allows research material to be disseminated as fast as possible.
A problem which will be faced by many readers is the fact
that about one-third of the papers are written in French, onethird German, and one-third English. Fortunately, only a rudi
mentary understanding of the languages is sufficient to follow the
gist of most of the papers, once the few key words have been
deciphered.
I recommend volume 48 of this well respected Springer
series to all research libraries. However, it is probably not a nec
essary purchase for individual researchers in theoretical computer
cripnrp

L.M. GOLDSCHLAGER,
University of Queensland.
John

R. Rice (Editor): Mathematical Software Hi. Academic
Press, London, 1977. 388 pp. Price: $A21.00.

This book presents the Proceedings of a Symposium con
ducted by the Mathematics Research Center at the University of
Wisconsin, Madison, in March 1977. All of the papers presented
at the symposium as well as an additional paper by J.R. Rice appear
in the book in the following order:
(1) G.W. Stewart: Research, Development and LINPACK,
14pp.
(2) M.J. Hopper and M.j.D. Powell: A Technique that
Gains Speed and Accuracy in the Minimax Solution of Overdeter
mined Linear Equations, 20pp.
(3) G.E. Collins: Infallible Calculation of Polynomial
Zeros to Specified Precision, 34pp.
(4) Robert E. Barnhill: Representation and Approxim
ation of Surfaces, 52pp.
(5) C.W. Gear: Simulation: Conflicts between Real-Time
and Software, 18pp.
(6) David C. Hoaglin: Mathematical Software and Explor
atory Data Analysis, 22pp.
■
(7) C.L. Lawson: Software for C1 Surface Interpolation,
34pp.
(8) W.R. Cowell and L.D. Fosdick: Mathematical Soft
ware Production, 30pp.
(9) I. Babuska and W. Rheinboldt: Computational Aspects
of the Finite Element Method, 32pp.
(10) L.F. Shampine and W.A. Watts: The Art of Writing a
Runge-Kutta Code, Part I, 20pp.
(11) Achi Brandt: Multi-Level Adaptive Techniques (MLAT)
for Partial Differential Equations: Ideas and Software, 42pp.
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(12) John R. Rice: ELLPACK: A Research Tool for Elliptic
Partial Differential Equations Software, 24pp.
(13) W.S. Brown: A Realistic Model of Floating-Point
Computation, 18pp.
(14) G.H. Golub and R. Underwood: The Block Lanczos
Method for Computing Eigenvalues, 18pp.
The selection of these papers suggests that the topic of
Mathematical software may be divided into the following groups:
(i) General considerations about developments of sub
routines, packages or systems implementing mathematical methods.
(ii) Similar considerations as in (i) but with respect to a
particular field of application or to a particular product.
(iii) Discussions of particular problems arising in computer
implementation (e.g. suitability of programming languages, port
ability of the products, etc.).
(iv) Investigations of particular mathematical methods and
problems.
(v) Descriptions of particular products.
Group (i) is very well covered by (8). The reader will find
there an historical overview, proposals for standards, descriptions
of three recent major projects and some suggestions for further
developments. The witty quotes of programming demands of
yester-years remind us of the impermanence of our present ideas
about mathematical software.
In group (ii) we find two very good articles (9) and (12).
Among many other things it is observed that technical problems
of high complexity (such as finite elements applications in [9])
may require an operating system approach rather than the usual
package design; (12) particularly reports on organising institutions
and individuals which co-operate on the same project.
Contribution (13) treats the representation of numbers and
arithmetic operations and thus gives background to one of the
important aspects of the portability of any mathematical soft
ware. Some aspects of (3), (10) and (5) could also be considered as
relevant for group (iii). The remaining 10 papers (i.e. all but [8],
[9], [12] and [13] ) are all aimed at experts in fields such as linear
algebraic methods ( [1], [2], [14] ), surface representations ( [4],
[7] ) or others.
Mathematical Software III is definitely a step forward in
presentation in comparison with Mathematical Software II which
comprised an informal collection of some 80 papers, summaries
and abstracts of papers presented at a conference held at the Purdue
University in 1974. It presents important material for any in
dividual or group contemplating or already engaged in the develop
ment of mathematical software. It is also useful to the numerical
analyst concerned with the implementation of numerical methods
and has some merit for the more inquisitive users of these methods
who wish to understand what is hidden in the black box they are
about to employ, Besides, it should be acquired by the library
of any institution dealing with computer applications of mathem
atical methods.
Obviously, there are similarities between the development of
packages for solving problems in different mathematical fields.
The question remains whether these similarities justify the existence
of a special Computer Science discipline called Mathematical Soft
ware. To the extent that they do, probably only the first three
groups classified above should comprise such a discipline.
J. KAUTSKY,
Flinders University

P.J. Courtois, Decomposabiiity — Queuing and Computer System
Applications, ACM Monograph Series, Academic Press, New
York, 1977. (xiii + 201 pp.). $17.50.
B.P. Zeigler, Theory of Modelling and Simulation, John Wiley, New
York, 1976. (xii + 435 pp.).
I decided to write the reviews of these two books together
because they complement and supplement each other in many
ways. A listing of the chapter headings of each should give some
idea of the topics covered.
Decomposabiiity — by Courtois:
Nearly completely decomposable systems
On the degree of approximation
Criterion for near-complete decomposabiiity
Decomposabiiity of queueing networks
Hierarchy of resources
Queueing — network analysis
Memory hierarchies
Near-complete decomposabiiity in program behaviour
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Instabilities and saturation
systems
Hierarchical system design

in

multiprogramming

Modelling and Simulation — by Ziegler:
The enterprise of modelling and its communication
The five elements
Prototype simulation and formal model specification
Simulation of cell-space-like models
Simulation of discrete and continuous time models
Introduction to modelling theory
Hierarchy of system specifications
Hierarchy of preservation relations
Framework for modelling and simulation
Valid model construction and simplification
Approximation and error tolerance
State identification, validation and prediction
Structural inference
Simulation program verification and complexity
Both books address computer-oriented systems theorists
interested in the modelling and simulation of complex systems.
Zeigier emphasises the methodology of modelling and Courtois
examines approximate models in two applications. Their common
ground resides in a systematic treatment of systems complexity,
in prescriptions of how to describe, simplify and thereby under
stand it. Among the most complex systems constructed by man
are the operating systems in computers. Operating systems, al
though they yield to informal descriptions, are notoriously difficult
to specify in the rigorous language of systems theory necessary for
understanding their dynamic behaviour. This latter kind of specific
ation is in principle possible /examples of general schemes for doing
so are elucidated by Zeigier) but the resulting collection of equ
ations will have the same order of complexity as the real system
described. Such a specification is called a base system by Zeigier.
The point of modelling is therefore to take a base system specific
ation and simplify it in some way, reducing its complexity and thus
render the simplified system amenable to either mathematical
analysis or computer simulation.
Courtois’ book is an enlarged presentation of his work on a
scheme of systems simplification initiated by Simon and Ando at
Carnegie-Mellon over a decade ago. It was observed by the general
systems theorists (Klir [1969]) and cyberneticians (Ashby [1956])
of late 50s and early 60s that complex systems tend to be composed
of subsystems which interact weakly at different levels of hier
archy. Simon’s parable of the watchmakers, one of whom con
structs watches by putting together subassemblies (i.e., sub
systems), and the other in a piece-by-piece fashion which he must
begin afresh everything he is interrupted-, is a suggestive analogy.
If interruptions during assembly (e.g., errors, noise, etc.) are fre
quent then the second watchmaker will achieve neither the level
of output nor the sophistication of the first. Courtois takes a
matrix representation of the state-transition function of a prob
abilistic system as the base description. The weak interactions, if
ignored, would result in a matrix which can be partitioned into
blocks along the leading diagonal, i.e., the system is completely
decomposed. The achievement of Simon, Ando and current work
by Courtois is to exploit the near complete decomposabiiity of
complex systems to analyse their behaviour, giving good error
estimates, useful criteria of when systems may be so decomposed,
and general theorems about how such systems behave through
time. Nearly completely decomposable systems are systems which
have weakly interacting subsystems; this fact is mathematically
stated by expressing the state-transition matrix as the sum of a
block partitioned matrix and an interaction matrix, the norm of
the latter being small. The notion of hierarchy is realised through
the lumping or aggregation of states, and iterating the procedure
of decomposition. Such lumped or aggregated systems are treated
in detail by both Courtois and Zeigier. Simon and Ando showed
in earlier work that the system dynamics of nearly completely
decomposable system has four phases: short-term dynamics
where the system behaviour is essentially that of the decomposed
components, short-term equilibrium when the sub-systems reach
quasi-equilibrium, long-term dynamics when the entire system
"moves toward equilibrium but the relative values of the variables
within each subsystem are approximately maintained”, and finally
long-term equilibrium. Courtois’ main extension to this earlier
work consists in deriving analogous results for multilevel hier
archical approximate decompositions, and applying these results
in very convincing ways to queueing disciplines and models of
program behaviour in a paging environment. The effect of Courtois’
analyses is to enable system behaviour to be computed without
38

expensive demands on time and space, and with known error
bounds. I found his exposition lucid and well-motivated with
adequate references to other approaches to the same topics.
Zeigler’s book stems from research at Michigan into ways
of modelling and simulating complex biological systems. His
methods have since been used to model queueing systems, soft
ware and operating systems. The basic scheme for simplifying
system specifications in this book is a system of homomorphism,
an idea first developed in the system decomposition theories of
Ashby (1956), Krohn and Rhodes (1966), and later Hartmanis
and Stearns (1966). Zeigier has extended the idea in significant
and new directions, elucidating its importance and relevance for
systems theory and practice. Various levels of homomorphisms are
defined, the most stringent of which are strong structure homo
morphisms which preserve, in the course of systems simplific
ation, the structural dependencies between co-ordinates of a state
space. A problem with all modelling is the following: which prop
erties or behaviours of models disclosed by analysis or simulation
are in fact true of the real systems? Criteria are given in this book
for deciding when such conclusions can be inferred. Traditionally,
courses in dynamic systems theory have centered around disciplines
which had their origin in engineering: linear systems, stability,
frequency domain techniques, etc. Unfortunately the demands of
modern systems practice has revealed their inadequacy. The kinds
of systems confronting the graduate and the nature of questions
one has to answer are more in line with the general systems Klir
(1969) cited earlier. I have consequently found Zeigler’s book a
suitable one for rapidly introducing undergraduates and beginning
graduates to the language, concepts, mathematics and method
ology of modern systems theory wherein modelling, computation
and simulation are necessary and accepted tools. A colleague of
mine who has a doctoral degree in mathematics and was making
the transition into computer science found the treatment both
entertaining and enlightening.
In conclusion, I would recommend Zeigler’s book as a text
in modern systems theory and practice for a final-year computer
science course which includes instruction in a discrete simulation
language like SIMULA, GASP or GPSS: and I would recommend
Courtois’ book as a supplementary text for an Honours or gradu
ate computer science course in the modelling of complex systems
such as operating systems. The two books could well be used in
sequence. Lest the reader is left with the impression that these
excellent texts are intended to replace several highly satisfactory
texts currently available in the statistical aspects (e.g., response
surfaces, experimental design, hypothesis testing, etc.) of simul
ation and modelling, nothing could be further from the truth.
Courtois’ and Zeigier’s books are foundational in that they discuss
the process of modelling, the treatment of which should precede or
at least accompany traditional statistical concerns.
References
KLIR, G., An Approach to General Systems Theory, Van Nostrand
Reinhold, New York, 1969.
ASHBY, R., An Introduction to Cybernetics, Chapman and Hall,
London, 1956.
SIMON, T., The Sciences of the Artificial, MIT Press, Cambridge,
Mass., 1969.
HARTMANIS, J. and STEARNS, R., Algebraic Structure Theory
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Sanjit K. Mitra, and Michael P. Ekstrom (eds), Review of 'TwoDimensional Digital Signal Processing’. Benchmark Papers
in Electrical Engineering and Computer Science, V.20,
Dowden, Hutchinson and Ross, Inc., Stroudsburg, Pennsyl
vania, 1978. Price $A34. 371 pages.
The book is a collection of 43 papers on the theory and
techniques used in the digital signal processing of two-dimensional
arrays. The editors claim that the papers are ‘benchmark’, and
while this is generally true, their source is not as broad as might
be, the majority of the papers having been selected from IEEE
Transactions. The work is quite contemporary, over half of the
articles having been published from 1975 to 1977.
The book is divided into three sections, ‘Deterministic’
(digital filtering), ‘Statistical’ and ‘Implementation Techniques’.
The sections are further subdivided, each smaller division group
ing related topics and being covered by a few pages of editors’
comments. The comments are brief but helpful and show a good
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general knowledge of the subject. Some additional references are
included.
‘Implementation Techniques’ is largely a record of the
methods developed to allow efficient access to very large data
arrays, the usual problem in two-dimensional digital processing.
Since such arrays will normally be outside computer random
access memory, the methods are concerned with optimising I/O.
Examples of such methods include the transposition of large
matrices and two-dimensional FFT implementations.
For the image analyst, interested in the theory of twodimensional digital filtering, the book is a valuable collection of
important ideas. The editors’ comments provide a convenient
entry for the newcomer, and help generalise methods for the
more experienced. It is perhaps a pity that there is no mention of
the important theoretical and practical work done in this area
by the biologists, in the restoration of electron micrographs, for
example.
DONALD FRASER,
CSIRO, Division of Computing Research, Canberra
Brebbia, C.A. and Ferrante, A.J., Computational Methods for the
Solution of Engineering Problems, Pentech Press Limited,
Plymouth, 1978, pp x+354. Price: $12.
Because the title is so all embracing it is necessary immedi
ately to list the chapter headings to declare the subject area. The
seven chapter headings, in order, are:
Computers in Engineering.
Matrix Algebra by Computers.
Matrix Analysis of Simple Structural Systems.
Solid Mechanics.
Approximate Methods of Solution.
The Finite Element Technique.
Fluid Mechanics.
Broadly then, the book covers matrix computational
methods and their application to problems in structural analysis
and finite element situations. The reader will find no material on
the solution of ordinary differential equations (other than two
approximate methods in Chapter 5), curve fitting or optimisation,
to mention a few topics applicable to the solution of some en
gineering problems.
Brebbia is certainly qualified to write in the area of num
erical methods, and particularly finite element applications. He
is co-author of two other books on finite element techniques and
is well known for papers on that topic. Presently he is co-editor of
the journal “Advances in Water Resources” and is on the editorial
board of a number of publications, including the new international
quarterly “Advances in Engineering Software” due to appear
initially in December 1978.
Chapter 1 gives the reader a very digestible overview of
computers and programming in engineering, with particular ref
erence to finite element techniques. Chapter 2, which is by far the
largest chapter in the book, presents a detailed treatment of matrix
algebra and includes 25 computer subroutines for matrix oper
ations, solution of simultaneous linear equations, and the com
putation of eigenvalues and eigenvectors. The treatment is of
methods finding practical application, rather than an exhaustive
coverage. Some idea of the detail here is that there are five sub
routines for the solution of simultaneous linear equations by the
Gauss elimination method, from solution without row inter
change to that for symmetric banded matrices. In essence this
chapter provides the basic matrix techniques and related com
puter subroutines for later application to engineering problems.
Chapter 3 treats the static analysis of trusses using the dis
placement method by considering two three-bar truss examples and
finishes by presenting a complete program for general truss analy
sis, which is then applied to a more complicated example. These
techniques are modified in Chapter 4 for the static and dynamic
analysis of frames, restricted to two-dimensional cases and linearelastic systems. Chapter 5 relates to situations where exact sol
utions may not be available. For this purpose the Rayleigh-Ritz
and Galerkin methods are described. No subroutines are given in
this chapter.
Chapter 6 deals with the finite element technique and
applies it to an extended Laplace or Poisson equation. To do this,
the program for the static analysis of trusses is used as a base and
the necessary modifications made and explained. This program is
then applied to the problem of the torsion of a prismatic bar of
elliptical cross-section. A program for the finite element analysis
of plane stress problems is also developed by modification of the
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same earlier truss program. The chapter concludes with a dis
cussion and development of high-order elements. Chapter 7 con
tains some introductory fluid mechanics theory to permit a brief
explanation of the application of finite element techniques in this
area, particularly to streamline flow in a river and harbour reso
nance. No new subroutines are given in this chapter.
Overall the book, which is intended for undergraduate use,
is well written with care taken in explaining theory and its sub
sequent coding into computer subroutines. There are 54 such sub
routines, all with ample comment lines and many with accom
panying flow-charts. A complete list of these routines is given after
the contents. A number of practical examples are given throughout
the book, with actual computer output shown, to illustrate the
operation of the programs. Particular care is taken to describe the
formation of various matrices and figures are included to show the
positioning of elements and the overall form of the matrix. Each
chapter includes a bibliography and/or references.
There is a strong feeling in reading the text that all has
been done for the reader by the authors, even though there are
exercises (without answers or solutions) at the end of each chapter.
The undergraduate student would have been better served by the
use of a number of the subroutines as exercises, with the given
subroutines then being shown in a solution section. This could
have been done particularly in Chapter 2 with the subroutines for
matrix operations. For example, the subroutine for the transpose
of a rectangular matrix is followed by that for a square matrix.
The latter could have been left for the student.
The authors have achieved their aim, expressed in the pre
face, of providing “a simple and practical text on the bases, applic
ations, and computer implementation of numerical methods for
engineering problem solving”. A most useful text for engineering
undergraduate use, with the chapter on finite element techniques
most useful for those venturing into that area. The book will also
serve as a source of useful computer subroutines for engineering
and science application.
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Fundamentals of Computation Theory — Proceedings of the 1977
International FCT Conference, Poland, 1977. Editor, Marek
Karpinski. Springer-Verlag, Berlin, 1977, DM 43, xi + 542
pages. (Lecture Notes in Computer Science Series, Vol. 56).
This collection of papers in computational theory will be
of interest to computer scientists and mathematicians who are
doing research in the areas of automata, formal languages, seman
tics, categories, and complexity. The majority of papers are of
European origin with a substantial number from Eastern Europe.
Because of this the reader will be able to ascertain fairly accurately
the quality and direction of theoretical computing research being
pursued outside the main centres in Britain and the United States.
The few “mainstream” papers included are of the survey type and
are not much different from the papers that have recently appeared
in the annual IEEE Foundations of Computing Conference or the
ACM Symposium on the Theory of Computing.
No major new results are evident in this collection, although
significant and consolidatory work is reported.
It is impossible to do justice to individual papers in this
brief review. We therefore select, with a bias toward the Eastern
European (which we call simply “Eastern” for short) papers
because their content is less familiar to Western readers and certain
ly less accessible, representative results for discussion. Detailed
reviews of most of these papers eventually find their way into either
Mathematics Reviews or Computing Reviews; Our impression of
Eastern research in this area is that it is not as well-motivated by
practical computing considerations as Western research. This is
quite clear from the number of Eastern papers which are con
cerned with essentially universal algebraic constructions applied to
finite automata or their generalizations (Bukharajev, Gecseg, Knast,
Dassow, Mostawski, Roytberg, Wechler, Adamek, Staiger, Wagner),
thus presenting results which have the flavour of algebraic auto
mata theory and regular sets. We cannot honestly say we are
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unduly excited by yet more theorems in this area. More interesting
are the Eastern papers on semantics, complexity, categories, and
computational models. The results which we choose to describe
do not indicate our ranking of the papers in importance but merely
reflect our own interests.
There are the usual P ¥= NP and NP-completeness papers
(Budach, Radziszowski, Lipski). The Lipski paper shows the in
tractability of the following problems: (i) finding minimal cordinality keys for a set of functional dependencies; (ii) deciding for sets
of records whether they satisfy Ghosh’s 2D property. Comput
ational models are treated from several viewpoints (Janicki, Roytberg, Winkowski, Belaga, Muldner). Fans of Concurrent Pascal
and semaphores should read the Muldner paper which treats syn
chronization from the perspective of a new language developed in
Poland. There- are a number of categorical papers dealing with
graph grammars: Dittrich and Merzerich show how to move from
a tree syntax to a syntax for a many-sorted operator domain, con
sidered as an object of the category SIrneC, Ehrig gives two em
bedding theorems that may be used to show correctness for inter
acting algorithms dealing with arbitrarily linked data structures;
Schneider details some applications of these graph grammars to
large data base descriptions. In the field of languages and acceptors
Ada’nek and Trnkova’ prove that for a general machine every
recognizable language is regular and Trnkova’ investigates when a
finite non-deterministic acceptor may be replaced by a finite deter
ministic acceptor using the free algebra.
Mathematicians should be pleased with a number of papers
which examine classical problems from a computational stand
point. We cite the following as examples: linear diophantive equ
ations are shown to be in class P by Frumkin; classical set theory
is axiomatized in algorithmic form by Salwicki, and in particular
there is an interesting axiomatization of priority queues.
As a sample of the Western papers we recommend the
following .in accordance with our personal bias again without
meaning to rank the papers in order of significance. Buchi shows
that a class of- quantifier-elimination results can be unified by
considering formulas as two-person games; Munro surveys parallel
arithmetic and identifies the major open problems — as expected,
the difficult ones concern lower bounds; Arbib and Manes develop
their earlier work on semantics for programming schemes and
fuzzy automata. Mesequer shows that product preserving models
of enriched algebraic thesis are a natural way of dealing with of
ordered and continuous algebras. This last is of course connected
to the work of Lanverc on algebras and hence tied to the papers
of Wiweger and Obtutowicz.
We do not recommend individual purchase of this book.
Each of us found that about six papers were very interesting and
relevant to our work, and another six deserved more than a cursory
reading; we conjecture that this would be the case for readers
interested in computation theory. However, your computer science
or mathematics library should have a copy for reference.
NORMAN Y. FOO,
Department of Computer Science,
University of Sydney.
ROSLYN B. RILEY,
Department of Pure Mathematics,
University of Sydney
Proceedings of the International Conference on Distributed Com
puter Control Systems, 26-28 September 1977, Institute
of Electrical Engineers, pp. 188. $27.00.
This conference was jointly sponsored by the I EE in associ
ation with several British and European Institutes and computer
societies. The conference proceedings are most interesting in that
they reveal at a glance the enormous impact microprocessors have
had on the control of real-time systems. The papers fall into two
categories — those that detail specific projects and describe oper
ational systems, and those that discuss the merits of generalised
control schemes, as does the paper by S.J. Goldsack on co-operating
network microprocessors.
It is difficult to find a paper out of the 32 that were pre
sented that is not centered around the use of microprocessors, or
indeed, networks of microprocessors. A paper by T.G. Hamill and
R. Phillips describes a fault tolerant reconfigurable multiprocessor
system, in which system tasks can be continuously re-assigned to
processors especially in the case of error conditions. The paper
goes on to detail some applications in which such a network may
be most valuable.
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There are several papers describing software aspects of
computer systems, and a paper by J.D. Smart and B.M. Wood dis
cusses the use of the programming language CORAL 66 in com
puter control systems, and concludes that a host development
facility based on CORAL 66 provides numerous benefits in soft
ware development for distributed systems. A.V. Wells, in a paper
entitled ‘TOPSY — A Portable Real-Time Executive for MicroProcessors in Control’, describes a small real-time executive that
the author claims can easily be implemented on a variety of com
puters. Wells details already existing implementations for the
Motorola 6800, the Intel 8080 and the TMS 9900 processors, and
concludes with the comment that it is only through the use of
high-level languages, with host computers being used for program
construction, that reliable systems can be developed.
The topics covered by those papers describing specific
applications range from the simulation of road-traffic signals using
microprocessors to the operation and control of a tyre factory.
There are also several papers describing the control and manage
ment of power plants, and that of B.E. Marsh describes a multi
processor system using LSI-11 cpus of which several are in turn
connected to a central IBM 370 via PDP11/34 computers. The
LSI-11s are concerned with monitoring aspects of the power plant
such as circuit breaker positions and alarm indications, while the
PDP11/34 computers act as control centres for groups of the
microprocessors. Data is periodically transferred over links from
the PDP11/34s to the IBM 370 for storage and analysis. Soft
ware for the LSI-11s is written in assembler, while the DEC oper
ating system RSX-11M is used for program development on the
PDP11/34s.
The papers presented at this conference are of a high stand
ard, and detail state-of-the-art applications of what have come to
be known as ‘second generation’ modular computers, such as the
Intel 8080 and M6800. It is most interesting to see the large
number of applications using networks of processors in both tightly
coupled and loosely coupled fashion — the use of such systems
outside the real-time application environment is still quite rare.
The papers presented should be of interest to anyone in
volved in control systems and real-time applications, as well as
to those interested in the use of microprocessors and computing
networks.
JEFFREY TOBIAS,
Australian Atomic Energy Commission

Infotech State of the Art Report, On Line Data Bases, Infotech,
1977, pp 698, Vol. 1. Analysis and Bibliography Vol. 2.
Invited Papers. Price: $US215.
If you are looking for answers to questions relating to on
line data bases these are the books for you. Admittedly not all
the aspects are treated with equal depth and coverage and further
more you’ll have a lot of work to do sorting the wheat from the
chaff but by and large it’s all there. To mention but a few aspects:
Management Criteria for Implementing On-Line Data Bases, Man
agement Problems to be anticipated, Examples of Working Applic
ations, Insight into problems of Restart and Recovery, Expect
ations for Distributed Data Bases, Trends in Data Base Architecture
and so on. My general feeling was that U.K. and European experi
ence with DB systems was no further advanced than that here in
Australia, particularly in the field of Mini-Computer-based
systems. However the U.S. originated review paper on Distributed
Data Bases (Severino, E.F. and Hannan, J., “Operational and
Technological Issues in On-Line Data Bases”) which gives insight
into current and future problems in Distributed Data Bases is
excellent as is the Bibliography; in fact the volumes are almost
worthwhile to obtain the Bibliography alone!
There are 21 invited papers and seven Review Sections
namely Introduction, Implementation, Data Base System, DC
Monitors, Performance, Reliability, and Distributed Data Bases.
Is it any wonder I am not able to give a complete overview in a
few paragraphs? Suffice it to say that I recommend the use of
the volumes in the manner of an encyclopaedia with some inform
ation on just about every aspect of current interest but believe
that in general the original papers cited will need to be sought if
any real depth is required.
A.Y. MONTGOMERY,
Monash University
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