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BASE24™
ELECTRONIC FUNDS TRANSFER (EFT)
Software Package
BASE24™

is a comprehensive Trans
action Authorisation and Switching
system for financial institutions such as

Banks, Building Societies, Credit
Unions and for other organisations
including Retailers and Oil Comp
anies to extend a wide range of on-line
services

to

their

customers

using

ATM’s (Automated Teller Machines)
and POS (Point of Sale) devices.
The institution’s selected devices are
connected to a Tandem NonStop ll
computer or a distributed network of
Tandem NonStop systems and with
BASE24™, a reliable, fault tolerant,
service; 24 hours per day, seven days
per week, 365 days of the year is
provided.

COMMUNICATIONS
APPLIED
INCORPORATED, first installed a
shared EFT network based on Tandem
NonStop computers for a major U.S.
bank in 1978. Since then they have
installed more than 50 additional EFT
networks for large financial institutions
worldwide and in Australia.
Of equal importance is that each install
ation was customised to the specific
retail EFT strategy of participating
institutions.
Each customer decides which ATM or
ATM’s his institution will support. He
selects his teller, POS, and administra
tive CRT vendor. He decides on a
proprietary or shared network and
whether to offer debit and/or credit

cards, a proprietary card, or all of them.
He elects to participate with other
switched networks or authorisation
centres.

BASE24“

offers institutions a proven
application software package on a
TANDEM NonStop computer system,
supported with our technical resources,
our experience, and our commitment to
your EFT strategy. We develop, test and
install the complete system.
The future is at hand as a total NonStop
software package.
Management Information Systems Pty.
Ltd. markets and supports BASE24'“
and other ACI software packages on
Tandem NonStop systems in Australia
and New Zealand.

DISTRIBUTED IN AUSTRALIA BY

MANAGEMENT INFORMATION SYSTEMS PTY. LTD.
Incorporated in Victoria

3 Bowen Crescent,
Melbourne, Vic. 3004
Telephone: (03) 267 1577

22 Atchison Street,
St. Leonards, N.S.W. 2065
Telephone: (02) 438 4566

20th Floor, William City Centre,
Boulcott Street,
Wellington, NZ. Telephone: (04) 72 3286
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"News Briefs from the Computer World” is a regular
feature which covers local and overseas developments in
the computer industry including new products, interest
ing techniques, newsworthy projects and other topical
events of interest.

COMPUTER MESSAGE SYSTEMS
FOR THE DISABLED
1FIP; the International Federation for Information
Processing, has a Working Group on Computer Message
Systems (IFIP WG 6.5). A subgroup has been established
to study the applications of computer message systems
(“electronic mail”, etc.) in assisting people with commu
nication impairments (blindness, deafness, physical disa
bilities, etc.).
The subgroup has as goals: to promote contacts
between people working in this area with different
kinds of disabilities, and in different countries; also to
examine the standards for interconnection of different
devices and systems in order to promote international
compatibility of interfaces. The subgroup also hopes to
publish a low-cost newsletter in order to further these
goals.
Dr Julian Davies of the Department of Computer
Science, University of Western Ontario, London, Canada
N6A 5B9, would like to hear from organisations and in
dividuals working in this area, to assemble a mailing list
for the prospective newsletter; also to receive descrip
tions of work in progress that relate to the focus of com
puter message systems for the communication impaired.

ACM PUBLISHES INFORMATION SYSTEMS
CURRICULUM RECOMMENDATIONS FOR
UNDERGRADUATE AND GRADUATE
PROGRAMS
The Association for Computing Machine has publish
ed a new set of curriculum recommendations for colleges
and universities entitled Information Systems Curriculum
Recommendations for the 80’s: Undergraduate and Gradu
ate Programs. The recommendations are based on a report
of the ACM Curriculum Committee on Information
Systems, chaired by Dr Jay F. Nunamaker of the Univer
sity of Arizona.
The report is an update of ACM’s 1972 and 1973
curriculum recommendations for bachelor’s, master’s, and
doctoral level programs in information systems based on
advances in the field over the past ten years. The report
emphasises the continuing need for education related to
the definition, analysis, design, construction and manage
ment of information systems in organisations. The struc
ture of bachelor’s and master’s level programs are descri
bed with course outlines, course objectives, instructional
modes, and a list of topics included. Each topic is weighted
in terms of a suggested percent of time dedicated to the
subject.

information Systems Curriculum Recommendations
for the 80’s is available for $7.50 for ACM members and
$10.00 for non-members, prepaid from ACM Order Depart
ment, PO Box 64145, Baltimore, MD 21264. Order No.
201830.

CALL FOR PAPERS
The Seventh Australian Computer Science Confer
ence (ACSC-7) will be held at the University of Adelaide,
6-8 February 1984.
Papers on original work in any area of Computer
Science are invited.
Intending authors are requested to submit two copies
of an eight to ten page paper in near-final form as soon as
possible, but no later than 16 September. All submissions
will be refereed. Authors will be notified of acceptance or
rejection by mid-November. Final, camera-ready papers,
are required by 16 December.
1.

2.
3.

The paper should contain no more than 10 single
spaced, A4 pages including the title, author’s name
and affiliation, and a 100 to 200 word abstract.
Title, author information and abstract should not
be on a separate cover page.
Type with side margins of 2.5 cm, top margin of 3
cm, and bottom margin of 2.5 cm.

All correspondence regarding submission of papers
or attendance at the conference should be addressed to
The Secretary, ACSC-7, Department of Computer Science,
University of Adelaide, GPO Box 498, Adelaide, SA 5001.
(Continued on page Hi, following page 120)
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Applications are Invited for the above post for appointment from 1
lanuary 1984 or as soon as possible thereafter, Appointment will be
node accardng to qualifications and experience on the scale R21237
: 936-24 045 x 1035-26115 p.a. In addition a service bonus of
ready one month's salary is payable annually.
‘reference will be given to applicants whose Interests are In one or
nore of the major fields of non-numerlcal computing particularly
irogrammlng languages, artificial Intelligence, database systems or
iperatlng systems. The successful applicant will be required to take
>art In undergraduate and postgraduate teaching and to undertake
esearch.
Staff benefits include 75% remission of tuition fees for dependants at
JCT, generous research leave, an attractive housing subsidy, pension,
nedleal aid and group life assurance.
Applicants should submit a curriculum vitae stating research Interests
and publications, experience, present salary, the date duty could be
assumed and the names and addresses at three referees.
Further Information may be obtained either from Mr J Hennings, SA ,
, Universities Office, Chichester House, 278 High Holborn, London
j-, WC1V 7HE, or from the Registrar (Attention: Appointments
Jt
||, Office), University ot Cape Town, Rondebosch, 7700, South Jf§
Hit! Africa, by whom applications must be received not later JttS
Ns§0&
than 31 August 1983.
J0§f'
A
The University's policy Is not to discriminate on
the grounds of sex, race or religion.
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III.,. Implementation of this policy
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Associate Professor
in Computer Science

Australia’s biggest computer event — ever!
Royal Exhibition BuMIng, MELBOURNE 27th-30ih Sept., 1983
This is the big one! Bigger than the 8th
'Horld Computer Exhibition of 1980,
Bigger, in fact, than any computer
exhibition ever held in the southern
hemisphere. It’s the 10 ACC Exhibition,
an event you cannot afford to miss.

Six times bigger than
any computer exhibition

heldthlsyear.
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The scope of the exhibition is, in a
word, breathtaking. Imagine, 23,000
square metres of the most modern
computer technology in the world.
All the very latest — 1rom micro
computers through to the largest
networks and main frames.
Hardware and software — it's all
there. Plus displays by specialist
manufacturers and associated
suppliers. Millions of dollars of
equipment for you to see operating,
hundreds of technical people to
talk to. This Exhibition is
Australia’s equivalent of the
American National Computer
Conference.

10 ACC Lecture Program
Write or phone now for details —
program includes 72 lecture
sessions, 6 technology up-date
seminars and 7 workshops —
all for only $250. Top national
"•TV ,
and international speakers will
be featured. (03) 598 5157

Sponsored by The Australian
Computer Society Inc.
Hours: T uesday, Wednesday,
Friday, I0am-6pm
Thursday, lOam-lOpm

Admission
T rade: $2 (includes free
comprehensive catalogue).
Please Note: Trade means those who
present trade invitation, business card or
introduction on company letterhead.
To avoid disappointment book your
Ansett airfares and accommodation now.

The Aiistnljan

For further information
contact the organisers:
pS Riddell Exhibition
K?/ Promotions Pty Ltd
Riddell House,
137-141 Burnley Street,
Richmond, Vic. 3121.
Telephone: (03) 429 6088
Telex: AA31494MTC85
RP557
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Editorial

Speculation on “how many angels might dance on the head of a pin” was never really relevant, and is
no longer fashionable. Speculation on “will the practice of computing provide the basis for the establish
ment of a profession” should be relevant to readers of this Journal. The trouble for those who wish to
discern a profession within the present practice of computing is that it is rapidly becoming very popular and
widely practised. Many who practise have extensive training, and behave responsibly and professionally; but
many others are genuinely amateurs (in the truest sense of that word) who dabble with delight, but with
very little real insight.
Although the computer revolution is already well and truly upon us, it is still too early to predict
reliably what will form the base for a stable, long-lasting computing profession or professions. One of the
distinguishing characteristics of a profession is a substantial body of knowledge that should be mastered by
its members. Anyone who has examined the first three tomes of Donald Knuth's “The Art of Computer
Programming” cannot fail to be impressed that computing is not only an art, but a science based on much
knowledge. Moreoever much of this is set at an intellectual level way beyond those levels attainable in
high school. Thus, not surprisingly, there is established opinion that the minimum standard for entry into a
computing profession should equate to intensive training at the tertiary level.
The first paper in this issue of the Journal, “Professionalism — its educational aspects”, by T.R. Earle
and E.P. Fitzgerald canvasses several aspects of professional education. In particular, they raise the question
whether tertiary academic courses in computing may already have reached an adequate intellectual level,
and that further development may lead to “credential creep”. Clearly the resolution of this question must
depend on what kind of profession we hope to establish; I believe the answer is still a resounding “no”.
Determining adequate levels of formal credentials is a matter of concern both for members of the
Australian Computer Society, and for those who would establish a computing profession in Australia. These
two groups are not necessarily the same. At this stage of its development, the majority of the members of
ACS, and in particular of its senior hierarchy, do not possess formal tertiary qualifications in computing.
But what of those recent graduates who do have such formal qualifications? Are they joining the ACS?
What if we gave a party and nobody came?
In the July 1983 issue of the newsletter for the NSW Branch of the ACS, it is noted that while that
state branch's membership now stands above 4,000, there are still an estimated 26,000 or more potential
members who have forgone the opportunity to join the ACS. It is entirely relevant to ask whether a com
puting profession of the future is more likely to be based on the levels of achievement, competence and
inspiration of the 4,000 who are members of the ACS now, than on those of the 26,000 who aren’t?
Although this point is not discussed by Earle and Fitzgerald, the ACS must discover what the real percen
tage is, of college and university graduates with formal tertiary qualifications in computing who choose to
join the ACS. And if this is not high enough, what does the ACS propose to do about it? If the trained
graduates prefer not to join the ACS, what then? Does the ACS have a strong policy of on-campus recruit
ment? The kindest answer to the last question must surely be “not yet”.

CHANGE OF ADDRESS - NATIONAL SECRETARIAT
The National Secretariat has moved to new premises at Suite 3709A, 37th Floor, MLC Centre, 19-24
Martin Place, Sydney NSW 2000. The new postal address is Box 4944, GPO, Sydney, NSW 2001. New phone
number (02) 232-5344.
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Professionalism — Its
Educational Aspects
1

T. R. Earle* and E. P. Fitzgerald*
The majority of decisions of the Australian Computer Society have been concerned with the
education and training of computer professionals. Problems may occur when a professional organisa
tion sets educational requirements, for example, credential creep, artificial barriers, stereotyped
courses through control of accreditation, and training rather than education. Strategies for overcoming
these problems and enhancing future professional standing are discussed.
Keywords and phrases: professionalism, computer education, manpower planning, accredita
tion, continuing education, in-service training, registration.
CR categories: K.3, K.7.

1.

INTRODUCTION
The debate on professionalism in the Australian
Computer Society (ACS) has ebbed and flowed in the last
few years. Some ‘DP'e'rs’ have equated professionalism with
the computer industry growing up. Yet after thirty years
we still hear regularly of examples of poor professional
practices. Kevin Fitzgerald (1981) in Comdec Yearbook
1981/82 stated that the Computer Abuse Research Bureau
has revealed 53 cases of computer abuse in Australia during
1975-80 and he claims that this is only the tip of the ice
berg. Even more telling, are the many examples of incom
petence perpetrated by well-meaning but inept practit
ioners (Edmond Fitzgerald, 1982).
What is professionalism? Webster (1971) defines a
profession as "a calling requiring specialised knowledge and
often long and intensive academic preparation”. If we look
to the business world for a definition, Kohler (1970)
defines a profession as "a vocation generally recognised by
universities and colleges as requring special training leading
to a degree distinct from the usual degrees in arts and
sciences, but further, recognising the obligations of public
service and of public interest, and having a code of ethics
generally accepted as binding upon its members”. In review
ing accounting education, Carey (1973) noted that well
established professions have several common characteris
tics:
“(a) Essential services are rendered to society.
(b) The professional is governed by a code of ethics
which is enforced through disciplinary procedures.
(c) Admission to the profession is regulated by law.
(d) The profession has an identifying designation recog
nised by law.
(e) The members possess a specialised body of know
ledge acquired through formal education.
jAn earlier version of this paper was presented
Queensland Branch Conference at Cheeribah, 1982.

at the ACS

Copyright © 1983, Australian Computer Society Inc.
General permission to republish, but not for profit, all or part of
this material is granted, provided that AC) ’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.

(f)

The profession has a language of its own which is
fully understandable only by its members.”
All of these definitions stress the importance of for
mal education or intensive academic preparation for a
profession. The purpose of this paper is to address this
area of specialised education for the computing profession
and the interaction between the tertiary institutions who
supply the education and the professional body, the ACS.
In particular the next section provides a brief background
of professionalism in the ACS and then we discuss some of
the problems of accrediting courses for the profession.
Finally we make some recommendations for ensuring the
educational requirements of the profession are met.
2.

BACKGROUND OF PROFESSIONALISM
IN THE ACS
From its inception in 1966, the ACS has constantly
sought to improve the professional competence and stand
ing of its members.
2.1

Early Developments: 1966-75
In its first ten years of existence, the ACS made very
significant progress towards the above goal. At least seven
major steps can be identified.
1.
January 1966: A Qualifications Advisory Committee
was set up at the very first meeting of the Council of
the ACS.
2.
January 1969: The requirement of two years exper
ience for admission to the grade of member was
adopted.
3.
May 1969: Higher professional standards for mem
bership were introduced through the various grades of
Fellow, Member, Associate, Affiliate and Student.
4.
August 1969: The experience requirements for the
grade of Member were increased to 5 years and Asso
ciate to 2 years.
5.
June 1973: A required standard of knowledge for ad
mission to the grades of Associate and Member was
established.
6.
Early 1974: The Membership Standards Committee
was instigated to accredit courses which would meet
the knowledge standards for admission to the grades
of Associate and Member.

*The authors are with the School of Business Studies, Darling Downs institute of Advanced Education, PO Darting Heights, Toowoomba,
Queensland, Australia 4350, Manuscript received February 1983, revised June 1983.
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January 1975: A recognised tertiary qualification was
specified to satisfy the Society’s standard of know
ledge for admission to the grade of Member and it
was proposed to phase out the “experience only”
criteria for professional membership as from 1 Janu
ary 1980,

2.2

The Next Seven Years
Whilst there have been fewer milestones and even
some backpedalling (e.g. retention in January 1980 of
“experience only" provisions for admission to the profes
sional grades despite resolutions to the contrary in January
1975), nevertheless the ACS has continued to be active in
promoting the goal of professionalism. Over this period it
has adopted a multi-faceted approach to achieve this impor
tant objective including:
(a)
establishing criteria for recognition of academic qual
ifications and also for work experience;
(b)
registering computing courses offered by commer
cial teaching organisations;
(c)
in-service training through Professional Development
Seminars and Courses;
pre-service training through the Computer Training
(d)
Scheme;
(e)
publication of the ACS Code of Professional Con
duct;
(f)
a proposal to phase out by 1987 of the “experience
only” provision for admission into the ACS profes
sional grades of Member and Associate; and
(g)
a proposal currently being deliberated to establish a
register of computer professionals,
2.3

Current State of Professionalism
By comparing the above resolutions of the ACS with
the characteristics of well-established professions as defined
by Carey (1973), the degree of development of profes
sional criteria can be appreciated. In particular the follow
ing professional criteria have been ratified to date by ACS:
(a)
essential services are rendered to society;
(b)
the professional is governed by a code of profession
al conduct (however the code is not yet enforced
through disciplinary procedures);
(c)
all members in the future will possess a specialised
body of knowledge acquired through formal educa
tion; and
(d)
the profession has a language of its own which is
fully understandable only by its members.
Therefore, in the words of Wastie (1982), the imme
diate past president of the ACS, “. . . the ACS can rightly
claim to be the pace-setter in the Australian computer
industry for professional standards of knowledge and
behaviour.”
3.

ACCREDITATION PROBLEMS ASSOCIATED
WITH PROFESSIONALISM
Because the majority of decisions of the ACS have
been concerned with the education and training of com
puter professionals and because of the current interest in
this topic following recent comments by the ACS Presi
dent (Goldsworthy, 1982a, 1982b), we will now examine
four specific problems that may occur when a profess
ional organisation sets educational requirements for entry.
(a)
credential creep;
(b)
artificial barriers;
The Australian Computer journal, Voi. 15, No. 3, August 1983

(c)
(d)

stereotyped courses through control of accreditation,
training rather than education.

3.1

Credential Creep
One requirement for a profession is that its members
possess a specialised body of knowledge acquired through
formal education. The specification of particular know
ledge and skills for a job is called credentialism. Generally
for professions, credentialism is based upon tertiary educa
tional qualifications. The term credential creep refers to the
gradual increase over time in the level of credentialism re
quired for a particular job or occupation.
Sometimes employers demand credentials that are
not necessary for a particular job and in these cases, the
employers are using the level of credentials to make a short
list of applicants for a position rather than as a criterion for
the requirements of the position. A sustained use of creden
tials in this manner encourages credential creep to occur.
Thurow (1974) made this point when he argued that em
ployees may be forced to seek higher qualifications not to
meet the demands of the job but simply to maintain their
position relative to their colleagues.
. . the job competition model indicates that educa
tion may become a defensive necessity to private individ
uals even if there are not net social returns to education. As
the supply of education increases, individuals find that they
must improve their education simply to defend their
current income position. If they do not, others will, and
they will not find their current jobs open to them. Educa
tion becomes a good investment, not because it raises an
individual’s income above what it would have been if no
one had increased his education, but because it raises his
income above what it would be if others acquire an educa
tion and he does not. In effect education is used to protect
your market share.”
In the above situation the improved education level
of individuals may benefit society socially in the area of
“the educated man” but does not enhance effective job
performance. As such this represents unnecessary creden
tial creep. On the other hand in an area such as computing
that has a growing body of knowledge and skills require
ments with a corresponding increase in the demands of
skills required for a position then credential creep must
occur.
To date tertiary qualifications are not normally a pre
requisite for such positions in the computer industry as
programming and systems analyst. If we seek to encourage
professionalism in the computer industry by specifying a
tertiary degree as pre-requisite for membership of the
“profession” are we promoting unnecessary credentialism?
To answer this question, the Australian Computer Society
(ACS) must examine the type and level of credentials that
are required. Also, if a degree is prescribed now for mem
bership do we allow further credential creep to occur and
require a four year Bachelor instead of three years or a
higher degree in another ten years? Greater credentialism
requires a higher level of education and this results in an
extension of the time period in which a student is required
to remain in an institutionalised education situation. For
example, in the USA in the accounting area currently, there
is a push for credential creep to occur by extending the
length of the undergraduate degree by one year. To deter
mine if credential creep is necessary or not the computer
industry must evaluate the real needs for changes in its
educational requirements.
87
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Over the past seventeen years, the educational re
quirements for admission to the grade of Member have
changed quite significantly, in the beginning anyone who
was actively engaged in computing, no matter what their
educational qualifications, was admitted; by 1987 it is
planned that a Bachelor’s degree with a major in Com
puting will be required as part of the entrance require
ments. It appears that members accept that this mag
nitude of credential creep is justified by the needs of the
profession.
As more computer education is introduced at both
the primary and secondary education levels, students
will have a greater depth of knowledge in computing
before commencing tertiary education. This higher entry
knowledge level will enable higher levels of knowledge to
be achieved in an undergraduate’s degree. In the future,
students will surpass the present education level long
before they complete the specified degree or award
required for credentialism. So even by keeping the cre
dential requirement at degree level we will in fact be
allowing credential creep to occur.
In the future the level of credentialism required is
likely to change substantially. With the widespread appli
cation of fourth generation languages and artificial intelli
gence the level of formal qualifications required for a
“programmer” could decrease. On the other hand the level
of technical expertise to produce and maintain these fourth
generation languages, graphics packages, etc. is likely to
increase and hence the current level of undergraduate train
ing in computer science could be inadequate. Most likely
we shall see the same problem of industry dislocation that
the introduction of computers in other industry has caused,
occurring within the computer area itself with a correspon
ding need for retraining and a redefinition of credential re
quirements.
3.2

Artificial Barriers
In some instance, the over-supply of labour in
particular professions has resulted in attempts by the pro
fessional organisations to restrict entry into those vocations
through raising the educational requirement for admission.
This is sometimes undertaken in collusion with colleges and
universities who in the past have been willing to supply the
educational packages to support the rising levels of educa
tional certification necessary for entry. Even without the
overt support of the educational institutions, this can be
achieved indirectly by professional organisations gaining
membership of the course assessment committees which
evaluate the suitability of courses for accreditation; in this
role they are able to directly influence the content of the
course.
Greater credentialism raises a number of problems
for students. The increase in the level and consequently
time required to gain certification may unduly penalise
students from the lower socio-economic group. Institutions
may condition their curriculum to the narrowly technical
requirements imposed by professional bodies for certifica
tion. Students may be excluded from entering professions
despite the fact that professional groups by their certifica
tion procedures, have created manpower shortages in the
occupations (Niland, 1979).
Where professional bodies control the right to prac
tice in a particular profession, the consumer and the poten
tial member of that profession may suffer. Therefore, we
should be aware of the implications of professional groups

using tertiary educational qualifications not necessarily to
raise the competence of the profession but to enhance its
prestige and restrict entry. In the authors' opinion this is
not occurring in the computer field to date; there is a
requirement for intensive training to operate effectively
in the computer field today.
3.3

Stereotyped Courses Through Control
of Accreditation
Accreditation of a course means that it has met the
approval or recognition in terms of standards set by a
public body and/or a professional association.
The main benefits of accreditation are that;
(a)
it guarantees the standard of an award and through
registration provides national recognition for em
ployers and professional bodies;
it is a form of accountability for public funding of
(b)
courses;
(c)
it enables students to transfer between courses;
(d)
it encourages institutions to improve and appraise
their programme.
On the other hand, the adverse effects of accreditation can
include;
(a)
outdated courses due to unwieldly accreditation
processes; and
(b)
stereotyped courses due to too rigid control of
accreditation.
The process of accreditation varies between univer
sities and colleges of advanced education. The former have
an internal process of accreditation whereby the courses
are approved by university academic committees. The
amount of external liaison is dependent on the individual
policies of faculties and universities.
Colleges of advanced education have a more forma
lised external process. Besides the internal academic com
mittee, each course has its own course advisory committee
which is made up of representatives from industry, public
service and external academic institutions. The objective
of these committees is to advise on the vocational rele
vance of the course and advise on the review and improve
ment of courses. The course submissions for accreditation
are evaluated by a course assessment committee appointed
by the state board of advanced education and the report
of the committee is communicated through the college
council to the board of advanced education who may
approve the accreditation of the courses or may appoint
a further committee to review the course. The process of
accreditation in colleges of advanced education is rather an
arduous process in that the course accreditation submission
has to pass through some eight committees.
In some overseas countries such as the USA, the pro
fessional accreditation system is just as tortuous. In the
USA where the cost of accreditation can reach $20,000 per
course (Jacobson, 1979), surveys of institutions reveal that
administrators are starting to ask “Why bother at all?” The
Dean of a large business college in the US (Jacobson, 1979)
has remarked “Why should I spend $20,000 for someone
to tell me what I already know”.
Given the emerging professionalism in the computer
industry it is important that the ACS be aware of the prob
lems of time delays in lengthy accreditation. The computer
industry has a history of rapid changes and any accredi
tation process must be able to respond rapidly.
Furthermore the ability of tertiary institutions to
innovate and create courses that are responsive to the chan
The Australian Computer Journal, Vol. 15, No. 3, August 1983

Professionalism

ging needs of the profession can be inhibited by rigidly con
trolled accreditation processes. The current requirements of
the ACS which specify the minimum percentage of the
course to be devoted to computing subjects allows institu
tions the necessary flexibility to design appropriate units.
Some professions have gone to the extreme of specifying
subject content. This rigid control inhibits the ability of
course authorities to cope with rapid changes and results in
stereotyped graduates and a reduction in the creativity and
variety of the profession. Therefore the ACS should
continue its current policy of encouraging course flexi
bility by not overly specifying course content.
Training Rather Than Education
The move to professionalism in computing has placed
an increased emphasis on specialised training for the prof
ession. There is a risk that this may lead to a dilution in the
educational aims which any degree course should satisfy
irrespective of disciplinary specialisation.
A closely associated problem relates to the nature of
the educational diet provided by tertiary institutions. When
fourth generation software is in general use, employment
opportunities for computer professionals may be greatly
reduced. Therefore, courses may need to be less specialised
in a discipline area and have a broader base to enable
members to adapt to the changes within the industry and, if
necessary, to change careers.
A degree may be vocationally relevant without
becoming simply a substitute for professional training.
Vocational relevance implies that a graduate possesses the
specialised knowledge and understanding of the discipline
which will be relevant to the career he chooses. However,
in addition a student must develop all the qualities one
would expect of a graduate in order to have the flexibility
to adapt to a rapidly changing environment.
In particular, degree education must ensure that pro
vision is made for study in adequate depth and breadth and
that the student’s powers of assimilation, analysis and
synthesis are developed. It must develop an understanding
of the processes of deductive and inductive reasoning and
must show how these processes link the theoretical frame
work of a subject with its practical manifestations. Finally
a fundamental goal of a college or university education
must always be to produce an individual who can and will
continue his own education (Dressel, 1965).
Although this requirement is important to all degrees,
it is of particular importance to computing because of the
rapidly changing state of the industry. Practical knowledge
taught in a degree may be obsolete within five years or less.
Unless a graduate continues his education throughout his
professional career, his skills will soon become outdated.
We can ensure the above aims of degree education by
exposing students to subjects related to the computing
area such as quantitative studies, sociological/behavioural
studies, accounting studies, etc. The ACS needs to recog
nise and endorse the necessity for relevant basic education
in addition to practical training and work experience. One
role of colleges and universities is to provide the tertiary
degree level to achieve the former; whereas the latter must
be achieved through a continuing programme of self
education facilitated by the professional organisations and/
or the colleges. A membership requirement that specifies
only a prescribed knowledge level will not ensure the con
tinued maintenance of professionalism.

4.

RECOMMENDATIONS
In the foregoing part of this paper we have raised
some of the problems that may occur when the profes
sional body prescribes the educational requirements for
entry to the profession. Therefore it is appropriate that we
conclude this paper by suggesting some strategies which
may enhance the future professional standing of the ACS.
4.1
(a)

3.4
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(b)

(c)

4.2
(d)

(e)

Educational Requirements for Entry to the
Profession
The ACS must be prepared to review continually its
educational requirements for the profession in order
to avoid credentialism for its own sake. If employ
ment opportunities in the profession decline it will
be better to rely on market forces rather than crea
ting artificial barriers to restrict entry to the pro
fession through increased educational requirements.
It would be beneficial to industry and the profes
sion if manpower forecasts could be published by the
ACS. These forecasts should take account of the im
pact of fourth generation languages, etc. on the com
puter profession. With this information a student
could make his own decision about his future career
rather than being forced to jump academic hurdles
to obtain higher qualifications to ensure a job be
cause of credential creep.
The ACS should take an active rote in promoting a
more formalised liaison between educational institu
tions and industry in terms of work exchange pro
grams. The computer industry should be prepared to
offer short term employment positions to academics
to enable them to update their practical work exper
ience. Similarly the industry should be prepared to
release experienced employees for short term teach
ing contracts in colleges. These exchanges will
enhance the teaching programmes and learning exper
ience of the students which will then profit the indus
try and the profession.
Accreditation Process
The ACS should maintain its current policy of speci
fying the minimum computing percentage of courses.
The ACS should not attempt to set a series of pre
cise content requirements or sit in judgement on
specific elements of courses. As there is a need for
computer subjects to be updated on a yearly basis,
this should be undertaken by the educational institu
tions and not in some lengthy accreditation process.
Sufficient professional control can be achieved by the
ACS providing broad guidelines for courses and by
members of the profession seeking appointments to
course advisory committees.
Due to the rapid changes faced by the computer
industry, it is more important for the computer pro
fessional to have developed the ability to further his
own education rather than have studied specific con
tent at only one point in time.
The ACS should maintain its audit approach to
accreditation. That is, accreditation should be more
concerned with monitoring the processes by which
courses are developed, taught and evaluated. If we
use the analogy of auditing in business, accountants
assume (almost all the time) that if the systems are
right then the figures are right. This approach will
allow institutions to develop courses which will be
89
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vocationally relevant and also satisfy the educational
goals of producing graduates who can adapt to change
in the future.

(c)

Professional Development through Continuing
Education
(f)
The ACS should examine more closely the formal re
quirements for and specification of continuing edu
cation. Given the rapid changes in computing, the
professional integrity of the computer industry can
only be maintained through in-service training of its
members. In the Smith and Ferranti report (1975)
it was emphasised that the need for continuing educa
tion of practitioners is larger than that for initial
education of inductees.
(g)
The ACS should adopt a more formal procedure for
recognising in-service training. For instance, this
could involve the issuing of Certificates of Compli
ance for Professional Development in a way ana
logous to the practice of the Australian Society of
Accountants (1979).
Registration by ACS could involve offering certifica
tion for a given period of time, e.g. 3 years based on
achieving a minimum level of in-service training during the
previous period. Activities to satisfy the requirements of
in-service training could include:
(a)
courses or seminars conducted by ACS or other
accredited bodies;
(b)
tertiary courses presented by universities or colleges;
(c)
appropriate training courses run by member’s em
ployers;
(d)
individual study of approved correspondence courses;
(e)
service on technical committees of the ACS;
(f)
preparation and delivery of formal courses and re
searching/writing of technical publications.
A minimum number of hours per period would be
specified, e.g. 120 hours.

(d)

4.3

5.

CONCLUSION
The concept of professionalism in computing has
been and still is being widely debated in Australia. Compu
ting has not reached the status of professionalism that is
designated by law and by strict educational requirements.
The problems such as credential creep, artificial bar
riers, stereotyped courses and training rather than educa
tion have been discussed. If the ACS is going to specify an
education level as a pre-requisite to entry to the profession
it is important that the ACS should be aware of these
potential problems. In addition, prescribed educational
level for entry to the profession does not ensure continued
competence in later years.
The following recommendations are suggested to
overcome these problems:
(a)
the ACS must be prepared to review continually its
educational requirements for the profession in order
to avoid credentialism for its own sake;
(b)
it would be beneficial to industry and the profession
if manpower forecasts could be published by 'the
ACS;

90

(e)
(f)

the ACS should take an active role in promoting a
more formalised liaison between educational institu
tions and industry in terms of work exchange pro
grams;
the ACS should maintain its current policy of speci
fying the minimum computing percentage of courses;
the ACS should maintain its audit approach to
accreditation; and
the ACS should adopt a more formal procedure for
in-service training.
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On the Generation of
Database Schemata
N. Prabhakaran* and D. Vermeir*
A conceptual schema describes the semantics of the real world. The conceptual schema is
implemented in an actual database system through its corresponding internal schema. The database
schema, which is a subset of the internal schema, maintains the consistency of the database. A set of
algorithms for the transformation of a conceptual schema into a database schema is presented.
Keywords and phrases: schema, record, primary key, constraint, optimisation.
CR categories: H.1.1, H.2.2, H.3.0.

1.

INTRODUCTION
Recently, the International Standards Organisation
(ISO, 1982) proposed a three level schema architecture for
database standardisation. This approach requires one con
ceptual schema, one internal schema, and one or more ex
ternal schemata for each database. The conceptual schema
represents every aspect of the real world completely and
unambiguously. It is independent of both physical imple
mentation details and external view aspects. An externa!
schema describes a view of the individual user on the con
ceptual schema. The internal schema takes care of physical
aspects such as storage and access mechanisms of the imple
mentation of the conceptual schema.
Clearly, the contents of the internal schema depends
both on the conceptual schema (e.g. physical allocation of
data, mechanisms for constraint checking, etc.) and the
various external schemata (e.g. provision of physical
support for required fast access-methods on data). For the
purpose of this paper, we are interested in that part of the
internal schema which is dependent only on the concep
tual schema. We shall use the term database schema to
refer to this subschema. The prime characteristic's of a
database schema are its independence from external sche
mata and its completeness with respect to the representa
tion of the semantics of the conceptual schema. In other
words, the database schema is the minimal subset of the
internal schema which is necessary to perform and validate
update operations according to the rules expressed in the
conceptual schema.
The following sections describe a method to trans
form a conceptual schema into a database schema. We
assume that the conceptual schema is described using the
NIAM (An Information Analysis Method) methodology.
Advantages of the NIAM methodology include the sim
plicity of the basic concepts, the strongly typed structure
and the careful distinction between abstract and naming
concepts. In addition, the model has powerful facilities for
expressing constraints.
The basic features of NIAM are explained in Section
2. The description of database schema concepts like record
structure and constraint specifications are dealt with in
Copyright ©1983, 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.

Section 3. Section 4 describes the algorithms used for the
generation of a database schema from a given conceptual
schema. It consists of four phases. Firstly, the reference
structure for each object type is found. Next the object
types which possess independent characteristics are iden
tified. Then record types are generated and constraints in
the conceptual schema are mapped onto the record types.
These algorithms are illustrated with a complete example in
Section 5. Finally, conclusions and possible extensions of
the algorithm are presented in Section 6.
2.

THE CONCEPTUAL MODEL NIAM
Facts and rules about a universe of discourse can be
modelled in many ways. NIAM described by Nijssen (1981)
is a tool to model the information about the real world.
The basic building blocks of NIAM are sentence types and
object types.
The object types represent the types of entities in
the real world. They are classified into non-lexical object
type (NOLOT) and lexical object type (LOT). A NO LOT,
also called an entity or object type, is a collection of ab
stract entities (e.g. ‘supplier’, ‘part’). Occurrences of nonlexical object types exist only through their properties
(i.e. sentences) which link them to other occurrences of
object types. As one eventually wants to reference and
identify occurrences of object types, we need the concept
of ‘self referencing’ or lexical object type (e.g. ‘suppliername’, ‘part-number’). Using lexical objects, one is able to
use naming conventions to uniquely refer to NOLOT occur
rences.
The sentence types represent the logical associations
among the object types. They can be of two types viz. idea
type and bridge type. An idea type represents an associa
tion between two or more NOLOTs. A bridge type shows
the relationship between a NOLOT and a LOT. A sentence
type is called binary (n-ary) if it is associated with two
(more) object types. All bridge types are binary sentence
types. The involvement of an object type in a sentence type
is represented by a role in the sentence type. A binary sen
tence type has two roles and a n-ary sentence type has n
roles. For a binary sentence type, each role is the co-role of
the other.
Nested object types can be built by treating a senten
ce type as an object type in another sentence type (see
Figure 1a). In this paper, we will assume that our concep
tual schemata do not contain nested object types. This
assumption is not a real restriction as a nested object type

*The authors are at the Department of Computer Science, University of Queensland, St. Lucia, Australia 406 7. Manuscript received December
1982, revised June 1983.
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schema is shown in Figure 2. NOLOTs are represented by
ellipses and lexical object types are shown by dotted ellip
ses. Sentence types are represented by a concatenation of
their ‘role boxes’, subtype links (see below) by an arrow
from the subtype to its supertype. The notation (XI) at
NOLOT X is a shorthand for

SUPPLIER

SUPPLY

SUPPLIER

PART
I UMBER

QUANTITY

SUPPLIER

SUPPLY

SUPPLIER

QUANTITY

The concept of a subtype, see e.g. Vermeir and
Nijssen (1982), allows one to construct complex hierarch
ies of object type classifications. A NOLOT, X which is a
subtype of another NOLOT Y, inherits all the properties
(roles) of Y (e.g. ‘MALE’ is a subtype of ‘PERSON’ in
Figure 2). In addition, a subtype may have additional prop
erties of its own. Thus, the set of all occurrences of a subtype NOLOT is a subset of the set of all occurrences of its
supertype NOLOT. Cycles in subtypes are forbidden. For
example, in the above case Y cannot be a subtype of X
either directly or indirectly through a series of subtypes.
The integrity conditions amont the sentence types are
called constraints. The constraints supported by NIAM
which will be of interest for our purpose are:
—
If each occurrence of a sentence type is determined
by the contents of a subset of its roles then these
roles are said to identify the sentence type. This type
of constraint is called an identifier constraint. It is
represented by a straight line over the roles involved
in the identifier constraint (e.g. role rp$ in Figure 2).

NUMBER

JIAME
Figure 1

(and its associated sentence types) can easily be transfor
med into an equivalent ‘flat’ structure (see Figure 1).
The graphical representation of a NIAM conceptual

PENSIONER

SOCIAL

FEMALE
ADMIN I STRATI

TECHNICAL

'

ADDRESS

JOB CODE

Figure 2,
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Every sentence type has at least one identifier con
straint which involves at least n—1 roles where n is
the number of roles in it. (This condition is often
referred to as the ‘irreducibility’ property of sentence
types.)
Similarly, it may be the case that two or more roles
each in different binary sentence types determine an
object type. For example, in Figure 2, two occurren
ces in roles r^p and rAp respectively determine at
most one occurrence of 'PERSON'. Such a constraint
is called a uniqueness constraint. It is represented by
an u-labelled arc connecting the determining roles.
Note that the ‘co-roles’ of the roles involved in a
uniqueness constraint must identify the sentence type
they belong to. Obviously it must also be the case
that none of the roles involved in the uniqueness con
straint carries an identifier constraint.
A total role constraint can be defined on a set which
may contain roles and/or subtype links {rA
where each role rA. belongs to a sentence type 5/ and
each Lj is a subtype link associated with a supertype
NOLOT A. It specifies that every occurence of A is
involved in at least one occurrence of either some role
rAj (and thus S,j or some subtype link L,- (i.e. the
occurrence is in the subtype corresponding to L,-). An
example total role constraint is {/>w} at ‘PERSON’
in Figure 2. A total role constraint is represented by a
dot on the connection of the set of roles and subtype
links to the object type.
A role rA in sentence type S, linked to NOLOT A is
termed as a total identifier iff rA is an identifier of S
and there is a total role constraint on {rAy (see role
rpA in Figure 2).
For roles rA^,rA^ defined in sentence types SpS2
respectively and associated with NOLOT A, if all
occurrences of A participating in rA 1 are present in
rA 2 then there exists a subset constraint between
rA 1 and rA2 (rA 1 < rA 2). In figure 2 there is a sub
set constraint between the roles rpS and rp/q at
‘PERSON’ (/y>5 < rp/q). A subset constraint can be
either an implicit or an explicit condition. In the
above case, since rppi has a total role constraint at
‘PERSON’ and rp$ does not, it is an implicit subset
constraint. If neither of them has a total role con
straint (e.g. rpp < rps at ‘PERSON’) then an explicit
subset specification is required. Subset constraints
can also be defined between multiple roles of differ
ent sentences as shown in Figure 3.

PERSON

Country

For roles rA vrA 2 defined in sentence types Si,S2
respectively and associated with NOLOT A, if none
of the occurrences of A in rA 1 may participate in
rA 2 and vice-versa then there exists an exclusion
constraint between rA 1 and C42 (rA 1 XrA 2) (see
e.g. rPAj and rpTj in Figure 2). The roles which are
involved in an exclusion constraint cannot have a
total role constraint. The exclusion constraints can be
defined between multiple roles of different sentences
as in Figure 3.
—
Exclusion constraints can also be defined between
subtype links. Such a constraint is called a subtype
exclusion constraint (see Figure 2).
To conclude this section we introduce three short
hand notations for binary sentence types. We say that a
binary sentence type S with roles r-\,r2 is 1:1 if both
{/q} and {f2} are identifier constraints of S. It is 1 :n(n: 1)
if only {ri} (-{>2}) is an identifier constraint. Finally in the
remaining case ( {''1T2} is an identifier) we say that S is
m:n,

—

3.

THE DATABASE SCHEMA MODEL
In this section we shall describe the primitive
concepts used in the database schema specification. A data
base schema consists of a set of record types and a number
of constraints.
Each record type has a unique name. A record type
contains at least one, possibly more, fields or data items.
Each field has a name which uniquely identifies it among
all the fields of the same record type. A field also has an
associated data type which specifies what values the field
can have in a record occurrence (e.g. integer, string of at
most 10 characters, etc.).
A field tuple is a set of fields belonging to one record
type with a specific ordering among the fields. For a field
tuple F, we shall use R(F) to denote its record type. A field
or a tuple of fields can be specified as being non-null which
means that every occurrence of the associated record type
must have a non-null value for this field(s).
An identifier constraint on a record type is defined as
a tuple of fields on the same record type. It implies that in
any population of the record type, at most one record
occurrence can exist for any combination of non-null values
in the fields of the identifying set. Some database manage
ment systems require a ‘primary key’ for each record type.
In our model, we shall therefore demand that each record
type has at least one identifier constraint which consists
solely of non-null fields. Conforming to standard terminol
ogy, the fields making up this identifier constraint will be
collectively referred to as the primary key of this record
type. In the subsequent sections, we shall denote the prim
ary key of record type R by Np>.
In addition to non-null and identifier constraints, we
shall need subset and exclusion constraints between (quali
fied field tuples. A subset constraint is described by an
expression
T0 < F] Uf2U... UFn

(PERSON JIAME)

(COUNTRY JIAME)

where n > 0 and each
F'm

Figure 3.
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where

or

Fm

is of the form

F‘m[F"m NONNULL]

F'm,F"m

(1)

or

F'm[F"mNULL]

are valid field tuples (i.e. all fields in a
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The meaning of expression (1) is as follows:
For every occurrence (say x) of record type R(Fq) such
that:
—
x has a non-null value for each field in F'q
—
all fields in F"q of x are (non—)null values (depen
ding on the form of Fq)
there exists an occurrence (say y) in at least one of the
record types R(Fm), 1
</?, say R(Fk) such that:
—
each field in F\ of y, matches the corresponding
field in F'q of x
—
all fields in F"p of y are (non-)null (depending on
the form of Fp).
Figure 4 shows a pictorial representation of a subset con
straint. The case where n = 0, i.e. a subset constraint of the
form

X

3

F'3

B.B1[B.tj.Al NONNULL]

field tuple belong to the same record type) and R(F"m) =

F‘0< or

ci

*<- ~

Subset Constraint

‘3

Figure 4.

(Dl)

X

5

F'5[F"5 NONNULL]

C.r4.Bl

X

B.B1[B.r^.Dl NONNULL]

matches the corresponding field in F'-\ and F" \ is true.
Note that exclusion constraints are commutative. An exclu
sion constraint is illustrated in Figure 4.
F'q

4.
4.1

TRANSFORMATION ALGORITHMS
Names for non-lexical object types
In a conceptual schema, every occurrence of a nonlexical object type must be ‘referencible’, i.e. it should be
possible to refer uniquely to any particular occurrence of a
NOLOT using only lexical names, and object type or sen
tence names.
As an example, in the schema of Figure 5 the room x
can be referenced by the phrase:
‘The ROOM with NUMBER “15” on FLOOR with
FLOOR__NR “5” ‘

F'q[F"q NONNULL] < or F'q[F"q NULL] <

FLOOR

will be interpreted as:
—
‘airfields in F'q must be non-null’ or
—
‘if, in any occurrence of R(F'o), the field values of
F'q are non-null then the field values of F"q must be
(non) null’.
Similar to a subset constraint, an exclusion constraint
between two field tuples can be expressed as:
Fq X F-)

where Fq and F1 are of the form Fm defined above. This
expression implies that for each occurrence of R(Fo) which
satisfies F'q and F"q, there does not exist any occurrence
of record type R(Fj) such that the values for each field in
94
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s

/

(

\

\

\

/

Figure 6.

Here the ‘unique referencing’ of the phrase is guaranteed by
the existence of the uniqueness constraint C-\ and the iden
tifier constraint /4. Such a ‘lexical reference’ is a name of
the object type.
Every non-lexical object type in a conceptual schema
must have at least one name ‘type’, i.e, a reference which is
valid for all occurences of this object type. Even though
this condition is not absolutely necessary, it allows us to
map a conceptual schema into a database schema which can
be handled by conventional database management systems.
A NOLOT can have more than one name. But only
one of its names is referred to as its primary name. The
selection of the primary name is based on two criteria.
First, names which have the smallest path length from the
NOLOT are chosen. Then the name with the least number
of LOTs is selected. However, the user can override these
criteria by specifying the primary name of a NOLOT explic
itly. A formal definition of the ‘name’ of an object type is
given here.

denote the set of names of A where N(A) is recursively
defined as follows:
1.
If A is a lexical object type then
N(A) = (A)
2.
If A is a non-nested non-lexical object type then
a.
If there exists a 1:1 idea type between A and
some other NO LOT B with roles rA,rB on A
and B respectively, and {rA} is a total role con
straint then
rA.NB is in N (A) where A/g is the primary name
of B, which does not involve A.
b.
If there exist sentence types S/, 1 < i < k each
with roles rA . on A and rB. on some other ob
ject type Bj such that each rA . is an identifier
with a total role at A and rB^, . . .,rg/? is an un

c.
Definition
For a (lexical or non-lexical) object type A, let N(A)
<-----

d.

iqueness constraint, then \rA yNBv . . .,
rAjp^Bp l '5 in N(A) where each hBj is the
primary name of the corresponding Bj, which
does not involve A.
If A is a subtype of another NOLOT B then
A.N B is in N(A) where NB is the primary name
of B, which does not involve A. This implies
that the primary name of a supertype is also a
name of its subtypes.
No other elements are in N(A).

Example
In Figure 6,
Set of names for X is N(X) ={ r-\ .XI, f3.r5.YI}
Set of names for Y is N(Y) ={ fs.Y1)}
4.2

X

is always referenced

(Yl)

(XI)
X

is not always referenced

Figure 7.
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Selection of Essential Non-Lexical Object Types
In this step of the database schema generation, the set
of non-lexical object types of the schema is partitioned intotwo disjoint classes: the sets of essential and non-essential
NOLOTs.
Basically, each record type in the database scheme
corresponds to either an essential NO LOT or a sentence
type in the conceptual schema. However, the converse is
not necessarily true as some NOLOTs will not have a corres
ponding record type in the database schema.
We present two simple criteria which allow us to pre
dict whether a particular NOLOT will have an associated
record type in the database schema. Such NOLOTs are
called essential. NOLOTs which are not essential will not
95
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(a) A

Figure 8.

(b)

X

determines

does not determine any object type

give rise to an associated record type in the database
schema.
Before we list the criteria for a NOLOT to be essen
tial, we need the following definitions. In these definitions,
we restrict our attention to 1 :n and 1:1 binary sentence
types only.
Definition
A NOLOT X is always-referenced iff one of the fol
lowing holds (as shown in Figure 7):
—
There exists a set of NOLOTs {Ym} (different from
X) with each Ym related to X by an idea type lm
with roles rxm>rYm on X and Ym respectively such
that
is total and each rym is an identifier of
lm and none of the lm is involved in the primary
name of X.
X is a subtype of another NOLOT Y.
Definition
A NOLOT X determines a LOT or a NOLOT Y iff
there exists a sentence type S (bridge type/idea type) be
tween X and Y with roles rx,ry on X and Y respectively
and satisfies all the following conditions (see Figure 8a):
—
rx is an identifier of S.
—
S does not participate in any of the always referen
ced conditions for X.
—
S is not involved in the primary name of X.
96

A2

Definition
A NOLOT X is called essential if it satisfies any one
of the following conditions:
1.
X determines any LOT or NOLOT.
2.
X is not always referenced by any other NOLOT.
3.
X has at least one NOLOT as its subtype.
Intuitively, a NOLOT which is not essential can be
regarded as a ‘pure attribute’. It has no attributes other
than its primary name (condition 1) and any occurrence of
this NOLOT ‘belongs’ to an occurrence of some other
(essential) NOLOT (condition 2). On the other hand, occur
rences of an essential NOLOT represent ‘real’ entities.
Note that as a consequence of this definition, no two
adjacent NOLOTs (i.e. NOLOTs which are linked by a subtype link or at least one binary sentence type which does
not involve in the primary name of either NOLOTs) can be
non-essential. This is a necessary condition as otherwise
associations between non-essential NOLOTs would not be
represented in the database schema, which would result in
loss of information by the transformation algorithm.
Example
The NOLOT A is essential in Figure 8a as it determ
ines A2.
In Figure 8b, the NOLOT X is non-essential. Because
X does not determine X1 since X1 is involved in the
primary name of X and X is always referenced by Y.
The Australian Computer Journal, Vol. 15, No. 3, August 1983
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4.3

Record Generation
This is the third phase of the algorithm for trans
forming the conceptual schema into a database schema:
a separate record type is created for every n-ary and m:n
binary sentence type and for each essential NOLOT. We do
not generate record types for any of the non-essential
NOLOTs as their primary names are stored in the record
types of the essential NOLOTs.
When a NOLOT X determines an object type Y, fields
for the primary name of Y are allocated in record type X.
First, the primary name of Y is found as a set of lexical
object types { Ly.} . Then for each of the LOTS Lyjt one
field is assigned in X with the label r^- L y. where rx is the
access path of Ly. from X.
Generation of Records for Flat n-ary and m:n
Binary Sentence Types
For each n-ary as well as m:n binary sentence type S:
Create a record type labelled S.
Find the object types {A, } to which the roles /y of S are
connected.
The Australian Computer Journal, Zol. 15, No. 3, August 1983
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Allocate fields for the primary name of each A / in record
type S.
Creation of Record Types for Essential NOLOTs
For each essential NOLOT A:
—
Create a record type labelled A.
—
Allocate one field for every LOT A; which is identi
fied by the NOLOT and label the field as ra r4 /
where. is the role name associated with A-,.
—
For every idea type I between A and another NOLOT
B with the roles
and r$ on A and B respectively, if
idea I has not been processed so far, do the following:
,lf(l is 1 :n)
OR
((l is 1:1) AND
({rg is not total) OR (B is a non-essential NOLOT)))
Then do the following (see Figure 9):
.Mark the idea type as processed.
.Allocate fields for the primary name of B in record A.
—
For each subtype NOLOT C of A,
.Allocate a boolean flag with the label C in record A.
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In this section, a separate record type is generated for
every essential NOLOT. For the schema in Figure 4, two
record types are generated for the corresponding essential
NOLOTs B and C. The number of record types generated
is the same irrespective of the order of processing essential
NOLOTs. While processing, each idea type is processed only
once. If an idea type is 1:1 with no total role constraint at
any of the NOLOTs of the idea type, then it can be associa
ted with any one of the two NOLOTs.
Thus for different order of processing essential
NOLOTs, there may be a slight difference in the structure
of the records. But they will be semantically equivalent (see
Figure 10).
Representation of Mappings in Record-Generation
The above record generation procedure defines a
mapping T, from the original conceptual schema sentence
types to the database schema record types as follows:
T(S) = S for every m:n binary or n-ary sentence type S.
T(S) = A for every 1 :n or 1:1 binary sentence type S
where A is the record type corresponding to
one of the object types involved in S.
Note that the mapping T is one-to-one over n-ary and
m:n binary sentence types while it may be many-to-one
over 1:1 and 1 :n sentence types.
The mapping T can be refined to a mapping Tr which
maps 'roles’ and subtype links of the original schema into
tuples of fields in the database schema record types. A role
r/\ on an object type A and belonging to a sentence type S
will be mapped by Tr to a tuple of fields of T(S) which cor
respond to the primary name of A. Tr is one-to-one on all
roles except for some of the roles defined on essential
object types. Indeed, several roles rx which are defined on
an essential object type X may be mapped into the fields
making up the primary name of record type T(X) (i.e.
record type X).
A subtype link L between NOLOTs X and Y (X is a
subtype of Y) will be mapped by Tr to a field tuple 7~r(L)
in T(Y). The F'0 and F"0 of the field tuple will correspond
to the primary name of Y and the boolean flag for X res
pectively. We shall make use of the mapping Tr in the next
section.
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4.4

Mapping of Constraints
In this last phase of the transformation algorithm, all
constraints of the user conceptual schema are mapped onto
the record types. Also, it is necessary to generate a number
of additional constraints which are introduced by the fact
that (the name of) the same object type occurrence may be
stored in several record types in the database schema. We
now describe separately how each type of conceptual con
straint is transformed into a semantically equivalent data
base schema constraint.
4.4.1 Identifier and Uniqueness Constraints
Identifier constraints in the conceptual schema are
transformed into database schema constraints as follows:
For each identifier constraint {/>„} on some sentence type
S, we define an identifier constraint on the record type
T(S) over the fields {Tr(rm)} . This implies that every
occurrence of T(S) will have an unique value for the con
catenation of fields corresponding to the F' of field tuples
{Tr(rm)}. Note that Tr is many-to-one since different roles
can be mapped to the same field tuple. Hence it may be the
case that the same identifier constraint in the database
schema is defined several times.
For the case of a uniqueness constraint on {rn} we
first observe that, the object type O identified by {rn}, de
termines each of the object types { On} associated with rn.
Thus, all fields in U Tr(rn) will belong to the same record
type 0. Hence the uniqueness constraint will give rise to an
identifier constraint over the fields U Tr{rn) in record type
O.
4.4.2 Total Role Constraints
Let {rm,Lmy be a total role constraint where all roles
rm and subtype links Lm are defined on a single object type
0. We consider two cases.
A.

O is an Essential Object Type
In this case, there exists a record type T(O) and a
tuple of fields Nq in T(O), which corresponds to the prim
ary name of O. It is evident thatO is the supertype NOLOT
for all subtype links Lm. Therefore, all Lm are mapped into
T(O). Let { rnj be the set of all roles in {rnl} which map
The Australian Computer Journal, Vot. 15, No. 3, August 1983
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into T(0). Note that this implies that the sentence types
containing each rn must be binary. Let{ Fn} be the set of
field tuples in T(O) corresponding to all Lm and the co
roles of all rn. Let {Fp} be the set of field tuples correspon
ding to the roles {/>} in{r„, } which do not map into T(O).
The total role constraint {rm, Lm } can then be expressed in
the database schema by the subset constraint

U F„

Fm

is null), the

<

B.

O is a Non-Essential Object Type
Since 0 is non-essential, no subtype link is present in
the total role constraint (see the third criterion for an essen
tial NOLOT). Also, there is no record type corresponding
to 0, and hence the ‘complete population’ of O is not con
veniently represented in a single field tuple. Two cases are
possible.
(i)

O has Roles which are not involved in the Constraint
Let { Fm } = { Tr(rm )} and let {F„ } consists of the
field tuples corresponding to the roles and subtype links on
0, not present in the constraint. The total role constraint is
then represented by a collection of subset constraints.
I-n
(one for each role on O which is not in the constraint).
All Roles on O are involved in the Constraint
In this case, the constraint is implicit and no extra
constructs are needed.

c.

Exclusion and Subtype Exclusion Constraints
Exclusion and subtype exclusion constraints are
handled in a similar way as subset constraints, except for
the fact that exclusion constraints instead of subset con
straints are generated.
4.4.4 Implicit Constraints
Representing a conceptual schema as a collection of
record types gives rise to a number of extra constraints.
Indeed, the name of a same object type can be represented
in different record types, e.g., this is the case for essential
object types 0 which have roles that are not mapped to the
primary key of the corresponding record type O. For each
of those roles r it will be necessary to generate an extra
subset constraint
Mr) < N0
where Nq is the primary key of record type O. Another
case happens if a NOLOT 0\ is essential and it is a (pos
sibly indirect) subtype of a NOLOT 02 which is essential
as well. The additional constraint is defined as
Fq-| < Nq2

(ii)

4.4.3 Subset, Exclusion and Subtype Exclusion Constraints
Two cases are considered for subset constraints.
a.

Subset Constraints between Single Roles
Let r% < r2 be the subset constraint. (Note that r-\
and r2 belong to the same object type). Let F-\ = Tt (r-j)
and Fi = Tr(r2) be the field tuples corresponding to r \ and
r2 respectively. If neither F\ nor F2 is a primary key in a
record type corresponding to an essential NOLOT then
the constraint can be represented by a subset constraint
F'-1 <

f'2

in the database schema. If F-\ or F2 (or both) are primary
keys in a record type T(O) then we will have to define a
‘qualified’ subset constraint. For example, let
is a prim
ary key and r2 is not. Then F\ = Nq for some record type
0. Let F"^ be the field tuple corresponding to the co-role
of r-1 (note that F”-] is in the record type 0). Then the con
straint is mapped to
F'i [/::"i NONNULL]

< F'2

The other cases are treated similarly.
b.

< Fn

in the database schema.

/V0[f„NULL] < U Fk

However, when all rm map intoT(O) (i.e. /y,
constraint becomes

and {/-„} are role tuples. Let Fm (F„) be the concatenation
of all field tuples Tr(rm) (T,•(/'„)) respectively. It should be
noted that all rm (r„) belong to the same sentence type and
hence Fm (F„) is a valid field tuple. The constraint can then
be represented by a subset constraint

Subset Constraints between Tuples of Roles
Let {rm} < {rn } be the subset constraint where{rm }
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which will ensure that occurrences of 0-\ will also belong to
02.
4.5

Variations and Extensions
The algorithm described above is actually only one
out of many possible variations. For example, one could
relax or strengthen the definitions of ‘always referenced’
and ‘determines’ to obtain more or less essential NOLOTs
and hence record types.
The tradeoff here is between the number of record
types (inter-record constraints) and the number of possibly
null-valued fields in a record type. Obviously, one alterna
tive may be desirable in certain types of DBMS systems
while it would greatly reduce performance in others. E.g., if
records are variable length and null-valued fields take
almost no space, then it is probably preferable to have
fewer ‘bigger’ record types. On the other hand, using a
DBMS which supports only fixed length fields, where null
valued fields take a non-negligible amount of space, it is
better to reduce disk space usage by having more (and
smaller) record types with less possibly null-valued fields.
The algorithm also allows for several straightforward
extensions and refinements. As an example, it is just as easy
to map ‘extended’ NIAM subset constraints (i.e. constraints
of the form r-\ < (r2 u r3 ■ • - u rn)) on ‘extended’ exclu
sion or equality constraints (a set of mutually exclusive or
equal role (tuples)).
Another issue, namely the optimisation of the resul
ting database schema, especially with respect to the con99
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Figure 11, Conceptual Schema for Presidential Database.
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Figure 12. Record types for Presidential Database Schema.

strain! definitions, lies outside the scope of the present
paper.

TABLE 1. Classification of Essential/Non-essential NOLOTs.

5.

NOLOT

ILLUSTRATIVE EXAMPLE
The application of the algorithm on the ‘Presidential
Database’ example schema (see Fry and Sibley, 1976) is
illustrated in Figures 11, 12, 13 and Table 1.

6.

CONCLUSIONS
We have proposed a set of algorithms for transfor
ming a conceptual schema into a ‘semantically complete’
subschema of an internal schema (the database schema).
The database schema generated by the algorithms is con
sistent and specifies every detail of the conceptual schema.
Although in a practical implementation it may be
desirable to allow for user input (e.g. to override systemchosen primary names), the algorithm essentially allows for
fully automatic generation of the database schema.
We believe that providing (an implementation of)
such an algorithm is an essential step in the development of
an ‘information analysis’ system. Indeed, the use of power
ful user and problem oriented methodologies would be of
The Australian Computer journal, Voi. 15, No. 3, August 1983
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NOLOT STATE
Total role constraint T17:

is of the form

form F'q <

STATE,R29.NUMBER_OFPERSONS <
Identifier constraint 115: UNIQUE(T (R29)) is of the type UNIQUE(F'q[F"q NONNULL])
UNIQUE(STATE.STATE_NAME[R29.NUMBER_OF_PERSONS NONNULL])
Total role constraint T16: Tr(R32)< is of the kind
STATE.R

F'q <

NUMBER <

Identifier constraint 116: UNIQUE(Tr(R33)) is of the type UNIQUE(F'q[F"q NONNULL])
UNIQUE(STATE.STATE_NAME[R31.NUMBER NONNULL])
Implicit subset constraint: T^CR^) <

is of the kind

F'q < Ng^^g

PRESIDENT•R|3•STATE_NAME < STATE.STATE_NAME
NOLOT LOSERS
Total role constraint T19: T^(R^)<

is of the form

F'q <

LOSERS.R33.L4.PARTY_NAME <
Identifier constraint 117: UNIQUE(Tr(R33)) is of the type UNIQUE(F'q[F"q NONNULL])
UNIQUE(LOSER.L5.L9.NAME+INITIALS[R33.L4.PARTYJMME NONNULL])
Total role constraint T24: NTA„„n„ < T (R,,)
LOSERS
r 44'

is of the form

NA < F
0
k

LOSERS.Lg.Lg.NAME+INITIALS < ELECTION_L0SER.R43.L5.Lg.NAME+INITIALS
Subtype link L5: NLQSERS < Tr(L5)

is of the kind

NLOgERS < F'q[F"q NONNULL]

LOSERS.L5.Lg.NAME+INITIALS < WINNERS+LOSERS.Lg.NAME+INITIALS
[WINNERS FLAG NONNULL]
Figure 13. Sample constraint mappings for Presidential Database Schema.

little value if, after a deep and systematic analysis using
high level concepts and elegant formalisms, the user would
be forced to ‘fall back to earth’ to manually translate a
perfectly understandable schema into the jargon of some
record-oriented DBMS. This situation would resemble for
cing a Pascal programmer to hand-compile his source code.
7.
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Growing Polyhedral Obstacles
for Planning Collision-Free Paths+
R. A. Jarvis++
Planning collision-free minimal length paths through an obstacle field to a goal arises naturally
in robotic vehicle control. For obstacles and robotic vehicles which can be realistically represented by
polyhedra, the task of discovering these minimal length paths can be mapped into a classical tree
search problem (to which the A* algorithm can be effectively applied), by growing the obstacles to
account for the physical size of the vehicle, which subsequently is itself represented by a single
reference point.
This paper explores a number of issues concerning collision-free paths for various modes of
vehicle motion including combined translation and rotation in transit to the goal. For pure transla
tion the method produces exact solutions; for combined translation and rotation, the solutions,
though in most part satisfactory, are not exact. Only examples in the plane are presented, although
the methodology described can be readily extended into the third dimension.
Keywords and phrases: obstacle avoidance, collision-free paths.
CR categories: 1.2, 1.2.9.

1.

INTRODUCTION
The problem of planning optimal collision-free paths
through obstacle fields arises naturally in robotic vehicle
navigation in known environments. The problem becomes
more complex in guiding articulated robotic manipulators
through 3-D space in support of object manipulation and
assembly tasks, but can be treated as an extension of the
same problem. This paper deals essentially with the 2D case
but the general methodology can be extended to more com
plex situations.
Where the vehicle and each of the obstacles can be
approximated by convex polyhedra, Lozano-Perez and
Wesley (1979) have shown that by “growing” the polyhedra
obstacles to account for the physical extent of the vehicle
the problem of finding minimal length collision-free paths
can be reduced to a simplified problem of guiding a refer
ence point on the vehicle through a new obstacle field to
some nominated goal point. For the case where only trans
lation is permitted, the solution can be found by the direct
application of the A* tree search algorithm (Nilsson, 1971)
where the shortest path will be a linked string of edges
between pairs of nodes, each “visible” from the other
(direct line of sight not obscured by any obstacles). These
nodes are the union of the vertices of the grown obstacles,
the reference starting point and goal point. Thus, the poly
hedral restrictions reduce the search space considerably and
are critical to the proposed solution methodology.
Previous attempts (Boyse, 1979) at solving the collis
ion-free path problem have largely concentrated on testing
whether a proposed vehicle or arm motion sweeps out space
which impinges upon any of the obstacle volumes. Such an
approach is potentially complex, particularly because of the
trial and error aspects of testing and modifying proposed
paths until no obstruction is met whilst attempting to miniCopyright © 1983, 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.

mise path length or fulfil some other optimality require
ment. A different approach is given by Udupa (1977).
Much of the work reported in this paper was inspired
by Lozano-Perez and Wesley (1979). Here in this paper, the
basic concepts of that paper are clarified, some implemen
tation details simplified and several extensions explored. In
particular, the methods suggested for polyhedra growing
(some of which admit inelegant approximations) do not
include a conceptually simple and easily implemented
exact method based on convex hull construction which is
introduced here. Further, the application of the general
methodology to “forest” and maze obstacles not shown by
Lozano-Perez and Wesley, is demonstrated by example.
Also introduced is the idea of mapping the 2D planned
combined translation and rotation collision-free minimal
path navigation problem into a 3D space search task using
stacks of grown polygon obstacle sets, each set associated
with a given Rotation Transition Vehicle (defined in Section
4). Paths through the 3D stack construction represent pos
sible passages the vehicle can navigate and specify both the
translation and orientation trajectory along the way.
The next section presents the basic obstacle growing
and tree search methodology for vehicle translation only.
Then follows application examples involving “forest” and
maze obstacles. Next the use of Rotation Transition
Vehicles which permit combined translation and rotation
collision-free spaces to be determined is presented. Then
the 3D stack model for translation/rotation navigation
along minimal length paths is presented with examples. A
concluding section summarises the findings of the paper
and suggests further work.
2.

THE BASIC OBSTACLE GROWING AND
PATH FINDING METHOD
Consider Figure 1(a). The vehicle is permitted only to
translate and is required to bring its reference point, R,
from the starting point, S, to the goal point, G, along a
minimal length path. The solution given in Figure 1(b) is
found, using the approach of Lozano-Perez and Wesley
(1979), by “shrinking” the vehicle to its reference point,

■/■This paper is a revised and extended version of a paper delivered at the Australian Computer Science Conference in Perth, WA in February
1982. Manuscript received September 1982, revised May 1983.
ffThe author is at the Department of Computer Science, Australian National University, Box 4, Canberra, A CT, 2600.
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3.

For each obstacle and extra points introduced by the
flipped vehicle trace the convex hull using some effic
ient algorithm (see e.g. Jarvis, 1973 or Green and
Silverman, 1979).
This method, as well as being simple and exact, is in
tuitively satisfying. A justification for the construction is
provided in Appendix A. The points shown in Figure 1(b)
include the flipped vehicle vertices with the original
obstacle vertices. Should either the vehicle or any of the
obstacles not be convex polygons, the same growing
method is applicable if each non-convex polygon is first de
composed into convex components, possibly overlapping. A
single vehicle reference point should be used for all convex
components of the vehicle.
Once the problem has been transformed to one of
finding a minimal length path from S to G, the well-known
A* algorithm can be applied in the following manner:

Figure 1(a). Vehicle, Obstacle Field and Goal Point.

I.
Since the minimal length path must be via a subset of
the union of grown obstacle vertices, V, and include S and
G and not include any edge which has any part of its length
within an obstacle area, only “visible” pairs of nodes from
N = V U S U G need to be considered as path components.
If it were not for this restriction the number of possible
paths would be given by
y

0Nl~2)!

k=1,|N|-l(|N|-k-1)!

Figure 1(b). Grown Obstacles and Collision-Free Minimal Length
Path Solutions to Figure 1(a).

“growing” the obstacles to account for the original vehicle
size and applying the A* algorithm to find the shortest path
from S to G.
The method suggested by these authors for
“growing” each obstacle was to trace out the locus of the
reference point whilst keeping the vehicle in contact with
the obstacle and moving it around the obstacle by transla
tion. Depending on how it is done, this component of the
solution can be messy and require approximations to
reduce complexity.
it seemed useful to attempt to find a neater method
of growing obstacles into what, in this paper, will be re
referred to as 'Grown Obstacle Fields'. The 'flipped
vehicle’ method described below provides an exact and
simple solution not cited by these authors.
1.
Flip the vehicle over about two orthogonal axes (say
through the reference point), one axis at a time
(see Figure 2).
2.
Place the flipped vehicle reference point at each ver
tex point of each obstacle and mark in vehicle ver
tices.
104

where |N| is the size of the set N = V U S U G. The devel
opment of this formula is given in Appendix B. The number
of paths grows rapidly with INI.
Using some simple formulae from Munson (1971) it is
easy to determine which pair of nodes from N are mutually
“visible" (See Appendix C). Because this calculation could
be expensive since tests of intersection between the edge of
a candidate pair of nodes and every edge of every obstacle
needs to be carried out, it is possible to evaluate visibility
only if and when the A* tree search requires it. For fairly
small |N| it is convenient to calculate the entire |N| x |N|
diagonally symmetric distance matrix for all node pairs in N
and to indicate which pairs are invalid (the author simply
gave the appropriate matrix entry a negative sign). Success
ors in developing the search tree can be picked out from

Figure 2. “Flipping" the
Through Reference Point.

Vehicle Over Two Orthogonal

Axes
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Figure 3(a). "Forest" Obstacle Example.

Figure 4(a). A Line Maze Obstacle Example.

Figure 3(b). The Collision-Free Minimal Length Path Solution for
Figure 3(a).

Figure 4(b). The Collision-Free Minimal Length Path Solution for
Figure 4(a).

this matrix along with the corresponding distances required
by A*. The A* algorithm is essentially a strategy of explor
ing paths through nodes associated with the least estimated
cost (considered to be non negative) of achieving the goal at
any stage of development. This cost estimate is made up of
the cost of getting from the start node to the candidate
node plus the estimated cost of getting to the goal from
that node. This estimated forward cost is required to be a
lower limit. For this problem the appropriate cost (COST)
estimate is the known total path length back to the start
plus the direct Euclidean distance to the goal.

this is the optimal path. Otherwise place all visible
successors (if any) on the OPEN list together with
their associated backward plus forward estimator
costs.
(d) Return to (b).
A hand working example using A* is given in Appendix D
to clarify the application of the algorithm.
The admissibility and optimality properties of the A*
search method are dealt with by Nilsson (1971) and will
not be repeated here.
There may be more than one goal node, in which case
the forward cost estimator is the direct distance to the
closest goal. Further, the goal could be described as a set of
lines (e.g. like reaching a “river” through a "fire”!), in
which case the forward cost estimator is the shortest
distance to closest part of any line.

II.
(a)
(b)

(c)

The A* algorithm is as follows:
Put the start node on an OPEN list along with its
direct distance from the goal (whether visible or not).
From off the OPEN list take the node with least
COST and place it on the CLOSED list. Attach a back
pointer to parent node.
Find all visible successors to last node put on
CLOSED list. If any of these are the goal node, G,
stop and trace back along pointers to the start node;
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FOREST AND MAZE OBSTACLES
Since a point and a line are both acceptable as degen
erate cases of convex polygons, the methods of obstacle
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D,R {Reference Point)

Rotation Transition Vehicle
e rotation): A E F R.G H I D

Figure 6. Rotation Transition Vehicle Construction Example.

Figure 5(a). A Wall Maze Obstacle Example.

translation may allow for shorter paths through an obstacle
field than might be possible with translation alone. It will
be assumed that rotation is with respect to the vehicle refer
ence point. The development of a Rotation Transition Veh
icle which includes the swept volume in the rotation range
provides one approach to this problem. The Rotation
Transition Vehicle should either be a convex polygonal
shape including the swept area for the rotation range speci
fied or be capable of simple decomposition into polygonal
shapes. The closer the Transition Vehicle to the actual
swept volume the better in terms of maximising grown
obstacle-free space. A possible construction for a simple
vehicle shape is suggested in Figure 6. If such a vehicle can
be translated through obstacle field, then the correspon
ding degree of uncontrolled rotation is allowed for in a con
servative way. Once the Rotation Transition Vehicle is der
ived for a specified rotation range, the standard solution
method is applied. As the rotation range is extended, less
and less obstacle-free space is left; little can be done
about this for the uncontrolled rotation case, but a much
better solution is available where both translation and rota
tion can be controlled to navigate a path through the
obstacle field.

5.

Figure 5(b). The Collsion-Free Minimal Length Path Solution for
Figure 5(a).

growing and path finding described in the previous section
are applicable without modification. Figure 3(a) shows a
case where the vehicle is required to pass through or around
a forest obstacle field along the shortest path to the goal;
Figure 3(b) gives the grown obstacle solution. The vehicle,
which has been redrawn in the solution, can be compared
with the flipped vehicle obstacle. Figure 4(a) shows a
simple line maze obstacle set and Figure 4(b) the collisionfree minimal length path solution. Figure 5 is a wall maze
example. No extra explanation is necessary since these are
examples within the definition of the original problem.

4.

ROTATION TRANSITION VEHICLES

Needless-to-say, the idea of restricting movement of
the vehicle to simple translation is not a natural one. Not
only might some uncontrolled rotation need to be accom
modated but the planned combination of rotation and
106

CONTROLLED COMBINED TRANSLATION
AND ROTATION

If the vehicle were permitted to move under control
led continuous rotation and translation through the ob
stacle field, the shortest collision-free path to the goal
would need to be specified as a continuous trajectory speci
fied in terms of three continuous variables, two for transla
tion and one for rotation. The pure translation case is
greatly simplified by the knowledge that the optimal path is
made up of straight line segments amongst the vertex set
N = V U S U G. Including rotation greatly increases the
complexity of an exact solution, both because it adds
another search dimension and also because, at least at
first sight, there seems to be no simplifying restrictions
applicable. The following non-exact solution is offered
as being more computationally tractable.
A Grown Obstacle Field for a specified range Rota
tion Transition Vehicle detemrines, by exclusion, an
obstacle-free space where any orientation of the vehicle
within the given range can be accommodated. If several
Grown Obstacle Fields, each for a different Rotation Trans
ition Vehicle, are determined, then any path determined by
jumping from one field to another is navigable provided
The Australian Computer journal, Vol, IS, No, 3, August 1983
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Figure 7. A Minimal Length Path for a 3D Obstacle.

that the change from one Transition Vehicle to the next in
correspondence with the obstacle field jumps can also be
achieved at either end of each edge or in between. If a set
of obstacle fields, each for a different vehicle orientation
and perhaps also different rotation pertubations, makes up
a continuum in that, except for the extremes of the total
orientation range, the rotation perturbations meet or over
lap, this construction can be the basis of controlled transla
tion/rotation through the obstacle field to the goal. For
example, if obstacle fields are grown at m° intervals over
some specified total orientation range, and for each ob
stacle field the Rotation Transition Vehicle transition angle
is also m°, the above continuity requirement is assured.
Consider an ordered stack of such grown obstacle fields
where vertical position corresponds to orientation and the
thickness of the layer corresponds to the transition range. A
vertical movement of a reference point corresponds to a
pure rotation, horizontal movement to pure translation

(other lines correspond to combinations of both). The
shortest path from the start point to the goal through this
3D tiered construct is the approximate required path solu
tion to the original problem. If direction change is to be in
cluded in the cost of the path, this can be easily achieved
by calculating a weighted Euclidean metric in 3 space. The
thinner the slices and the more their number, the better
within complexity constraints. Vertically undulating nar
row tunnels through this 3D layered mass correspond to
paths navigable by the vehicle and any path therein
specifies both the translation and orientation trajectory.
The height of the start and goal points can specify starting
and finishing orientations respectively; a free range of either
is specified by a corresponding vertical line and the sought
path is the shortest through the field from anywhere on the
start point representation to anywhere on the goal point
representation.
Should the stack not accommodate a complete 360°
rotation of the vehicle, the construct should be considered
to have a “base” and “lid” (each with an infinite planar
extent) between which path exploration must be con
strained. For a 360° model the “base” and “lid” are con
ceptually the same; moving out through the top of the
stack is the same as moving through the base into the bot
tom of the stack so that no orientation restriction other
than those imposed by the Grown Obstacle Fields need be
applied. This layered concept is conceptually very appealing
because it simply accommodates combined rotation and
translation possibilities in a way that maintains the natural
continuity of 3D space.
Since each layer is a set of convex polyhedra, the
search is the same as would have been used for translation
alone in a 3D domain. In the 3D case the shortest path does
not necessarily include only straight lines between vertices
but might also contain straight lines from vertex to edge,
and edge to edge (see Figure 7). As suggested by Lozano-

Figure 8. A Combined Rotation and Translation Grown Obstacle Set Stack Example Showing a Path Space for a Fixed Vehicle Orientation.
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Figure 9, A Combined Rotation and Translation Grown Obstacle Set Stack Example Showing a Tunnel Through Obstacle Field Navigable by a
Reorientating and Translating Vehicle.

Perez and Wesley (1979), an approximate solution can be
obtained by adding a number of uniformly spread
“pseudo” vertices along the edges of the obstacle polyhedra.
Figures 8 and 9 each show a 15° rotation transition
vehicle, the original obstacle field and a set of grown ob
stacles for 15° intervals of transition vehicle orientation;
the construction details of the transition vehicle are shown
in Figure 9(i). In the sequence of Figure 8, a path through
(as distinct from around) the obstacle field does not exist
for a fixed 0° orientation (Figure 8(b)), 15° anticlockwise
orientation (Figure 8(c)) but does not exist for a fixed 30°
and 45° anticlockwise orientation (Figures 8(d) and 8(e))
and not for 60° (Figure 8(f)). This means that if the trans
ition vehicle were kept at either 30° or 45° anticlockwise
orientation it could be translated through the obstacle field
to the goal. However, the example of Figure 9 is much
more interesting. This sequence shows that at 0° and 15°
orientation the transition vehicle can get part way through
the obstacle field (Figures 9(b) and 9(c)), can get a little
deeper by changing to 30° orientation (Figure 9(d)), get up
a little by changing further to 45° (Figure 9(e)) and break
WS

through an upward passage at 60° (Figure 9(f)) and thus
around to the goal at several different orientations (Figures
9(g), 9(h)). If Figures 9(a) to 9(h) were stacked in correct
order as layers of uniform thickness representing 15° trans
ition perturbations, a tunnel from S to G would be evident
through the stack. Within that tunnel the shortest path
made up of straight line segments between S, G and vertices
and edges of the obstacles could be discovered by the
appropriate A* algorithm.

6.

CONCLUSIONS AND SUGGESTIONS OF
FURTHER WORK

This paper demonstrates a minimal length collisionfree path finding strategy for polyhedral vehicles and ob
stacles to navigate from a start to a goal point. The shrink
ing of the vehicle to its reference point and the correspon
ding growth of obstacles permits a reduction of the prob
lem to one that can be solved directly using the wellknown A* algorithm. For the 2D case, the addition of con
trolled rotation to translation can be accommodated by the
development of Rotation Transition Vehicles and the con
struction of stacks of Grown Obstacle Fields (each for a
The Australian Computer journal, Vol. 15, No. 3, August 1983
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transition vehicle of perturbation spanning the inter-layer
interval) and shifting the search to 3D space. If the original
problem is posed in 3D space, higher dimensional hyper
space constructions could be generated. It is surmised that
the basic methodology of section 5 could be applied by
extending it to 6D hyperspace. An important area for fur
ther development is the reduction of the complexity of the
search problem by simplifications of the filled volumes in
the stack model without severely reducing the obstaclefree exploration space. Modelling these filled volumes by
minimal sets of convex polyhedra would seem to be a
worthwhile approach. Also, interval amalgamations may be
carried out for non-critical Grown Obstacle Fields for adja
cent orientation layers. The amalgamation of two or more
contiguous layers is simply carried out by calculating the
convex hull amongst the vertices of all the layers under con
sideration for each grown polygonal obstacle at a time and
adjusting the thickness of the resultant obstacle field to
reflect the perturbation-range combinations.

C

slid;
slide
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APPENDIX A: THE FLIPPED VEHICLE
CONSTRUCTION JUSTIFICATION
This method can be justified by considering how the
reference point of a translating vehicle circumnavigating a
convex polygonal obstacle whilst in sliding contact traces
out a convex polygon. It remains to be shown that this
polygon corresponds to the convex hull of the set of points
including the obstacle vertices and the flipped vehicle verti
ces as described in Section 2.
Consider Figure A1 where the convex polygonal
vehicle A B C D is shown with its vertex, A, at the vertex,
H, of the convex polygonal obstacle H I J K. An arbitrarily
placed vehicle reference point is shown as R. For the vehicle
to move (by translation only) in the clockwise direction
around the obstacle whilst in sliding contact with it requires
that the vehicle slide along the direction of the perimeter
line AB towards P. The slide must be for a length exactly
corresponding to the size of AB, after which a slide parallel
to HI would follow. A'B'C'D' shows the vehicle after the
slide of length AB in direction AB towards P. For the
vehicle to proceed (by translation) in touching contact with
the obstacle in the counter-clockwise direction, it needs to
slide along the direction AD for a length AD towards Q,
taking up position A”B”C”D”. The clockwise slide takes
the reference point R to R' with RR' parallel to AB and of
length AB. The counter clockwise slide takes R to R” with
RR" parallel to AD and of length AD. It can be easily
The Australian Computer journal, Voi. 15, No. 3, August 1983

Figure A1. Justification for the Flipped Vehicle Method of Growing
Obstacles.

shown that R' to R to R” traces the two sides of the
flipped vehicle (as defined in Section 2), with its new refer
ence point at A, which correspond to the sides B to A to D
of the unflipped vehicle. The trace R' to R to R” is in fact
part of the sought for locus of the reference point during
the sliding (by translation) of the vehicle around the ob
stacle; it is also part of the convex hull of the set of points
made up by the vertices of the obstacle and those of flipped
vehicles with their reference points on the obstacle vertices.
R R' R" R"' represents the entire flipped vehicle on the
position of its reference point at obstacle vertex, A.
Similar arguments applied with the vehicle at the
other vertices of the obstacle complete, informally, the
justification of the flipped vehicle construction method.
The parts of the convex hull of the whole set of obstacle
and flipped vehicle vertices which are not associated with
flipped vehicle sides are always parallel to the appropriate
obstacle sides and never cause inconsistencies with respect
to convex hull construction since they are defined by join
ing points defined by the constructions at the obstacle ver
tices only.

APPENDIX B: THE TOTAL NUMBER OF
PROPER PATHS FROM S TO G
Let |N| be the size of the set N = V U S U G where
V is the set of grown obstacle vertices.
S is the start node.
G is the goal node.

The paths within the set N from S to G which con
tain no loops are the proper paths for this problem. The
minimal length collision-free path will be amongst the
proper paths made up of straight line segments between
the nodes of the set N. The number of such paths can be
calculated as follows:
With respect to the proper paths from S to G there
exists:
109
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exactly 1 proper path of 1 straight line segment,
exactly (|N|—2) proper paths of 2 straight line segments,
exactly (|N|-2) (|N|-3) proper paths of 3 straight line segments,
exactly . . . and so on.

Thus the number of proper paths of k straight line
segments is given by

XE
XE
YE
YE
XE
XE
YE
YE

>MAX
<MIN
> MAX
<MIN
>MAX
<MIN
<MAX
>MIN

(XA,XB)
(XA,XB)
(YA,YB)
(YA,YB)
(XC,XD)
(XC,XD)
(YC.YD)
(YC,YD)

(IN 1 — 2)!
(| N | — k — 1)!

It follows that the total number of such paths is given
by
2

(IN 1-2)!

|<=1 jixjl_i (|N| — k — 1 )!,
’

no proper path being made up of more
than |N 1— 1 segments.

APPENDIX C: THE DETERMINATION OF
MUTUALLY VISIBLE NODE PAIRS
A pair of nodes in the set N = V U S U G is a mutu
ally visible pair if the'straight line between them does not
enter any grown obstacle space. There are N(N—1 )/2 can
didate pairs for which a mutual determination may be
required. Any line which intersects a grown obstacle edge
excludes its end points from being a mutually visible pair.
Thus, intersection amongst path segments and obstacle
edges can be used as a basis for establishing visibility. A
line will not be considered to intersect itself; thus a grown
obstacle edge will allow its end points to be mutually
visible. End points of lines through a grown obstacle from
vertex to vertex will not be mutually visible.
Consider two lines AB and CD which intersect, or
would intersect if extend, at the point E. Let XA, YA be
the coordinates of point A and similarly for B,C,D and E.
From Munson (1971) it is shown using the dot and cross
products of AC and AD with AB,

APPENDIX D: HAND WORKED EXAMPLE OF A*
ALGORITHM FINDING THE SHORTEST COLLISIONFREE PATH
Suppose that for the obstacle field, start point, S, and
goal point, G, given below (Figure D1), the shortest
collision-free path from S to G is required. The matrix given
below contains all the Euclidean distances amongst the set
of obstacle vertices, the start point and the goal point. The
matrix is symmetrical about the main diagonal which itself
contains zero values. The entries in the matrix which are
circled indicated that the associated node pair for this dis
tance are not mutually visible (i.e. the line between the
nodes would cross or enter an obstacle).
The development of OPEN and CLOSED lists whilst
applying the A* algorithm to this example is now described
with reference to Figure D2 below. Reference numbers to
aid this description are indicated V in the table. References

S (start)

obstacles

DOTC
CROSSC
DOTD
CROSSD

=
=
=
=

(XC—XA)(XB—XA) + (YC—YA)(YB—YA)
(YC—YA)(XB—XA) - (XC-XAj(YB-YA)
(XD—XA)(XB—XA) + (YD—YA)(YB—YA)
(YD-YA)(XB—XA) - (XD-XA)(YB-YA),

that the dot product of AE with AB is given by that

only approximately to scale

DOTE = DOTC—CRO SSC( DOTD—DOTC)/(CROSSD—CROSSC)

and the coordinates of the intersection point, E, are given
by
XE = XA + DOTE (XB—XA)/ABSQUARE

G (goal)

YE = YA + DOTE (YB—YA)/ABSQUARE
where ABSQUARE = (XB-XA)2 + (YB-YA) 2,

U means corresponding
nodes not mutually visible

If AB and CD are parallel, (CROSSD-CROSSC)
equals zero, a test which should be carried out before
attempting to calculate DOTE.
All that remains (not given by Munson, 1971) is to
test whether the intersection point is within the lines rather
than at an extension of either (inclusive or), which latter
cases do not damage visibility.
Success of any of the following tests permits the partcular intersection test to be considered failed (i.e. this
particular test does not damage visibility).
no

Figure D1. Hand-Worked A* example.
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A* Search Tree for Example.

U(150) Total Estimated Cost.

5^(164)

-t 170)

2iC 151)

3*(171)

4^(213)

94(202)

Optimal Collision-Free Path is
Opti.rat Collision - Free Pa

5 to 9

64(213)

3*(27f>) 5* (264)

S»1 to 5 to 9 to 8 to 10 =

paths which would close loops.

Figure D2. List Development for Hand-Worked A* example.

Figure D3. Tree Development for Hand-Worked A* example.

to (a), (b), (c) and (d) relate to the A* algorithm descrip
tion given in Section 2 (II).
Applying (a) for the first time, enter the start node,
(1) , in the previously empty OPEN list, noting its distance
to the goal point (150) [Step 1 ].
Since (1) is the only node in the OPEN list it must be
the one with the least COST and is moved to the previously
empty CLOSED list as required by (b) [Step 2]. Its
forward estimated COST component (150) is shown to its
left, its backward COST component, (0), to its right; its
total estimated COST is also shown.
Its deletion from the OPEN list is indicated [step 3].
Since (1) is the first parent node its back pointer is to itself.
(1) is now the only node on the closed list; hence al
though it is the first node added to that list, it is also last
node in terms of applying(c). Its visible successors, (5),
(2) and (3) are added to the OPEN list together with their
forward estimated COSTS (distance toG), backward COSTS
(accumulated distance from S), total estimated costs and
their back pointers to (1) [step 4].
Since none of these nodes added to the CLOSED list
are the goal node, G(10), the optimal path has not yet been
found. As the set of visible successors added to the OPEN
list is not null, the search has not terminated in failure and
(b) is reapplied. The node from amongst these just added to
the OPEN list with the least total estimated COST is moved
to the closed list [step 5]. It is deleted from the OPEN list.
Its visible successors, (5) (1) and (3) are added to the OPEN
list [step 6]. Now the node with the least estimated COST

is (5) and it is moved to the closed list [step 7]. Its suc
cessors (9) (1) and (4) are put on the OPEN list [step 8|.
This cycle is repeated until node (10), the goal node, is put
on the CLOSED list [step *). The optimal (least length)
collision-free path is traced backwards using the backward
pointers from the goal (10) to (8) to (9) to (5) to (1) which
is the start node. Reversing this order provides the required
solution.
For this example, the A* search tree given in
Figure D3 exactly mirrors the development of the list des
cribed. It is clear from the tree that at each stage of devel
opment the CLOSED nodes are those whose successors
have been added and the OPEN nodes are these successors
which have not yet been expanded. The sought after
optimal path is shown down the left side of the tree. The
back pointer structure of the lists is simply the successor
to parent branches in the tree.
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SHORT COMMUNICATION

A Simple Technique for
Scaling Data Arrays
A. E. Steam* and Nhan G. Ly*
Scaling transformations of data arrays with specific
microprocessor control systems are discussed. An algorithm
addition and subtraction. Where data repeats are required, an
initialisation of the algorithm.
Keywords and phrases: scaling transformation, data
generation.
CR categories: 1.3.3.

In a number of applications it is required to trans
form a one dimensional data array to another array of dif
ferent size. Also it might be necessary to transform a num
ber of repeats of the original data array into another array
which is not divisible integrally by the number of repeats.
For example, it might be required to scale a pattern of 144
pixels (i.e. picture elements) per line into another pattern
of 1024 pixels per line with five repeats. Another applica
tion is the windowing transformation (Newman and
Sproull, 1979, p. 74) where the scaling is done by floating
point arithmetic or high precision integer multiplication.
The problem of effecting this scaling transformation
with as little computational overhead as possible is consid
ered in relation to a data selection technique. A formula
giving an optimal selection of data is derived, and, an algor
ithm to process this selection is developed. This algorithm
has certain similarity to that proposed by Bresenham
(1965) for drawing oblique lines on a grid.
We define an input array “A” of size M and elements
Aj where 0 < i < M — 1, and an output array “B” of size N
and elements Bj where 0 < j < N — 1 such as:
InputarrayA

: A0,A-],A2,........................ Aj,.......... Am—1

Output array B: B0, B-|, 63,......................., Bj,...........

Each element Bj of B is to be selected from the ele
ments of A in such a way that there is a proportional and
smooth transformation from A to B.
First, let us consider the simplified case of no repeat,
i.e. a simple enlarging (when N > M) or reduction (when N
< M) of A into B. Let r be the ratio between N and M such
that N = r M. When r is any positive integer, the solution
can be readily obtained from this proportional ratio r. For
example if r = 2, i.e. N = 2M, then the elements of the out
put array B are:
Ao. A0, A-|, A1, Aj, a2,.............Am—1, Am—1
Copyright ©1983, 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.

applications to computer graphics and
is deduced which requires only integer
additional multiplication is executed on
selection technique, graphics, pattern

That is:
B2j = B2j + -j = Aj for j = 0, 1,2, 3, . . ., M-1

In most applications, however, r could be any posi
tive real number and it is thus necessary to formulate a
more general strategy for the best selection of input data A
in producing the output array B, an algorithm to achieve
this is established as follows.
Consider an array “C” whose elements were obtained
from A by repeating each element in A N times:
A0, A0, . . ., A0,

Ai, Ai, . .

N Times

Aj.......... Am-i,Am-i.~

N Times

Am-1,

N Times

It can be seen that the elements of C are related to A
by the equation:
C (Ni + p) = Aj

forO<i<M- 1

(1)

where p is an integer such that 0 < p < N — 1. The brackets
enclose the calculation of the subscript.
The size of the array C is M N which is clearly divis
ible by M to give exactly the N values for array B. Hence
each element of B can be selected from C using the
relation:
Bj - C(Mj)

for

0<j<N - 1

(2)

From (1) and (2), the selection of i for a given j re
volves about the solution of:
Mj = Ni + p

(3)

where all variables are restricted to positive integers.
Consider now the general problem involving the num
ber of repeats K. That is for an input array “A”, it is re
quired to construct an output array “B” that comprises K
times the input array “A”. K = 1 is defined as no repeat,
the situation considered above. Hence K > 1. For example
if K = 3, the output pattern consists of 3 copies of the
input pattern, scaled to fit the size of the output pattern.
The array “C” is now constructed in the fashion as

*The authors are withjhe CSIRO Division of Textile Physics, 338 Blaxland Road, Ryde, NSW, 2112, Australia. Manuscript received January
1983, revised May 1983.
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START

1
2
3
10

7, 8,, 9, 10,
18, 19, 20,
28, 29, 30,
38, 39, 40/

I - 0

J - 0
KM » K * M
IS = - (N-l)
IB(J) = IA(I)
IF (J.EQ.N-1) GOTO 200
IS » IS + KM
J - J + 1
IF (IS.LE.0) GOTO 20
IS - IS - N

20

40

= N-1?

DIMENSION IA(0:4Q), IB(0:40)
DATA IA /0,. 1» 2, 3, 4., 5, 6,
11 , 12, 13, 14,, 15, 16, 17,
21 , 22, 23, 24,- 25, 26, 27,
31 , 32, 33, 34,. 35, 36, 37,
READ(5,*,END=999)M,N,K

1 = 1+1

IF (1S.GT.0) GOTO 40
IF (I.LE.M-1) GOTO 20
I - I - M
GOTO 20
NI - N - 1
WRITE (6, 1000) M, N, K
WRITE (6, 1100) (I, 1*0,Ni)
WRITE (6, 1200) (IB(I), 1*0,NI)
GOTO 10
STOP
FORMAT (//"
M =",I3,"
N -",13,"
FORMAT (/"FOR J
4013)
FORMAT (/"
I
4013)
END

200

S = S + KM
999
1000
1100
1200

K «",I3)

Figure 2. Fortran Program for the Scaling Routine.
(A)
M - 10

S = S -N

FOR J -

0

N * 20
1

2

3

K *

1

5

6

4

1-001122

S >0?

7

8

9 10 11 12 13 14 15 16 17 18 19

33445566778899

(B)
M - 10
FOR J *

0

N * 16

K -

1

4

2

3

1
5

6

7

8

9 10 11 12 13 14 15

1=001123

3455667889

M * 10

1

(C)

N =

7

K *

FOR 3=0123456

Figure 1. Flow chart for Scaling Routine.

1=0124578

(D)

before, but the arrangement of M N elements is repeated K
times and we have the following relationship between A
anc|

Q

m-9n>2ik-3
FOR J -

0

1

2

3

4

5

6

7

8

9 10 11 12 13 H 15 16 17 18 19 20

1=012356701235670123567

C (Ni + MNk + p) = A

(4)

where k and p are limited to:
0<p<N — 1
0 <k <K-1

The size of array C is now equal to K M N which is
also divisible by K M to give N values of B, hence:
Bj = C(KMj)

(5)

And the selection of i for a given j now revolves about the
solution of:
KM) = Ni + MNk + p
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(6)

Figure 3. Some Examples of Results from the Scaling Routine.

And it must be emphasised here that all the variables
in (6) are restricted to integer values hence although one
can find a real number solution for i from relation (6), it is
not acceptable. The problem becomes establishing a proced
ure for the selection of i, given j, that is guided by the
relationship of (6).
Rearranging (6)
p = KMj — Ni — MNk

(7)

The solution p = i = j = k = 0 gives a firm start to the
acceptable:
B0 = A0
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Scaling Data Arrays

If we add KM to p, this is equivalent to indexing j
(i.e. increment j by one); if we subtract N from p it has the
effect of indexing i. If, by repeating this process it is found
that i > M — 1, it is then possible to subtract MN thus in
dexing k to initialise a new repeat, since i has got smaller,
and still it is possible to constrain p within 0 < p < N -■ 1.
From this discussion we may formulate some rules:
1.
If KM is added such that p remains in bounds then j
is incremented and the current i remains the data
pointer for j.
2.
If KM is added such that p > N then N is subtracted
from p, indexing i with each subtraction. If i > M
then a new repeat is signalled and i is reduced by M.
This is equivalent to incrementing K. The new i is
now the data pointer for j. If we chose S such that

a}'# V-

S = p — (N — 1)
then

- (N -- 1)<S <0

Initialising S = — (N — 1), a much simpler set of rules
can be obtained.
1.
If KM is added to S such that it remains negative then
j is incremented and i remains the current data
pointer.
2.
If KM is added such that S > 0 then N is subtracted
from S incrementing i with each subtraction until
S < 0, if i > M — 1 then i is reduced by M and i is
then the current data pointer for j.
These simple rules are simply embodied in the flow
diagram in Figure 1.
To illustrate this algorithm, the Fortran program
shown in Figure 2 was written for testing in a Data General
Eclipse S/140 computer. Some examples of the output are
shown in Figure 3. M, N and K can be any non zero positive
integers. I and J represent the index to the input and out
put array respectively.
In example (A), N - 2M and K = 1 : the result is simi
lar to one described earlier in the text where the propor
tional ratio equals 2. In example (B), N > M and K = 1
hence some elements of the input array are repeated to
construct the output array. In example (C), N < M and
K = 1 thus some elements of the input array are deleted in
forming the output array. In example (D) K = 3, there are
three repeats hence the elements of the input array have
been scaled down then repeated three times to form the
output array.
This algorithm was derived for a one dimensional
array. Flowever extension to two or three dimensional
arrays can easily be done by scaling each direction separ
ately. For example, it has been used successfully in scaling
colour patterns with any desired number of pattern repeats
for fabric printing (see Figure 4). The same principle can be
applied to an automatic control system where a device is
required to perform a task N times which is to be spread
out as regularly as possible to cover a time period M. One of
such applications is the use of a microprocessor to control a
stepper motor where it is required to output N electrical
signals for every M steps of the stepper motor. The micro
processor was programmed with a similar routine and
handles the required task satisfactorily.
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Figure 4. Black and white reproduction of textile patterns genera
ted by the Scaling Algorithm .
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VAN DE RIET, R.P, and LITWIN, W. (1982): Distributed Data
Sharing Systems, North-Holland, 314 pp. $46.50.
This book is essentially a culling of papers from the Second
International Seminar on Distributed Data Sharing Systems, held in
Amsterdam in June 1981. However the editors have gone to some
trouble to augment these to give a more balanced state-of-the-art
report on Distributed Data Base Management Systems (DDBMSs).
The bulk of the book consists of four sections on “concur
rency control, interprocess synchronisation and crash recovery”,
"query processing, resource allocation and distributed computing”,
"models and architecture of DDBs” and “security and privacy and
semantic integrity with regard to DDBMSs". Each section reflects
a working group of the original seminar. The sections contain a
total of fifteen papers on a wide range of issues. Each section is
prefaced by a paper length “chairmans report” that summarises the
47 "position papers" that were presented to the working groups.
These summaries are very variable in format ranging from a simple
"4 lines per paper" approach to a complete synthesis of the ideas
presented.
The other attempt to generalise the book is the inclusion of
an introductory tutorial paper on DD8MS by S. Spaccapietra. This
provides a general background and state of play report on the
subject but then seems to become too specific by reporting the
results of a feature analysis of five DDMBSs performed by AFCET.
A final paper by T. Kitagawa is used to round off the book.
This looks at some theoretical aspects of the field in relation to
society as a whole. I can do no better than to quote the abstract
from this paper:
"In order to give model and architecture of distributed data
base sharing systems embedded in research and survey ac
tivities, an assemble of knowledge-information processing
systems (KIPS’s) having their respective nine-component rep
resentation is set up for which the principles of objectivisation, operatorisation, connectivisation, evolutionisation and
creativisation are applied, leading to a mathematical formu
lation being called as generalised relational ecosphere of
KIPS’s.”
Overall, the book is not really suitable as an "introduction”
for outsiders, being highly specific and technical in parts and using
a wealth of inconsistent terminology (which, it must be admitted,
is typical of the field). To the researcher in the area it is perhaps
more useful as a sourcebook on who is (or was in 1981) doing what,
however this function is also somewhat limited in that the book has
a very strong European flavour with little material from the other
continents.
Keith Burston,
University of New South Wales
WEST, A., and JANSON, P. (eds.) (1981): Local Networks for Com
puter Communications, North-Holland, 470 pp., $US53.25.
This book represents the proceedings of an international
workshop sponsored jointly by IBM and 1F1P WG 6.4, and held in
Zurich in August, 1980. As anyone who has been trying to keep
abreast of developments in computer networks will know, many of
the original papers in the field appear in the proceedings of various
meetings rather than in established journals. For once, this set of
21 papers is better than the usual mixed bag that go to make up
most such proceedings. For one thing, the style of presentation is
uniform and pleasing, thanks presumably to the people who brought
you the Selectric typewriter. The average standard of the contents
is also high.
In the first paper, "Source Routing for Campus-Wide Internet
Transport” by J. Saltzer, D. Reed and D. Clarke from MIT, some of
the implications are examined of developing a local network to serve
several thousand terminal devices with dozens of processors and file
servers. The problems of dealing with such networks, e.g. in a large
office or factory or university campus will soon be upon us all.
The papers are arranged in sessions (presumably correspon
ding to the original workshop format). Session titles include Broad
cast Systems; Ring Systems; Performance; Design Issues; Protocols;
Operating Systems; and Applications. Several papers deal wit!) varia
tions on the theme of Carrier Sense Multiple-Access (CSMA) net
works as exemplified by Ethernet. There are three papers that dis
cuss aspects of the Cambridge ring system, and a paper, “Local Area
Subnetworks: A Performance Comparison” by W. Bux from IBM,
Zurich, which presents analytical arguments in support of the claim
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that token rings are superior in overall characteristics to both slot
ted rings (such as the Cambridge ring) and CSMA networks.
A number of particular networks and network architectures
are discussed: "Operational Experience with the NBS Local Area
Network", "Olivetti Local Network System Protocol Architecture”,
“Local Network Architecture for Process Control", and “Carrying
Voice Traffic through an Ethernet Local Network”. One whole
session was given over to operating system matters, though these
are not, strictly speaking, confined only to LANs. This section
includes “An Inter-Process Communication Facility for UNIX” by
R. Rashid that was the subject of an earlier, widely circulated
Carnegie-Mellon University report.
The book finishes with a number of brief reports of the
discussion sessions of the workshop. Overall, it is a useful addition
to the Computer Network literature.
j, Lions,
University of New South Wales
RAVASIO, P,, HOPKINS, G. and NAFFAH, N. (eds.) (1982):
Local
Computer
Networks,
North-Holland, 553
pp.
IUS65.00.
The IFIP TC 6 Working Group held an International In
Depth Symposium on Local Computer Networks in April 1982 in
Florence, Italy, and this volume is the formal record of that meet
ing. The publishers are to be congratulated for the speed with
which they have brought this volume to market, though one won
ders what role the editors could possibly have played, given the wide
diversity in publication quality, style and standard of the included
papers. If the networks under discussion have error rates in prac
tice which ever approach the error rates (typing, spelling, grammar)
that appear in the text of this volume, then the future for Local
Area Networks will be dim indeed. The prize for the worst presen
ted written paper goes to F. Cappuccini of the Italian telecommu
nications ministry in Rome; this was presumably prepared for oral
presentation only, and somebody, somewhere, ought to have been
willing to revise and retype it. Nevertheless, whatever its flaws, this
book contains much valuable material and is well worth considera
tion.
In this volume there are 33 papers arranged under ten head
ings: VLSI-Application for LCN; Voice Transmission on LCN; LCN
Design; LCN Applications; LCN Distributed Operating Systems;
LCN Gateways; Protocols; Network Reliability and Validation;
Performance Evaluation; and "Additional Papers”.
Devotees of ring networks will find several papers to inter
est them in this volume: there are three papers devoted to the archi
tecture and behaviour of a token-ring network developed at the IBM
Zurich Research Laboratory. These are well-written and offer useful
descriptions for IBM’s entry into the LAN derby. Two papers shed
further light on the design and operation of the Cambridge ring
network (which works on the “empty slot” principle).
As seems almost inevitable, there are several unmemorable
papers along for the ride. The first paper, and only entry in the first
subject category, “Communications Integrated Circuits", would
have been better classified under “Lost, Stolen or Strayed”. If it
contains any useful information (which I doubt) then it will cer
tainly be republished elsewhere. Another paper, entitled “Moving
a Service from a Long-Haul to a Local Network” unfortunately
promised more than it delivered. Several welcome trends can be dis
cerned:
—
with increasing emphasis being given to voice transmission on
data networks, at last the tail is starting to wag the dog;
—
understanding of Carrier Sense Multiple Access (CSMA) net
works appears to have reached a level whereat their perfor
mance is being extensively modelled and analysed,
—
The problems of interconnecting local area networks into lar
ger networks are now being addressed seriously.
On this last topic, the paper "Network Interconnection” by A. Danthine presents an unusually clear explanation of how the ISO stand
ard model for Open Systems Interconnection can be extended to
cover the additional requirements of interconnections.
The final major section on Performance Evaluation contains
several good papers. The contribution of E. Arthurs and B. Stuck
(“A Theoretical Performance Analysis of Polling and Carrier Sense
Collision Detection Communication Systems”) appears to be espec
ially useful and of lasting interest.
J. Lions,
University of New South Wales
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DE BAKKER, J.W. and VAN VLIET, ).C. (eds.) (1981): Algorith
mic
Languages,
North-Holland, Amsterdam, 431
pp.
$US45.00.

This book is the proceedings of the International Symposium
on Algorithmic Languages, 26-29 October 1981, which was organi
sed as a tribute to Prof. Dr. Ir. Adriaan van Wijngaarden on the occa
sion of his retirement from the Mathematical Centre, Amsterdam
(MC). The latter was founded in February 1946 and van Wijngaarden started there in January 1947 as the head of the Depart
ment of Computation.
The book commences with a list of van Wijngaarden’s 76
publications; the last has the tantalising title of "Languageless
programming”! Next comes a list of van Wijngaarden’s PhD stu
dents; this contains many familiar names including W.L. van der
Poel, E.W. Dijkstra, J.W. de Bakker, B.J. Mailloux.
In his invited opening address “The Role of Professor A. van
Wijngaarden in the History of IFIP”, H. Zemanek remarks: “Speak
ing about the role of Professor van Wijngaarden means speaking of
the European history of computing and of programming languages
from EDSAC to the present day. It also means speaking about the
history of IFIP. It is impossible to separate these subjects." This
paper should be read together with “Aad van Wijngaarden's con
tributions to Algol 60” by P. Naur and “Algol 68 revisited 12 years
later” by W.M. Turski. Van Wijngaarden is well known for his con
tributions to the design and specification of Algol 68 and Turski’s
paper will be dealt with at length at the end of this review. Van
Wijngaarden was the leader of the Nederland’s team (namely him
self and Dijkstra) which joined the Algol committee in 1959, that is
in the final stages of the design of Algol 60. The Amsterdam group
brought much fresh insight into the discussions, which up to then
had been largely centred in the Federal Republic of Germany, but
there are no features of Algol 60, apparently, which can be attribu
ted to van Wijngaarden himself.
The papers in this book fit broadly into three categories: van
Wijngaarden’s own contributions to computing; descriptions of spec
ific programming languages; and papers concerned with some aspect
of programming language design and specification. The first paper
in the second group is “PLAIN: An algorithmic language for inter
active information systems” by A.J. Wasserman, R.P. van de Riet,
M.L. Kertsen. To quote from the abstract, this language "has been
designed to provide an effective tool for the systematic construction
of interactive information systems. To achieve this goal, PLAIN
started with Pascal-like framework and incorporated features for the
construction of interactive programs, including string handling, pat
tern specification and matching, input/output, exception handling,
and relational data base definition and management”.
In “PORTAL - A Pascal-Based Real-Time Programming
Language”, R. Schild describes a language based on Pascal that in
cludes facilities for breaking a task up into modules (information
hiding), for describing and synchronising parallel processes, and for
handling peripheral devices and interrupts.
M. Sato and M. Hagiya describe a programming language,
“HYPERLISP”, whose domain of symbolic expressions is a set of
infinite binary trees. According to the authors this domain is mathe
matically “neater” than that of Lisp. One consequence of the choice
of domain is that car and cdr are total functions. The paper does
seem to describe an interesting “redesign” of Lisp.
In “From VW-grammar to ALEPH”, D. Grune presents a very
interesting approach to programming language philosophy and
design. The author designs a language which is analogous to a gram
mar and problem-solving is analogous to parsing. The name ALEPH
is an acronym for A Language Encouraging Program Hierarchy, To
quote from the conclusion: "... a practical language can be design
ed that has some properties not generally found in programming
languages. Among these properties are: a simple and effective flowof-control based solely on selection, decomposition and procedure
calling; a Central Theorem which states in simple terms the condit
ions that apply when a given construct is reached; an efficient com
pile-time check on the initialisation of variables; a firm and
compiler-checkable concept of side-effects.
The third group of papers is devoted to programming lang
uage design, specification or implementation, and programming
methodology.
J. Darlington in "The Structured Description of Algorithm
Design” describes an algorithm design methodology based on
algorithm transformation. This work started in collaboration with
R.M. Burstall at Edinburgh. The aim of this methodology is to pro
vide a translation path from a simple algorithm to a real implemen
tation. In order to be successful each step must be relatively auto
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matic and must not require a deep understanding. I am not yet
convinced.
In “Is Computer Science based on the wrong fundamental
concept of ‘program’? An extended concept", J.W, Backus is again
arguing for an applicative approach to programming and he does so
on this occasion by observing that the problem with procedural
languages (he calls them von Neumann languages) is that they
manipulate stores rather than objects. His argument can be put
quite simply and very convincingly as follows: suppose that proced
ure pi transforms A’s to B’s and procedure p2 transforms B’s to C’s.
Then if the procedures are composed sequentially "pi; p2” it is
highly unlikely that the resultant composition will transform A's to
C’s. The reason is that the procedures do not transform objects A,
B and C directly but rather they transform stores containing A’s, B’s
and C’s. Thus it is not possible, with the emphasis that conventional
languages place on the store, to write independent programs which
can be combined in useful ways. Backus argues that it is because of
these problems that modern programming languages have become so
complex. It would be better to design languages which would allow
programs to be combined using functional composition, condition,
construction and recursion. His argument is very impressive, but I
wish that von Neumann did not get the blame for all our problems.
It is true that conventional programming languages were motivated
by the von Neumann machine design, but surely it is more the pro
gramming language concepts which have determined our mode of
thinking and in this regard might it not be more reasonable to talk
of “Backus languages”?
In "The Essence of Algol”, J.C. Reynolds extracts some
principles which, he believes, embody the essence of Algol and then
extends the model to produce a more uniform and general language
than Algol 60 (which is what Reynolds means by Algol here). In one
of his principles he identifies two different kinds of type: data
types, each of which denotes a set of values appropriate for certain
variables and expressions, and phrase types, each of which denotes
a set of meanings appropriate for certain identifiers and phrases. In
Algol 60 the data types are limited to the unstructured types integer
and Boolean, while the phrase types are represented by procedures
and arrays.
Other papers which can only be mentioned here are: “Nam
ing by colours: A graph-theoretic approach to distributed struc
ture" by J.D. Roberts; “Optimisation of Inductive Assertions” by
H.S. Warren, jr; “The design of vector programs” by A. Bossavit and
B. Meyer; “Formal language definition can be made practical” by
P. Klint; "Issues in the design of a beginners' programming lang
uage” by L.G.L.T. Meertens; “On the design principles for program
ming languages: An algebraic approach" by M, Broy, P. Pepper and
M. Wirsing; “Symbolic evaluation of Lisp functions with side
effects for verification" by D. de Champeaux and J. de Bruin; "On
the notion of strong typing” by M.M. Fokkinga; “Abstract storage
structures” by H.B.M. Jonkers; "An operational semantics for
bounded nondeterminism equivalent to a denotational one” by R.
Kuiper; and “A proof rule for fair termination of guarded com
mands" by O. Grumberg, N. Francez, J.A. Makowsky and W.P. de
Roever.
The final paper is by W.M. Turski with the title “Algol 60
Revisited Twelve Years Later or from AAD to ADA” (van Wijn
gaarden is known as Aad to his friends). Turski largely devotes this
paper to a discussion of some of the workings of the IFIP working
group WG 2.1 who were charged in 1965 with the development of
two successors of Algol 60, named Algol X and Algol Y. His paper
traces many of the conflicts and tensions within the group that
officially produced Algol 68 and indirectly produced two other
languages Algol W and Pascal (N. Wirth and C.A.R. Hoare were also
members). Turski clearly recounts the influence of van Wijngaarden
on the design of Algol 68. In the early 60s, he notes, the number of
programming techniques that were pretty well understood was
growing quite fast and a considerable armoury of them had already
been collected; and Algol 60 had demonstrated the advantages that
follow from looking globally at a programming language through its
formalised structure. Thus the temptation to conquer all the com
plexities of programming by constructing a “complete” program
ming language was great. A plan was born to design a complete
programming language encompassing all useful details, a universal
programming toolkit, such that whatever particular programming
task is considered, there would be a suitable, ready-to-apply "fea
ture” in the language.
In 1965 a subcommittee of four (Hoare, Seegmuller, van
Wijngaarden and Wirth) was charged with the task of a draft report
on Algol X. They were given as design objectives the collection of as
many desirable features as possible, and the provision of an overall
formal structure. Turski notes that few people observed at the time
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that these two objectives were incompatible: not mutually incom
patible, but incompatible with the view of a programming language
as "a tool assisting the programmer in the most difficult aspects
of his job which is the reliable creation of sophisticated programs”
(this latter phrase comes from a minority report on Algol 68 by
Dijkstra, Duncan, Garwick, Hoare and Turski published in 1970).
It is perfectly possible, as Turski observes, to collect many specific
features, each of them attractive, into a language but it is not pos
sible to make the result intellectually manageable: simplicity is not
an add-on feature. Some twelve years later the same myopic view of
what constitutes a valid design philosophy for a programming lang
uage was cheerfully espoused by the authors of Ada: the only lesson
they seem to have learned from the Algol 68 history, says Turski, is
that the overall formal structure is the less important of the two
main design objectives given above.
In the early 1960s van Wijngaarden had been actively looking
for a way to present a programming language’s semantics similarly
to its syntax. At first he was led to the concept of an abstract pro
cessor combining the properties of a syntactic reductor and an inter
preter. De Bakker presented in 1965 a reasonably full description of
Algol 60 using van Wijngaarden’s ideas. In 1965 Wirth published a
report entitled “A proposal for a report on a successor of Algol 60”
which led to the following observations of van Wijngaarden: “. . .
the syntax viewed in MR 75 [i.e. Wirth‘s report] produces a large
number of programs, to very few of which the semantics attributes
a meaning, whereas I should prefer to have the subset of meaning
ful programs as large as possible, which requires a stricter syntax
. . . When I started to phrase my thoughts ... it soon came out that
some better tools than the Backus notation might be advantageous,
though I did not want to use my other symbolism that you know
from the report MR 74 by De Bakker [referred to above]. I devel
oped a scheme . . . which enables the design of a language to carry
much more information in the syntax than is normally carried. As
to the design of the language I should like to see the definition of a
language as a Cartesian product of its concepts. I tried to find which
concepts were involved in the work of Wirth and added a few .. .”
Thus was born the two-level VW grammar and "orthogonal
design”, two of the most significant components of the Algol 68
design.
In 1966 Hoare and Wirth. published a report which led to
Algol W (1967) and eventually to Pascal (1969/70), but as Turski
observes, comparing van Wijngaarden with Columbus, “WG 2.1
sailed west to India, Aad van Wijngaarden was firmly at its helm".
WG 2.1 agreed to specify the final language according to van
Wijngaarden’s recommendations but Turski believes that the work
ing group misunderstood the ideology of the proposal and did not
grasp the significance of the change. The new grammatical style was
understood merely as a mechanism for shortening the syntactic
specification.
Turski’s feelings about Algol 68 are probably common to
many: “My personal opinion is very confused by my inability to
learn Algol 68, even though I had the benefit of attending all but
one of the WG 2.1 meetings . . . Many times I have asked myself
why is it so? Why do 1 seem incapable of learning Algol 68? Firstly
I discovered that it is not the use of the two-level grammar that
puts me off. Quite the contrary, I think that the full-scape twolevel grammars, and in particular their ‘vanishing productions', are
a brilliant discovery, and not fully appreciated yet, chiefly because
most people associate them with Algol 68 or, more generally, with
programming language description, whereas their potential applica
bility lies in totally different areas. Secondly, I discovered that it is
not any individual aspect of the language that I find particularly
averse to my taste. Nearly all of them by themselves are quite
pleasing and most are very useful indeed. Thirdly, I have absolutely
no prejudice against orthogonality of design. I tend to suspect that
my inability to learn Algol 68 is due to the amount of facts that one
needs to be simultaneously aware of if one wants to use Algol 68.
Having been exposed to the whole language, 1 am vaguely familiar
with it. Attempting to compose my programs in it, I constantly
have a feeling that somewhere there is a better facility to express
what I want to describe, that if I only could remember it, I would
have just the right, ready-made mould in which to put my thoughts.
And I simply am unable to have it all in my working memory all the
time. Finally, I humbly concede to myself that Algol 68 is just too
rich for me. So is PL/I. And so is Ada.”
This quote perhaps reveals as much about Turski, and with
him many other programmers, as it does about Algol 68. Maybe the
problem is in trying to "compose programs” in Algol 68 or any
other concrete language for that matter.
An incident recalled by Turski allows van Wijngaarden to
have the last word on Algol 68: “With an awe not diminished by

The Australian Computer Journal, Vol. 15, No. 3, August 1983

years I remember van Wijngaarden’s lecture at the IFIP Congress in
Edinburgh, held following the stormy and very tiring meeting of
WG 2.1 in North Berwick. It was a beautiful presentation, very well
designed and supported by splendid visual aids. After the lecture,
Jean Sammet tried to break the spell by asking a question she
thought would clearly indicate that Algol 68 was not, after all, the
answer to all maiden’s prayers. She asked if it was possible to define
triangular arrays in Algol 68. Quite unruffled, Aad van Wijngaarden
answered that not only triangular, but also elliptic arrays can be
defined in Algol 68 programs. Which was the truth.”
This book is highly recommended to all students of program
ming languages, of programming language design and of the Algol
language family in particular. Haven't the Algol languages contribu
ted so much to our understanding of programming languages and
their implementation, quite out of proportion to their use?
K.A. Robinson,
University of New South Wales

OLLE, T.W., SOL, H.G. and VERRIJN-STUART, A.A. (eds.)
(1982): Information Systems Design Methodologies: A Com
parative Review, North-Holland Publishing Company, Am
sterdam, New York, Oxford. 648 pp. IUS79.00.
Following considerable previous interest in the topic, the re
viewer approached the book with some enthusiasm. This initial en
thusiasm turned to apprehension after encountering the initial
title “CRIS: An Introduction”. A search for the meaning of the
mysterious acronym which was encountered again in a key sentence
of the Introduction but not thereafter, revealed no explanation.
It would seem that CRIS stands for “Comparative Review of
Information Systems”. However, this meaning is inappropriate since
the book is a comparative review of information system design
methodologies, rather than of information systems per se. In fact
the book documents a comparative review carried out in compe
tition format by IFIP Working Group WG 8.1 which deals with
“the development of approaches for the analysis, design,
specification and evaluation of computer assisted infor
mation systems”.
The analysis and design of an information system in support of
organising IFIP Working Conferences was used as a test case and
the basis for the Review. Submissions were invited from interes
ted parties to produce papers of 20,000 words describing infor
mation systems design methodologies and illustrating their appli
cation to the above test case.
Twenty-five submissions were finally received and these
were evaluated by a Review Committee consisting of the IFIP
WG 8.1 members and non-members and with a variety of back
grounds.
It should be pointed out that the term “information sys
tems design” is used here to mean "application systems design"
and the Review does not attempt to deal with methodologies
addressing the architectural design of the information system
environment (e.g. centralised or distributed systems), implemen
tation or operational issues. Although a few of the methodol
ogies surveyed address some of these issues they mostly deal with
application process and data analysis.
The aim of the evaluation process was to place each meth
odology in the "spectrum” of methodologies characterised mainly
by the distribution of emphasis between process and data analysis,
to evaluate their effectiveness in general and as applied to the test
case.
The book consists of 13 of the surveyed methodologies cov
ering the whole spectrum of methodologies and selected on the basis
of their effectiveness. It also includes review summaries, but not de
tailed evaluation, for seven of the methodologies. The methodolo
gies presented are well developed but little known. It is thus up to
the reader to study them in detail and to assess them against each
other and against structured design and data analysis methodologies
in common use today. The most interesting aspect of the book is
that it illustrates the wide variety of possible approaches to the re
quirements specification and design of information systems. It
should therefore be somewhat of an eye-opener to those who are
heavily engaged in, and confined to the use of a single methodology.
The book is recommended as a reference for libraries, for
those with a special interest in the subject and for those who are
looking for ways and means to overcome deficiencies in the meth
odologies which they are currently using.
/. Kaunitz,
New South Wales Institute of Technology
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STIBIC, V. (1982): Tools of the Mind, North-Holland, Amsterdam,
296 pp. $US35.00.
"Tools of the Mind" is an unusual book. Contrary to what
the title might seem to suggest, it is not a book' in the same vein as
Waddington’s “Tools for Thought” (1977). What Stibic has sought
to provide is a broad perspective of the evolving technological de
velopments available that can change the way we work.
The book is divided into two main parts. The first four chap
ters emphasise personal work organisation, planning, and informa
tion management. Chapters five through eight discuss new tech
nological aids such as word-processors, phototypesetters, work
stations, personal computers, electronic mail, and videotex. The
book concludes with a sectionalised chapter of references that pro
vide more specialised information on the main topics discussed.
The section on personal work organisation contains some
practical, although fairly obvious, suggestions. The most useful con
tribution made by the book is that it provides a general survey of
the more important new technological aids available. It also seeks
to illustrate how these aids can be used in the workplace, and to list
their main advantages. Throughout, the discussion is kept to general
principles. The reader searching for detailed technical information
on the new technology will need to look elsewhere.
A warning is included about frivolous and inappropriate
applications of technical aids. One weakness of the book is that it
does not always provide enough well-chosen examples to give a
better insight into the power and utility of some of the tools dis
cussed.
In summary the book should provide managers and profes
sionals not directly involved in the use of computers with some use
ful insights into the application of the new technology. Computer
professionals, however, will find little in the book with which they
are not familiar.
REFERENCE
WADDINGTON, C.H. (1977): Tools for Thought, Paladin.
R.G. Dromey,
University of Wollongong

JACKSON, H.L.W. (ed.) (1982): Teaching Informatics Courses Guidelines for trainers and educationalists, North-Holland
Publishing Co., Amsterdam, 26S pp. IUS39.50.
This is another in the series of IFIP (international Federation
for information Processing) publications which contains the
proceedings of a working conference. This one was held in Vienna in
1981 by WG 3.4 of TC 3 (Technical Committee 3 - Education).
Since the book reports what happened at a working confer
ence the structure is different from many other books and has little
overall built-in cohesion. There are four distinct sections:
(i)
introduction — the opening address.
(ii)
Background Concepts — a selection of presented papers on a
wide range of topics in the areas of:
(a)
Educational Methods.
(b)
Developing Countries.
(c)
Organisational and Social
Content.
(iii)
Working Group Reports — what the groups thought based on
other, more specific papers in the areas of:
(a)
Information systems.
(b)
Educational Methods for computer literacy.
c)
Industry/Education liaison.
d)
Programming.
(iv)
Final Discussion and Recommendations — one brief page of
damp squibs.
If, as 1 did, you look forward to having in your hand the ans
wer to all the problems of teaching informatics (i.e. the Hitch
hikers ''42’’) then you will be disappointed. The book contains a
range of useful information. However, the subject area is vast, the
delegates come from widely differing backgrounds and hold differ
ent philosophical approaches, all of which is reflected in the papers
and the reported discussion. This leaves the task of determining
what is of use to you with you, gentle reader. Jackson himself warns
(p. 145):
“Readers of the reports should discriminate and choose
which parts are useful to their own needs, bearing in mind
that something which is not new to them may be new to
teachers in the developing countries.”
Like many IFIP publications the problem of low demand for
cing small print runs resulting in high cost per book forcing low
demand ... is evidenced here, placing the book out of the reach of
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many individuals. TC 3 is looking into ways and means by which its
publications can be made available to the public at a cheaper rate.
Perhaps the fairest comment is that it is a useful book to have
available in institution libraries and other reference collections for
the odd browse to get a feel for what is happening in the area.
Ian G. Pirie,
University of Wollongong

RINALDI, S. (ed.) (1982): Environmental Systems Analysis and
Management - Proceedings of the IFIP WG 7.1 Working Con
ference on Environmental Systems Analysis and Manage
ment, Rome, Italy, 28-30 September 1981, North-Holland
Publishing Company, 828 pp. IUS93.00,
The 1981 IFIP Conference on Environmental Systems
Analysis and Management held in Rome attracted contributions
from 114 scientists. The measure of international involvement may
be estimated by noting that of these, 72 were from outside Italy.
The conference papers have been assembled and attractively presen
ted by North-Holland, in keeping with their policy of publishing
important conference proceedings. They are priced at $US93.QO and
this unfortunately will discourage potential purchasers.
The papers have been divided into eight categories:
i)
Ground Water Hydrology,
ii)
Surface Hydrology,

i

iii)
Water Quality.
iv) Water Resources Management and Planning,
v)
Ecology and Renewable Resources,
vi)
Meteorology and Air Pollution,
vii) Land Use and Environmental Impact,
viii) Data Base.
These titles in general aptly describe the contents of the respective
chapters.
The conference organisers invited six internationally known
scientists to present talks. These are included in sections (i), (ii),
(iv), (v), (vi) and (vii). For those who seek in such papers quick
introductions to a new area of interest the three from section (v),
(vi) and (vii) will be useful. Basically they offer a general guide to
problems facing researchers in their respective categories and help
ful comments or guides to methods of modelling and solution.The
other three must be considered more specific describing recent
developments, in particular modelling approaches or reporting their
use in certain environmental projects.
The remaining papers report on more specific research pro
jects and embrace aspects of optimisation, control theory, identifi
cation, simulation, data information and knowledge processing,
and systems analysis techniques.
Many papers indicate the complexity of various environmen
tal systems studied. This complexity may arise from the ability to
model in finer detail new aspects of particular problems as technol
ogy and techniques advance. Alternatively the complexity arises
from the interrelation of systems. The section on databases given is
largely devoted to the latter. One invited author, however, is critical
of complexity and cites instances where compression of the
complex ecological models proves beneficial.
The first six sections are devoted to physical and biological
aspects of environmental analysis. Chapter 7 proves to be of interest
for those more interested in the implementation of environmental
policy. The choice of its title “Land Use and Environmental
Impact" may mislead. I would prefer to append Labour and Capital
to Land so that a better indication is given of the integrated eco
nomic approaches possible.
This publication should be of considerable interest to those
engaged actively in environmental modelling and systems analysis.
As a state of the art document it is too advanced for the completely
EINSPRUCH,
N.G. with
(ed.) and
(1982):
VLSI
Electronics,
uninitiated
to start
will be
of no
interest to(Microstructure
those environ
Science,
Vol.not
5), technically
Academic Press,
New York, 404 pp. $54.00.
mentalists
who are
minded.
jerard Barry,
Energya Commission
The term ‘VLSI’ is onAustralian
the vergeAtomic
of becoming
cliche. It is
attached to book and course titles so frequently that, in many cases,
it means nothing more than the fact that the material was prepared
in the last 3-4 years. But in the case of this book, the term is
properly used, it deals with many real issues in the physical elec
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tronics and technology of very complex IC’s and the systems in
which they are used.
It is an anthology of nine chapters, contributed by 17
authors, whose expertise in the subjects covered is very evident.
Most come from the East Coast silicon establishment, including
RCA, IBM, Westinghouse, Bell, Western Electric, Cornell and Yale.
This volume is one of a six-volume series which, as a whole, is a
comprehensive source of current reference material in VLSI elec
tronics. But on its own, Vol. 5 lacks unity. The Preface states that
each chapter may be read on its own, without reference to the
others, which is true. But if one buys this Volume alone to study
sub-micron lithography, for example, one finds a good (non-mathematical) treatment of electron, ion-beam and X-ray techniques.
But the companion chapters on this topic are located elsewhere, in
two other volumes in the series!
The series appears to be devised, therefore, to encourage
people to buy two or more volumes in order to study a single
subject.
Readers of the ACJ will find the greatest interest in Chap
ters 1, 3 and 9. The first, “Automation for VLSI Manufacture”,
is more than its title suggests and contains a good descriptive re
view of trends in complexity and the changes in technology which
have occurred and contains a treatment of the important field of
packaging. The writers' industrial experience (Western Electric) gives
credibility to the chapter. Chapter 3 extends the packaging theme
into computer electronics design and construction methods — from
the IBM viewpoint. This treatment is more mathematical, but very
readable and reveals the scope of research which has gone into the
physical engineering of high-speed computers. Chapter 9, the last in
the book, is titled “Quantum-Mechanical Limitations on Device
Performance”. In the reviewer’s opinion, it is the most interesting
and the reader should not be deterred by the title. The author,
R.T. Bate (Tl), looks at the question: “how fast?" from two
viewpoints. One is the practical one of extrapolating from models
of power and speed in logic gates. The other looks at what limits
thermodynamics and quantum mechanics impose. He shows that
the final tradeoff is between speed and error probability, rather
than speed and power.
Of the other six chapters, three concentrate on materials
science and technology. (The chapter on lithography was men
tioned above). The remaining three cover quite specific systems
areas, namely infra-red imaging, CCD memories and radar systems.
Again, these are descriptive, but contain numerical data on perfor
mances achieved by current devices and systems.
In summary, the book is well presented, well written and has
an air of authority about it. But it is not so detailed as to be a good
reference for an active researcher. Nor is it broad enough to be a
single-volume review of VLSI. The reviewer’s recommendation is
that technical libraries, budgets permitting, should acquire the full
series.
G.A. Rigby,
University of New South Wales

MEYER, THEODORE H. (1982): Computer Architecture and Or
ganisation, Dilithium Press, Beaverton, Oregon, 333 pp.
$24.95.
This book provides a good introduction of most topics in
computer architecture, concentrating on breadth of coverage rather
than depth. The book was written originally with computer tech
nicians in mind, and hence maintains a practical outlook. The
PDP11 is used extensively throughout to illustrate points — so ex
tensively in fact that the book could equally well be entitled "An
introduction to PDP11 Architecture”.
The main criticism of the book is that complex topics are
introduced too rapidly, which would certainly cause students some
concern. The preface states that “a course in digital logic would help
in understanding", but such a course would certainly be essential to
appreciate fully chapters such as the hardwired control of a CPU.
From experience 1 have found the best approach to CPU design and
architecture is to introduce the notion of registers and a register
transfer notation to explain the transfers of data inside a CPU that
are necessary to fetch and execute instructions.
The author also states in his preface that "to understand
computer concepts, it is not necessary to become a proficient pro
grammer". Nothing could be further from the truth — a book on
detailed automotive design would make little sense at all to a reader
who was not a proficient driver! The market is flooded with hard
ware that is difficult to program, because the designers were not
‘proficient’ programmers themselves.
The
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Chapter 1 provides a brief introduction to the subsystems
within a computer — the CPU, I/O, memory and buses and intro
duces the PDP11. Chapters 2 to 5 describe aspects of the PDP11 in
detail — chapter 2 discusses addressing modes, chapter 3 describes
what an assembler is, chapter 4 details the PDP11 instruction set
and chapter 5 performs some hand assembly on some trivial pieces
of code.
Chapters 6 and 7 concern CPU design, chapter 6 discussing a
hardwired control approach and chapter 7 discussing a micro
programmed approach. It is here that students without any previous
digital logic or assembler will stumble: in fact the topic gets so com
plex so quickly that anyone could be excused for being confused.
The concept of sequencing is badly covered. Some form of register
transfer notation is employed as needed, but this notation, by
virtue of its newness, possibly adds to the confusion. The chapter
on microprogramming is not much clearer and the PDP11 example
fails to bring the point home.
Chapters 8, 9 and 10 discuss computer arithmetic, memory
and I/O respectively and are quite good, the I/O chapter drawing
very heavily from the PDP11, whilst the other two are more gen
eral in nature. The next chapter on buses concentrates on the Uni
bus, and fails to mention that buses may also be synchronous, as in
certain common microprocessors. Chapter 12 briefly discusses per
ipherals, such as VDUs, printers, magnetic memory and analogueto-digital conversion techniques. Why magnetic memory is featured
here, and not in the chapter on memory is not obvious. The final
chapter is a token software chapter, introducing terms such as oper
ating system (RT11), assemblers, linkers, subroutines and macros.
The book is useful in that its breadth of coverage is good,
but its construction is poor. The flow is erratic, and a student
without much previous exposure to either digital logic or assembler
programming would be left floundering at many places throughout.
It is a book which I would not buy personally, and indeed would
hesitate to include it in a reference book list.
P, McCrea,
University of New South Wales

ENCARNACAO, J. and KRAUSE, F.-L. (1982): Fite Structures and
Data Bases for CAD, North-Holland, 380 pp.
This book is the proceedings of the IFIP WG 5.2 Working
Conference on File Structures and Databases for Computer Aided
Design (CAD) held at Seeheim, FRG from 14-16 September 1981.
As such it follows the typical conference proceeding format and
consists of 16 papers under seven headings, each paper being roun
ded off by a transcript of the ensuing discussion.
On this occasion I find myself wondering why the conven
tions were followed. It is not at all obvious, in most cases, what
algorithm was used to decide which papers fell into a particular
category. The transcripts of discussions following a paper I have
rarely found to be useful, people do not really get a chance to think
out their comments and are honestly critical in such situations only
infrequently. If some discussion must follow it might be better to
include written questions and answers, produced at a later date.
A second general comment about this type of book is to sow
doubts as to its necessity. In general, and this one is no exception,
the text is photographically reproduced from the author’s manu
script and is often well nigh unreadable (in the case of the review
copy, the discussions were particularly badly printed). It seems
unrealistic to expect a large market for a highly priced book with a
limited audience and bad reproduction. If the publishers need to do
so little work, why can't we have a simple mass produced paper
back at half the price produced by the organisers? Presumably the
intended market is libraries with large budgets and a need for
durable covers.
It has become apparent that the data model definition used
for a CAD system is fundamental in defining the capabilities of the
system. CAD is essentially the manipulation of such a model. As
such the modelling media used, the model itself and the underlying
database management system all deserve considerable attention.
CAD databases certainly create problems which are not so promin
ent in business orientated systems. Issues such as the large quan
tity of data involved, the extended nature of transactions and the
unstructured form of some data (e.g. text and geometrical descrip
tions) all need consideration. A book on the topic is therefore well
justified.
Now as to the content: my categorisation of the papers
would be into, perhaps, three main classes. Firstly, a number of
papers are in fact general papers on database management systems/
data models etc. The connection with CAD is sometimes strong but
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by no means always. On the whole the papers in this category are
fairly good and are worth reading for a background on some of the
more interesting issues in database management. An anomaly that I
will arbitrarily put in this category is an invited papers on the ICL
CAFS system (a hardware aid to database management). Although I
applaud the organisers for considering this area I think a more gen
eral paper on database hardware would have been more appropriate.
My second category is papers on new data models and data
bases for CAD use. These are perhaps in the majority and are on
the whole not terribly thrilling. The emphasis is strictly on geo
metrical data storage and very little consideration (if any) is given
to other forms of CAD (e.g. circuit design). My final category I was
tempted to call ‘waffle’ but prudence suggested that it would be
better to describe these few papers as considering general issues in
the design and setting up of CAD systems.
In conclusion, this book might be worth borrowing from the
library for a general survey, if you are interested in the field, but
only the committed will feel a need to buy it.
Keith Burston,
University of New South Wales
NiEVERGELT, J., CORAY, G., NICOUD, J-D. and SHAW, A.C.
(eds.) (1982): Document Preparation Systems, NorthHolland, 274 pp., $US46.50.
"We are witnessing yet another revolution caused by the in
troduction of computer techniques into an established com
mercial field. The rapid spread of computer aids to the pre
paration, dissemination, storage and retireval of documents
of all kinds is having a profound impact on personal and
business activities that had remained unchanged for decades."
- from the Preface
The justification for this slim, rather expensive volume is
rather hard to find. Four editors have assembled a collection of six
papers, at least four of which have already appeared elsewhere. The
first paper is a revised version of “UNIX Document Preparation"
by B.W. Kernighan and M.E. Lesk, which first appeared in the Bell
System Technical Journal in July/August 1978. The UNIX system
provides an array of tools centred on the text formatting program
troff that may be used to prepare and typeset a wide variety of
documents including original papers and books. For a long time,
preprocessors such as tbi and equn have been available to extend the
range of applicability of troff to handle tables and mathematical
formulae. To these have recently been added pic and ideal which
can be used to generate line drawings and diagrams for inclusion
into computer generated documents.
The second and third articles first appeared in the September
1982 issue of Computing Surveys. "Interactive Editing Systems” by

N. Meyrowitz and A, van Dam appears here as a single article, fol
lowed by “Document Formatting Systems: Survey, Concepts and
Issues" by F. Rutura, j. Schofield, and A. Shaw. Both these are
imperfectly edited for their new role: on p. 32, in the Meyrowitz
and van Dam article there is a reference to “Part 11", and on p. 133,
the first page of Furuta, Schofield and Shaw’s article, the Comput
ing Surveys page reference has not been completed properly.
M. Plass and D. Knuth in "Choosing Better Line Breaks”
(which is a condensation of an article, “Breaking Paragraphs into
Lines" that first appeared in Software — Practice and experience,
Volume II, pp. 11 19-1184, 1981), give an interesting description of
how and where the line break problem arises and how a dynamic
programming approach may be used, along with judicious weighing
of the alternatives, to provide practical results that are usually very
satisfactory.
Only the last two papers appear to be new. In the case of the
final article, this would not be surprising: “Errors in Dialog Design
and How to Avoid Them" by j. Nievergelt is strangely out of har
mony with the rest of the book and would have been better preser
ved in a collection of after-dinner speeches.
The fifth paper is interesting and informative but only 22
pages long. Since it contains no direct references to any other work
at all, it is not possible to determine readily whether it too has had
an earlier publication. J.W. Seybold in “Document Preparation Sys
tems and Commercial Typesetting” provides a view from "the other
side of the fence” on the progress from previous typesetting tech
nology and practice to present-day computer controlled typesetting.
The technical progress to date is impressive, but much remains to be
achieved.
Perhaps the most interesting aspect of this book is the com
parison that it affords between the products of competing computer
typesetting systems. Don Knuth’s TEX system is clearly effective
and even prodigal in his own hands, but less so in the hands of
others (Meyrowitz and van Dam). Furuta, Schofield and Shaw’s
paper was prepared using the Scribe system and the result is tech
nically competent. However it illustrates very effectively how much
users of these new typesetting systems still have to learn about page
layout from the traditional printing craftsmen before the latter be
come completely extinct. Knuth may not entirely approve of some
of the hyphenation and page break decisions made by troff, but for
overall style and quality of appearance, my vote still goes to the Bell
Laboratories house style as evidenced by the paper by Kernighan
and Lesk.
Few individuals should find a need for this book (most of the
material is available elsewhere) but some librarians may find the par
ticular combination is worth acquiring.
j. Lions,
University of New South Wales

CALL FOR PAPERS
SPECIAL ISSUE ON
RECENT ADVANCES IN COMPUTER AUDITING
The Australian Computer Journal will publish a special issue on “Recent Advances in
Computer Auditing” in May 1984. Research papers, tutorial articles and industry case studies on
all aspects of the subject will be welcome, and both full papers and short communications will be
considered.
Prospective authors should write as soon as possible to:
Professor Brian J. Garner,
Deakin University,
Waurn Ponds, Victoria, 3217.
to notify him of their intention to submit material for the issue and provide a brief summary of
their intended contribution.
In order to allow adequate time for refereeing and editorial review, complete manuscripts will
be required no later than 30 November, 1983.
Papers should be prepared in accordance with the guidelines published in the November 1982
issue of the Journal. Authors are requested to pay particular regard to the Journal’s preferred
style for references.
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(Con tinued from page i)

8TH INTERNATIONAL TRADE FAIR AND
INTERNATIONAL USER CONGRESS
17-21 OCTOBER 1983
Systems 83 is totally user-orientated. Its congress
program examines system applications for virtually all bran
ches of trade and industry.
Special user-group seminars provide opportunities for
in-depth dialogue between suppliers and users on industry
oriented topics.
The specialist seminars are designed to give an over
view of the concepts and principal solutions of data bank
and real-time systems, software engineering, microfilm,
OCR and DP-networks,
Information on the state of the art and trends in CAD
are presented at the International CAD Congress running
concurrently with Systems 83.
The Systems 83 exhibition features products and new
developments of the data technology industry, service and
software firms and manufacturers of EDP supplies.
Detailed Systems 83 preliminary programs are avail
able from the German-Australian Chamber of Industry and
Commerce, GPO Box 4247, Sydney NSW 2001. Telephone
(02) 29-3998,29-3999.

■HMWBuaagE

HP SETS NEW STANDARDS WITH
“PERFORMANCE 83”
In June, Hewlett-Packard Australia Limited announ
ced three new business computer systems for its HP 3000
family together with major enhancements to its HP 1000
A-Series computers. The three new HP 3000 products have
improved price/performance standards as a result of disc
caching and improvements to the MPE operating systems.
At the top of the range the HP 3000 Series 68 offers
from 30 to 100 per cent greater performance (depending on
application) than the Series 64 which it replaces. Both the
new Series 48 (replacing the Series 44) and the Series 42
(replacing the Series 40) offer from 20 to 30 per cent
improved performance.
Mr Denis Hitchens, HP Marketing Support Manager,
said that “the price/performance standard of our top of the
line HP 3000s has grown at more than 45 per cent a year,
far exceeding the 30 per cent industry average.”
With disc caching and MPE-V, the Series 68 system
can support up to 400 terminals, of which a maximum of
336 can be point-to-point and up to 168 via modem port.
At the same time the system can support 24 disc drives
(up to 9,5 gigabytes) and 24 intelligent network processors
for data communications.
The enhancements to the HP 1000 A-Series are aimed
particularly at industrial automation users. The new
A-Series products include:
—
Micro/1000 is a new compact microsystem which
puts the power of an A-Series computer into a single
package.
—
RTE-A, an advanced real-time, multi-user, multi
programming operating system for A-Series com
puters. RET-A is designed to execute large, sophisti
cated applications on the entire line of A-Series
The Australian Computer journal, Vol. 15, No. 3, August 1983

17 - 21 October
Munich - Trade Fair Centre
• international Trade Fair for the EDP
and Software Industry (more than 700 firms)
• International Seminars on EDP Application
Coupon SYSTEMS 83
Please submit detailed information on
□ Trade Fair
□ User Congress
Name____________________________
Address _________________________

German-Australian Chamber of Industry and
Commerce, 18th Floor, Amex Tower, 388 George St.,
AUS-Sydney NSW 2000, Tel. 2 32-59 22, Telex 25 987
ill

—

—

computers, from the A900 super mini to the A600+
micros.
MAC/1000 is a set of low-priced measurement and
control components for industrial automation appli
cations. MAC/1000 can be configured with any ASeries processor.
PCIF/1000 is a new software product linking AllenBradley, Siemens and Telemecanique programm
able controllers (PCs) to A-Series computers.
Designed to help programmers save time developing
control programs, PCIF/1000 is an industrial auto
mation tool for integrating machine control equip
ment and a supervisory HP 1000 computer into a
complete automation solution.
A new dial-up systems modem designed specifically
for HP 1000 computers. It is a full-duplex modem,
with 300 and 1200 bit-per-second rates and syn
chronous and asynchronous operation.

PERKIN-ELMER ADDITION
Perkin-Elmer Computers announce a very low-cost
small-sized addition Jo its Series 3200 family of 32-bit
Megamini computers. The new Model 3205 offers pricing
and packaging features which make it suitable for a wide
range of applications and users, especially original equip
ment manufacturers.
The new Model 3205 is priced at only $13,950
(OEM Quantity 1) and includes 512KB of MOS memory,
and offers a price/performance alternative to less powerful
and more expensive 16-bit systems. Packaged in an eightslot, seven-inch high chassis, the Model 3205 processor is
implemented on a single board with floating point capabil
ity, selector channel, and up to one megabyte of memory.
The Model 3205 supports up to four megabytes of
directly addressable main memory using 64K RAM tech
nology. This memory uses state-of-the-art leadless carrier
packaging technology for substantial reduction in physical
size. The processor supports up to one megabyte on the
CPU board and grows with up to an additional three mega
bytes of memory being packaged on a single memory
expansion board. Memory is expandable in increments of
one, two or three megabytes.
Reliability features built into the new Model 3205
include error checking and correction memory, hardware
error logger, power fail/auto restart, illegal instruction
traps, CPU and MPC board self test, and the capability for
remote diagnostics. Use of VLSI and LSI technology fur
ther enhances processor reliability by permitting higher
density packaging on each board and reducing the number
of board intraconnects. Multi-media diagnostics programs
for the processor, memory and all peripherals are available
with the purchase of an operating system.
The Model 3205 continues the Perkin-Elmer design
philosophy of providing total upward compatibility within
the firm’s Series 3200 family of 32-bit Megaminis.
Using the firm’s multi-tasking OS/32 operating sys
tem, the Model 3205 runs all Perkin-Elmer 32-bit languages
including the firm’s universally optimising ANSI-77 Fortran
VII, Pascal, ANSI-Standard, Cobol, Basic, Cal Macro RPG II
and Coral 66. A wide range of utilities and third-party
application software is also available.
Edition VII Workbench (a product of the Wollongong
Group), a standard version of the UNIX (trademark of Bell
Laboratories) multi-programming, timesharing operating
/V

system offered as a fully supported standard product by
Perkin-Elmer is also available on the new Model 3205.
Also available as a complete system, the new PerkinElmer Model 3205 comes packaged with 512KB of MOS
memory, system console, power supply, 40MB Winchester
disc, selector channel, disc controller and is priced at
$34,950.

LANDSAT 84
Landsat 84, the Third Australasian Remote Sensing
Conference, will be held at Surfers Paradise, Gold Coast,
Queensland from 21-25 May 1984.
The conference, hosted by the Queensland Remote
Sensing Committee, will review the state-of-the-art and
discuss proposed developments in remote sensing.
The programme will provide an opportunity for
scientists working in the various fields of remote sensing to
present current research results and to describe techno
logical developments and applications. Remote sensing
research and applications for local, regional, national
and global resource evaluation will be emphasised.
Proposed themes include: sensor platforms; tech
niques; applications (geology, agriculture, urban, water,
rangeland,
forest); geographic information systems;
mapping; and future developments.
Further information can be obtained by writing to
the Secretary. Landsat 84 Conference Committee, PO Box
234, Brisbane, North'Quay, Queensland 4000.

ACM PUBLISHES “TOPICS ON COMPUTER
EDUCATION FOR COLLEGES OF
EDUCATION
Computer Education for Colleges of Education is
the latest in a series of special “Topics” on education
published by the Association for Computing Machinery.
This 115 page document contains reports from fifteen
different colleges and universities about their programs
for training pre-college teachers, including pre-service,
in-seryice and advanced degree programs. Also included
are suggestions for content of specific courses and a
report from the ACM Elementary and Secondary School
Subcommittee which delineates the current situation
in computer education for pre-college teachers and makes
a number of specific recommendations for improvement.
This issue follows a similar "Topics" containing
recommendations for computer use in elementary and
secondary schools, also produced by the ACM Education
Board. Both publications are available from the ACM
Order Department, PO Box 64145, Baltimore, MD
21264.

LOCAL COMPUTER INDUSTRY
LOBBYING GOVERNMENT
Australian local computer manufacturers are seek
ing major changes in current federal government purchas
ing policy.
The recently formed Australian Computer Equip
ment Manufacturers’ Association (ACEMA) met with
senior Government department officials in Canberra
recently. It now plans to meet with relevant ministers to
press its claim.
Mr Graham Cole, a vice president and the spokesman
for ACEMA, said yesterday that ACEMA had started an
important dialogue with the Government with the aim of
improving current policies and legislation.
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