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This short communication comments on the unconditional
independence assumptions in INFERNO.
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Comments on INFERNO
O’Neill’s tutorial paper on plausible reasoning (O’Neill,
1987) is an excellent introduction to several methodolo
gies for dealing with uncertainty. However, in the discus
sion of INFERNO (Quinlan, 1983) it repeats an inaccu
racy in the paper, and consequently clouds some of the
problems.
Independence assumptions fall into two main catego
ries: conditional independence and unconditional inde
pendence. The problems associated with making too many
conditional independence assumptions have been covered
by several authors. (See for example, Glymour, 1985;
Johnson, 1986; Saunders, 1986.)
There are various types of unconditional independence
and a common failing of authors is to not make it clear
whether they mean complete independence, mutual inde
pendence or pairwise independence. Give propositions A,,
. . . A„ these can be defined respectively by

1

P(ni.lin Aj) = n,.,* P(Aj)

2

Pfrij,, k Aj.) = IIj_| k P(A,.) for all subsequences i,,. . ., ik
of 1 ..’ n J
’
J

3

P(A| n Aj) = P(Ai):i:P(Aj) for all pairs ij from 1.. n

Quinlan’s propagation formulae for his two independ
ence relationships, conjoinsindependent and disjoinsindependent, assume the first of these, but he states that his
condition is the third of these. This inaccuracy appears in
several papers. (See for example, Liu and Gammerman,
1986 and O’Neill, 1987). Either of conditions 1 and 3 may
hold without the other being true. Condition 2 implies both
the others. Note that these conditions are different from the
usual conditional independence assumptions.
This difference has no effect in O’Neill’s example,
which is similar to those in other papers on INFERNO.
However it might if there are more than two “independ
ent” propositions involved.
Another point needs to be made about that example.
Carrying the analysis through, \ye find that t(Hobbyist)=0
AND ALSO f(Hobbyist)=0. Hence, far from Hobbyist
being false, it is completely unconstrained by the data as
given. For example, if Prob(Analytic) is actually 0.7, then
if Prob(GoodCS)=0.7 we would require Prob(Hobbyist)=0.0 from O’Neill’s equation 4.2.4 but if
Prob(GoodCS)=1.0 then we would require Prob(Hobbyist)=1.0 from 4.2.3. Both these possibilities are consistent
with the given data. To assert that Hobbyist is false ie
Prob(Hobbyist)=0.0 would require both GoodCS and Ana
lytic to have exact probability 0.7 using the final con
straints and 4.2.4, 4.2.2.
'
It is sufficient to use Quinlan’s propagation constraints,
as long as complicated independence decisions about mul
tiple factors are made correctly. Thus, if A,B,C are pairTHE AUSTRALIAN COMPUTER JOURNAL, VOL. 23, No. 3, AUGUST 1991
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wise independent and D=AnBPiC, we would specify this
by letting E conjoins-independent A with B, F conjoinsindependent B with C, and G conjoins-independent A with
C and then D conjoins E,F,G. Quinlan’s system gives the
appropriate answer, though the data set has to be given
using several relationship specifications. In such cases we
might wish to automatically generate such relationships,
from one specification of pairwise independence.
It should be noted that several of the constraints in
INFERNO carry both probabilistic and structural informa
tion. For example the disjoinsindependent constraint car
ries both the independence information, and also the struc
tural information that GoodCS is the disjunction of
Analytic and Hobbyist. (For more on this topic see Pearl,
1986 and Saunders, 1989.)
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A production
systems develop
ment — methods
and results

1. DIVISIONAL FACILITIES
BHP Steel Group contains five steel divisions, Newcastle
being headquarters for one of these, the Rod and Bar
Products Division. Features of the Newcastle integrated
steelworks are a four strand Bloom Caster, Bloom Mill
plus merchant bar and coiled rod mills. Other finished pro
duct mills within the division are located on the Australian
seaboard as shown in Figure 1. Each location stocks a
range of standard products for sale. The division sells
approximately 1.6 million tonnes of finished products
yearly.

Andy Norcott
Systems Development Section Leader for Market Mills
and Production Planning at the Newcastle Region
Offices of BHP Information Technology

This paper indicates the methods used for devetoping a
computer-aided steelworks production system at the New
castle, New South Wales plant of the Broken Hill Proprie
tary Co. Ltd (BHP). Throughout the paper an attempt is
made to strike a balance between the technicalities and
practicalities of developing a production management
information system.
The first sections are devoted to giving the reader some
background information on the plant configurations,
computer facilities and approaches used to identify and
prioritise information system requirements.
Later sections outline the computer system development
projects needed to satisfy production information require
ments, and indicate, in chronological sequence, systems
development steps.
The final section lists some pertinent observations on
developments to date.
Keywords and phrases: Business systems planning
(BSP), production management, steelworks, planning,
scheduling, computer levels, integrated system, staged
implementation, manufacturing.
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Figure 1. BHP Rod and Bar Products Division.

2. SECONDARY MILLS MODE OF OPERATION
The R & B Division produces approximately 400 dif
ferent sections and sizes, and 800 different finished pro
duct grades.
All mills produce a range of sections over a total cycle
period of around eight weeks. Each of the Secondary Mills
produce sections of similar shape in a size range group, e.g.
13 mm to 19 mm Rounds. A block of section is termed a
“Rolling”. A forward plan of Rollings is published regu
larly for customer distribution (see Figure 2). The timing
of Secondary Mill billet feed1 (materials) requirements is
determined by order tonnages and grades contained in the
section group rolling.
Whilst the majority of production is predetermined by
customer orders some standard products are rolled to
stock for warehouse sales.
3. COMPUTING APPROACH
In June 1984, Newcastle Steelworks adopted a convention
to define the responsibilities of the Computer Centre and
the Electrical Process Computing-Department, and to
facilitate the integration of plant computer systems. Figure
3 shows the areas of responsibility and the four levels of
computing identified with the Production System.
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 23, No. 3, AUGUST 1991
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dedicated to individual Level 3 (see Figure 3) department
control. Sixty of the minicomputer display terminals have
mainframe access capability.
Of the mainframe equipment 125 display terminals,
135 printers and 10 personal computers are used solely for
Production System purposes, although up to a hundred
additional display terminals are used to access the Produc
tion System occasionally.
There are a small number of remote plug-in connec
tions for portable bar code reading equipment. Approxi
mately thirty display terminals, at Sales Branches across
the country, are connected to the BHP Corporate compu
ter network and have access to the Newcastle computer.
The word ‘Newproms’ is used throughout this paper to
signify the overall production system. This NEW Produc
tion Management System (NEWPROMS) has been deve
loped for the IMS DB/DC environment using the
DELTA* programming language. DELTA is a COBOL
generator package. The following figures give an indica
tion of system size.
Development
— 130 man years of development effort over a 4xk year
period.
— 700 programs at an average of 3,500 lines of COBOL
code per program. Maximum program size is 36,000
lines of code. Approximately 40% of the DELTA pro-

Figure 2. Rolling Programme (angle sections only).

The Division’s mainframe computers are four IBM
3081K processors in a dual 3084Q configuration with 400
display terminals, 320 printers and 80 personal computer
connections. Several DEC VAX range minicomputers are
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Figure 3. Production Systems Levels of Computing.
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Figure 4. Business Processes/Data Classes Matrix.

gram code is documentary, to aid the Maintenance
function.
— 400 standard procedure libraries, for use across several
programs.
— Printed reports — 197.
— Operational display screens — 410.
— Operator information (HELP) screens — 430.
— Databases — 103. Does not include secondary indexes.
Operational
— 4 gigabytes of operational data storage.
— 3 gigabytes of history data storage.
— 60,000 message transactions per day.
— 250 remote terminal initiated batch (report production
and large processing) jobs per day.
— 500 specialised Waiting-for-Input batch jobs (for plan
ning and scheduling) per day.
4. DIVISIONAL BUSINESS SYSTEMS PLANNING
In early 1984 the Newcastle Steelworks management
group conducted a study to determine future directions
and priorities for information systems development. IBM
Steel Industry Specialists acted as Facilitators in the Busi
ness Systems Planning (BSP)+ study.
BSP Phase I required agreement from all managers on
the major Business Processes and Data Classes existing
+ This IBM originated methodology is well documented in Strategic
Data-Planning Methodologies (Prentice-Hall Inc), by James Martin.

within the Works. The results were correlated, by man
agement area, into the matrix as shown in Figure 4.
Business processes that Created data classes were
boxed together to indicate major system groupings. BSP
Phase I was completed within three weeks during March,
1984.
BSP Phase II consisted of an Executive Planning Ses
sion, where the management team identified informationrelated issues against the context of overall company
objectives, targets (or goals) to achieve the objectives and
critical success factors (CSFs) in meeting the targets.
Finally, the management team decided that Business
Process Groups A, D, F and E in Figure 4 constituted a
total Works Production Management function that, when
commissioned, would provide the necessary feedback for
more systematic Operations Planning (Group C).
Accordingly a team was set up in June 1984 to progress
BSP Phase III — Production Management Systems.
BSP Phase III was progressed by conducting intensive
Planning Sessions. These will be discussed in more detail
but the more technically oriented outputs from Phase II
have been omitted. Figure 5 is a general indication of the
outputs from BSP Phases I, II and III.
A senior Works executive was appointed as full time
Project Manager assisted by a Project Systems Analyst. In
addition IBM provided an Advisory Industry Specialist as
Facilitator for the Intensive Planning Sessions.
Sessions were held by department and prior to each
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 23, No. 3, AUGUST 1991 97
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meeting agreement was gained, from the line manager of
each department, on a “starting point” hierarchy of
department functions. Figure 6 is the chart produced for
.

SYSTEM
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Figure 5. Phase Outputs of Business Systems Planning.
PLANNING

—

SCHEDULING

DETERMINE

PREPARATION

EQUIPMENT

FOR

CAPACITIES

PRODUCTION

one of the Secondary Mills.
Sessions were conducted for the following
departments:
— Steelmaking2,
— Bloom (Primary) Mill,
— Five Secondary Mills,
— Billet Reconditioning Yard,
together with representatives from Quality Services,
Works Rail Traffic and Production Planning departments
attending all sessions. Average group sizes were around
twelve people, with the independent Facilitator ensuring
that a realistic consensus of opinion was achieved within a
reasonable timeframe.
Each session took one to two days. The output was an
expansion of each departmental function into a Concep
tual Specification sheet as shown in Figure 7. These Speci
fication sheets were the basis for all other Figure 5 outputs
from Phase III.
The BSP Phase III report was presented to Works Man
agement and approved in November 1984. The report
recommended a staged implementation approach, in order
to gain maximum system benefits from early implementa
tions, concentrating on gathering information at the source
plus display screen provision of information for manual
decision making. Printed report outputs were to be pro
duced on-site, usually within five minutes of a report
request being made. System information was to be made
available to all departments on a 24 hours a day, seven
days a week basis.
This “core” system was to be the information founda
tion on which to build future decision support facilities for
the planning, scheduling and control of operations.
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See Figure 7

SCHEDULE No2
BAR FURTHER
PROCESSING
UNIT

ALLOCATION

SCHEDULE
TRANSPORT
REQUIREMENTS

Figure 6. No. 2 Merchant Mill — Hierarchy Chart.
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Figure 7. BHP Phase in, Conceptual Specification Document.

5. NEW PRODUCTION MANAGEMENT SYSTEM
(NEWPROMS) DEVELOPMENT PROGRAMME
In January 1985 a team of System Analysts was
assembled, with some full time Works personnel support
to expand the Conceptual Specification sheets to detailed
System Requirements for seven computer system projects.
The seven projects, under the general title NEWPROMS
— NEW PROduction Management System, were:
— Process Order Management (POMS),
— Production Planning (PNP),
— Steelmaking, Caster and Bloom Mill Scheduling (SCB),
— Feed and Finished Product Inventory (PIN),
— Works Material Tracking (WMT),
— Secondary Mills Production Recording and Despatch
(SPD)
— OLD to NEW Systems Information Bridges.
See Figure 8 for a view of the project areas in relation to
Divisional information flows.
6. NEWPROMS SYSTEM FEATURES
The following summarises the main features of the seven
previously mentioned projects. Also included is a section
on systems development that was subsequently progressed
to meet additional requirements, plus a section dealing
with general features of interest.
Process Order Management System (POMS)
Accepts customer orders from the Corporate booking sys
tem and automatically determines the processing path
each order must take. Applies the customer order back up

Figure 8. NEWPROMS Related Information Flows (bracketed letters
are the computer system identifiers as shown in Section 5 system titles).
FEEDBACK TO PRODUCTION PLAN & ORDER BOOK
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Note: Movements of product through one processing unit to the next provides the management
reporting data.

the processing chain, taking into account yield factors and
processing throughput rates at each processing unit.
Creates a Process Order (production loading) at each unit
in the selected processing chain.
Production Planning System (PNP)
,
On demand Amalgamation (BATCHING) of all Process
Orders with a similar specification in a Required By date
sequence. The key factor, the Datum Line for all the
Process Unit Required By dates is the date that the SeconTHE AUSTRALIAN COMPUTER JOURNAL, VOL. 23, No. 3, AUGUST 1991 99
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dary Mill intends to roll customer orders of that particular
specification.
For example, all customer orders for differing Sections
and Lengths, but for the same grade in the same week, will
be amalgamated into a single tonnage requirement at the
Steelmaking Department.
Provides facilities to selectively add late orders and
amendments plus facilities to split, further amalgamate,
amend and cancel the automatically amalgamated
BATCHES — in effect control Short Term Planning — at
all Processing Units.
Real-time updating of actual production against the
plans, plus on-line production and stocks monitoring
facilities.
Provides each department (Process Unit) with limited
facilities to further manipulate Batches to aid in overcom
ing short term production related problems.

A shell of 4 programs control all Inventory updating.
Allows Product Lot input to and output from Process
ing Unit storage locations. For example, receives feed
billets into storage and charges billets from storage into a
Secondary Mill reheater furnace.
Provide on-line enquiries on Product Lots by:
— Heat
— Section
— Grade
— Location
— Rack
in either summary or detailed form, with options to print,
within seconds, at a designated printer location.
The VDU location is used to preset much of the enquiry
key data thereby minimising Operator enquiry input key
strokes. The VDU location is also used to ensure that
Operators work only on Inventory residing in their area of
responsibility.

Steelmaking, Caster and Bloom Mill Scheduling System
(SCB)
Takes Planned Batches of steel production and passes
them down to the three Primary Area processing compu
ters (Steelmaking, Caster and Bloom Mill) as separate but
integrated production schedules, with timing estimates.
Take Real-time production returns, against the sche
dules, from the three processing computers and provides
on-line access to actual versus scheduled production.
Passes this information back to the Production Planning
System and forward to a Billet Truck despatch and track
ing subsystem.

Works Material Tracking System (WMT)
Maintains linked records on the history of all “Product
Lot” locations, movements, scrappings, downgrades and
physical changes (e.g. billets rolled to finished sections)
that occurred from Steelmaking through to Customer pro
duct despatch.
A steel specification checking module matches actual
steel characteristics against the characteristics required to
meet the customers’ order specification. This model is used
in key operational procedure programs to ensure that the
correct steel is being used. Messages indicate to Operators
the Severity Level of specification mismatches and log any
corrective actions taken.
Control of the Message types, Level of Severity and the
reporting of same can be varied by “Expert” Metallurgists
for any VDU on the mainframe computer network.
Allows Quality Services personnel' to Restrict or Stop
an^ further processing on a selected Product Lot. For
example, processing may be allowed to continue on a
particular Lot of steel but it may only be despatched to a
certain customer.
Automatically produces Certificates of Compliance at
Customer order despatch time.
"This system is the main computer tool used by the
Quality Services department.

Feed and Finished Product Inventory System (PIN)
This is a single repository for all produced steel. Each
“record jbf the steel” is unique according to the physical
charactefistics and location of the steel. For example, a
Heat of steel (a Heat being the product of a 200 tonne
BOS3 furnace batch) may have been cut to two different
billet lengths and one of those lengths despatched to three
different locations. This creates four records on computer.
The term used for these unique sets of steel is “Product
Lots”.

Secondary Mills Production Recording and Despatch
System (SPD)
Arranges Planned Batches in accordance wit^ the desired
Secondary Mill rolling sequence and passes them to a Mill
Production Scheduling/Recording system, on an “as
required” basis.
Note: The Mill Schedule is passed to a Secondary Mill
department processing computer, if one is present.
Production is applied against the Schedule, at Operator
Control terminals within the mill. The information is also
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passed back to the Production Planning system and for
ward to the next Processing Unit in the chain.
The next Unit may be Straightening Plant, Pickling
Unit etc., or it may be Stocks Awaiting Customer Des
patch. In all cases bundle identification labels are pro
duced. See Figure 8A.
Provides despatch documents for rail and road trans
port unit loadings, plus bar coded customer labels for each
bundle. Advises the corporate system, for invoicing and
corporate order book status reporting to customers.
Information Bridges
Information “Bridges” were constructed between existing
(old) systems and newly developed systems so that pro
gressive implementations could occur.
Additional Requirements
Shorter order booking to production lead times, plus the
need to permanently change over to Corporate compatible
Customer, Grade and Section definitions, forced Compu
ter Centre management to initiate an on-line order and
amendment booking project, plus a small Warehouse sales
stock management project.
Real Time Order Transmission System (ROT)
Briefly, orders placed on the Corporate order book are
immediately “posted” to Newcastle’s computerised order
book rather than the original twice daily bulk transmis
sion. Both Quality Services and Production Planning per
sonnel can set up their own review rules to catch and hold
orders or amendments. For example “If the order is for
Customer A and Grade B then hold the order for review”.
Such orders, once examined, are either ‘posted back’ to the
branch with a correction request or accepted onto the
divisional order book.
In “urgent order” circumstances an order may be
automatically accepted, pending a review.
Average order booking times, from branch offices in all
state capital cities, plus a branch in Auckland, New Zea
land, is 10 seconds.
Warehouse Stocks Monitoring and Management System
(MAM)
Service customer orders for stock (the Division keeps a
range of standard sections and lengths in stock). The sys
tem also:
— Has a “fast-track” through NEWPROMS to give an
immediate (within one minute) despatch scheduling
and actual despatching ability.
— Reserves stocks on a first come first served basis and
rejects orders when no stocks are available. Rejected
orders are subsequently accepted if the required deliv
ery date is amended to after the next stock replenish
ment is due.
— An additional feature provides automatic alignment of

orders where the order may be fulfilled against future
replenishment stocks, see Figure 8B. This leaves cur
rent stocks free for more urgent orders.
— Automatically reports stocks that reach a “replenish
ment required” level.
General Features
A large Codes and Standard Parameters database provides
both Maintenance Programmers and Systems Users with a
means of varying program logic without, or with minimal,
program amendments. It follows that this feature allows
one program to be used at several mills without having to
compromise system maintainability.
A printed report storage and retrieval database for:
— Report reprints or part reprints,
— Storage of report “back issues”,
— Display terminal “browsing” of reports.
On-line history summaries of customer orders with a
cross reference to the specification of actual product app
lied to the order, plus a cross reference to more detailed
information stored on microfiche. This information is
maintained to meet statutory requirements.
DB2 tables containing 24 months data. This is available
to the workplace for ad hoc enquiries and reports, plus
extraction for statistical analysis purposes.
7. SEQUENCE OF DEVELOPMENT
The following is a chronological sequence of systems
development plus significant events that caused changes
and/or additions to the development schedule.
December 1985: Computer procedures, display screens
and printed reports (for the initial 7 projects) prototyped
and presented to the applicable departments, corrected
and ratified.
March 1986: Completed the amalgamation of individ
ual system Database structures into an integrated set. See
Figure 9 for a database overview.
August 1986: Implemented the Process Order Man
agement System.
January 1987: The Newcastle Works Primary Area
(Steelmaking, Caster and Bloom Mill) aspects of the Pro
duction Planning system were Implemented.
April 1987: The Steelmaking, Caster and Bloom Mill
(Primary Area) scheduling system was implemented and
fine tuned during the new Bloom Caster commissioning
period.
Production data, on Billet and Bloom output from the
Bloom Mill, initiated the implementation of Feed Inven
tory and associated Works Material Tracking.
A new order book was raised with information bridging
to the existing order book so that both could be maintained
in parallel.
September 1987: Implemented NEWPROMS at the
newly commissioned Brisbane Market Mill.
January 1988: Implemented NEWPROMS at the Kwinana Merchant Mill.
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December 1988: Implemented a subset of NEW
PROMS at a subcontractors Strip Cutting Plant in Sydney.
April 1989: Implemented NEWPROMS at the two
most complex processing mills within the division —
Newcastle No. 1 and No. 2 Merchant Mills. This signalled
the completion of the management sanctioned Newproms
development project.

PROCESS
UNIT

PROCESS
PATH
CUSTOMER
ORDER
SPECIFICATION

SECONDARY AREA
PRIMARY AREA
PROCESS
(PRODUCTION UNIT)
ORDERS

DITTO

SECONDARY AREA
PRIMARY AREA
PROCESS ORDER

DITTO

BATCHES
'HEAT OF
STEEL
SECONDARY AREA
PRIMARY AREA
PRODUCT LOT
(UNIT OF
PRODUCTION)

DESPATCH

DITTO

SECTION
GRADE &
LENGTH

Note: The above only covers the most important database group and relationships. Actual number of
databases — 103. One arrow indicates a single data relationship, two arrows — many. e.g. one
Customer Order can have many Process Orders.

Figure 9. Database Overview.

April 1988: Implemented NEWPROMS at the Newcas
tle Rod Mill, in line with the commissioning of new Stelmore cooling equipment.
Implemented the Order, Planning and Production his
tory storage system.
May 1988: Implemented a NEWPROMS subset at the
Brisbane: Fence Post and Rod Cutting Plant.
July 1988: Commenced setting up a trial DB2* data
base (an IBM software product) of generally available
Production information with the dual aim of: Providing Ad
Hoc enquiries, graphs and reports; and providing data to
the SAS* Statistical Analysis System software package.
September 1988: Implemented the Real Time Order
Transmission (ROT) and the Warehouse Stocks Monitor
ing and Management (MAM) Systems.
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8. SUBSEQUENT DEVELOPMENTS
May 1989: The management group decided that all
remaining production units within the division, plus any
future production units, would be incorporated into the
Newproms system on a needs basis.
June 1989: The personnel and computer equipment
used for the Level 3 component of Production Systems
(See Figure 3) was amalgamated with Levels 1 and 2.
Work started immediately on improving the timeliness
and accuracy of information flows between Levels 2 and 3.
This is a series of ongoing projects, and depends upon the
purchase and installation of computer equipment for the
various steel producing departments within the Division.
See Figure 10 for an overview of currently installed com
puter equipment and associated networking.
January 1990: Gained Management approval to incor
porate the proposed Sydney Mini Mill into Newproms.
Development progressing.
May 1990: Implemented a subset of Newproms at a
subcontractors strip slitting plant in Wollongong.
June 1990: Implemented Newproms at the Geelong
Rod Mill.
9. CONCLUDING OBSERVATIONS
Prior to the introduction of Business Systems Planning
processes systems development had been fragmented,
with the more aggressive and computer literate" depart
ments/individuals gaining the larges't slice of (he devel
opment resource, not always to the overall benefit of the
business.
The BSP processes Aised from early 1984 onwards
encouraged significant senior management commitment
to a Works-w^de systems development strategy. The Man
agement Team effectively became the owner of NEW
PROMS, other major systems, and the processes of ensur
ing continuity in the planning and development of
computer-based systems to support consumers needs.
Indicative of these on-going processes are the:
— reviews of the business systems plan, carried out either
on a time basis (typically annually), or if# significant
change in the business environment occurs (e.g. crea
tion of the new structure of BHP Steel in June 1985);
— for NEWPROMS itself, continued questioning of its
effectiveness — Is it doing the job? How well is it doing
the job? The performance of NEWPROMS and related
systems is monitored by an array of key performance
indicators integral to the overall divisional manage-
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Figure 10. BHP Rod and Bar Products Division — Network Overview.

ment approach. As examples: actual versus predicted
delivery performance of product to customers; tonnes
and mix of steel stocks, actual versus aimed.
A Business Analyst has been appointed to each Busi
ness Unit, within the Rod and Bar Division, to aid Unit
management in determining system needs. Their spending
is controlled via the annual budget.
The implementation cost for systems that do not simply
mimic existing procedures can be much higher than for
those that do. The main reason for this appears to be the
fact that the computer tools provided addressed the way
things would finally be done but did not take into account
that a significant period of transition would be needed at
the shop floor level.
Such problems can be alleviated by placing greater
emphasis on designing the procedures rather than just
designing a computerised means of supporting manage
ment requirements. This has the added benefit of making
management more aware of the implications of a change
and therefore more sympathetic of proposals to implement
systems in stages.
Process level computing must always play an approp

riate role in the total systems architecture for an organisa
tion. Computer-based systems exist to support business
needs; various levels of computing addressing specific
needs but always forming part of the larger picture.
The days when local, plant-specific automation could
be progressed independent of (or unaware of) the broader
organisational needs are gone. Full consideration nowadays
must be given to safeguarding the integrity of data and
process both across and witliin process levels. Pursuing
standalone, local-interest systems frequently leads to
“islands of automation” problems when, at some later
date, an attempt is made to integrate these bits into an
overall larger system.
The full range of computing needs must be understood,
planned, made happen, and thereafter regularly reviewed
for performance. We have found that the BSP processes
are particularly applicable in the understand/plan phases
of systems development.
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BIOGRAPHICAL NOTE

DEFININTION OF TERMS
1. Secondary Mill Billet feed
The output from a Bloom (or Primary) Mill is billets, approximately 150
mm2. These billets are feed input to a Secondary Mill which reheats and
rolls the billets to a finished section, for example channel section, for
delivery to customers.
2. Steelmaking
The sequence of making steel is:
— Production of molten iron in a Blast Furnace,
— The cooking of this molten iron with various additives to give a steel
recipe (Steelmaking),
— Casting of the steel into 700 mm x 400 mm Blooms,
— The rolling of blooms down to billets at the Bloom Mill.
3. BOS Furnace
The type of furnace for turning iron into steel is a Basic Oxygen Steelmak
ing furnace. A 200 tonne “Heat” of steel is produced from a BOS furnace
at approximately 45 minute intervals, 24 hours per day.

<■—— LETTER TO THE EDITOR

Following short careers, first as a Marine Engineer and then
as a Mechanical Technician, 21 ofAndy Norcott’s 26 years
in BHP Steel have been associated with computer systems
development in production and production-related areas.
He commenced work at the new Steelworks Computer Cen
tre in Newcastle in 1969 as a Trainee Programmer and
moved into a Project Leadership role in 1972. In 1980 he
was made responsible for all Steelworks production systems
development on mainframe (CDCIIBM) and minicomputer
(DEC) systems. Since completion of the major Newproms
systems development work he has consulted on integrated
manufacturing systems for customers of BHP Information
Technology.

—

26 My 1991
The Editor
The Australian Computer Journal
Dear Sir
In the May 1991 issue of the Journal, Mr Ernest Jordan
raised three points of concern relating to our paper on the
“Motivational Characteristics of Australian Information
Systems Personnel” published in the August 1990 issue of
the Journal. We are responding to each of his concerns.
Mr Jordan first argues that our survey instrument was
aimed at programmers rather than information systems
professionals generally. We disagree. Nothing in the sur
vey instrument limits its use to programmers. Indeed, the
instrument has been validated for 17 job types within the
computer field (see Couger et al., “Motivation Levels of
MIS Managers vs those of Their Employees”, MIS Quar
terly, September 1979 and Couger and Zawacki, “Moti
vating and Managing Computer Personnel!”, Wiley Inters
cience, 1980).
Mr Jordan then argues that the survey instrument is
American based and needs to be validated and redesigned
or adjusted for the Australian culture. We carefully consi
dered this issue before using the instrument, and we con
cluded that no redesign or adjustment was necessary. The

instrument has been used successfully without adjustment
in countries that have cultures more different from the
USA than Australia — for example, Taiwan, Finland and
Thailand. In any event, one of our reasons for using the
instrument in Australia was to assess its validity in the
Australian context. In light of conversations with our
colleagues in industry, we believe our results have face
validity. The more difficult issues of construct validity and
predictive validity can now be addressed.
Mr Jordan’s final point is that our response rate was
inadequate. We agree that limited response rates affect the
external validity of survey results, and in this regard we
have been careful about generalising beyond the popula
tion of respondents to our questionnaire. Nevertheless, the
absolute number of respondents was large, and most of our
results was statistically significant. Even if readers of our
paper do not wish to generalise beyond our population of
respondents, we believe our results are interesting. They
are consistent with the results obtained in overseas studies
on the motivation levels of information systems profes
sionals. Moreover, if the instrument is valid and reliable as
we believe, the results reflect the attitudes of a large
number of information systems professionals in Australia.
Sincerely
G. Dengate, J.D. Couger, R. Weber

&
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Dynamically
changing schemas
within database
models
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Temporal support within database systems has been iden
tified as a useful characteristic. We investigate the incorpo
ration of temporal support into the meta-database and
argue that useful semantic capabilities can be gained. The
addition of this temporal support is investigated with par
ticular reference to the semantics of null values, its effect
on integrity constraints and its impact on query languages.
Keywords and phrases: Temporal Data Modelling, Null
Values, Temporal Query Languages, Integrity Constraints,
Schema Evolution.
CR Categories: H.2.1, H.3.

INTRODUCTION
The incorporation of a knowledge of time within a data
modelling technique allows for time-related information
to be modelled more easily, consistently and, as a result,
more effectively. Generally, the addition of temporal sup
port within database systems allows the user of the
database two temporal views on the data held. Firstly,
it permits a rolling-back to allow viewing of past states of
the database and secondly, it allows a historical perspec
tive to be adopted to view past states of the real world (as
represented by the database). It is argued that this support
can usefully extend the semantic capabilities of a model
ling system.
In this paper the concept is extended by investigating
the incorporation of temporal support into the meta
database (the database holding the schema), and examin
ing the advantages of such an addition.
To our knowledge, only two papers have dealt with this
subject previously. Laine, Maanavilja and Peltola (1979)
propose a Grammatical Database Model that uses the same
language to describe the structure of the meta-database as
the database itself. Since this language allows historical
information to be maintained, some historical support of
the meta-database is also considered. McKenzie and
Snodgrass (1990) investigate Schema Evolution with ref
erence to the relational algebra. Using denotational
semantics they discuss the incorporation of transaction
time into the meta-database. A survey of the field of
temporal semantics including dynamically changing
schemas is given in Roddick and Patrick (1990) and Rod
dick (1990).
2. TEMPORAL SUPPORT WITHIN DATABASE
SYSTEMS
The support for time in a database system has been inves
tigated extensively in the literature. Many of the modelling
techniques proposed recognise that there may be more
than one time line, although nomenclature has varied. In
particular, there may be a difference between the
reality of an event occurring apd the recording of it in the
database.

Copyright © 1991, Australian Computer Society Inc. General
permission to republish, but not for profit, all or part of this
material is granted, provided that the ACJ’s copyright notice is
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2.1 Valid Time Support
Valid time is the time the event happened in reality or the
effective data (in the object system) of a database amend
ment. This type of time recording allows a user the oppor
tunity to post or pre-date changes to the database and to
correct input errors. It also allows the retrieval of events for
a specific time period even if the events were not recorded
during that time period. According to the taxonomy pro
posed by Snodgrass and Ahn (1985), which is adopted in
this paper, database systems that support only this type of
time are to be termed historical databases. Examples
include Breutmann, Falkenberg and Mauer (1979), ClifTHE AUSTRALIAN COMPUTER JOURNAL, VOL. 23, No. 3, AUGUST 1991 105
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ford and Warren (1983), Jones and Mason (1980) and
Klopprogge (1983).
2.2 Transaction Time Support
The recording of an event in the database may occur at a
time significantly different to its occurrence in the real
world. Transaction time is the time the data was stored in
the database, that is, the time the database reflected the
state of the object system. This method of recording time
allows a database user to rollback the database to view
earlier states of the database. If transaction time only is
supported, the database is called a rollback database.
Examples include Ariav, Beller and Morgan (1983); Cope
land and Maier (1984) and Lum, Dadum, Erbe, Guenauer,
Pistor, Walch, Werner and Woodfill (1984).
Under Snodgrass’ taxonomy, temporal databases refer
to databases possessing both rollback and historical capa
bilities. Examples include Ben-Zvi (1982), Ariav (1986)
and Snodgrass (1987).
As an example to illustrate the difference between valid
and transaction time, suppose a binary relation holds the
name and salary of employees. (The definition of a binary
(unary, ternary or n-ary) relation being a relation with
(one, three or n) attributes must be modified to refer to the
user-manipulable attributes only. The four temporal
attributes in each relation can be considered transparent to
the user with respect to the normal relational operations.)
The database might initially hold the following data:
Name
Roddick, J.F.

Salary
534,300

Start Data
12-Mar-1989

End Data
*•

Start Data
15-Mar-19B9

End Data
-

a past state of the database. A fuller coverage of the
concepts can be found in Snodgrass (1987) and Ariav
(1986) and the reader is directed to those references for
further information.
3. TEMPORAL SUPPORT WITHIN THE META
DATABASE
In most of the literature to date, temporal support has only
been investigated within the database itself. In the
remainder of this paper we investigate the ramifications of
incorporating temporal support within the meta-database
and thus the accommodation of dynamically changing
schemas. In particular we examine the effects of the sup
port on database queries and on the interpretation of null
values.
3.1 The Meta-Database
The role of the meta-database is to model the database.
That is, the object model of a meta-database is the data
base itself. The meta-database therefore needs to possess a
knowledge of the structure and use of the database.
Changes to the structure of the database lead to an addi
tion to or a change in the semantics of the information
held. In the case of a populated database, such changes
may render invalid inferences drawn from the data. To
extend the example above, suppose we add and populate
an extra attribute of Uni.Code to the EmpLSalary rela
tion. We adopt Codd’s notation of using co to depict a null
value and 0 to denote an empty relation.
Eaal. Salary

RaJj-tloa

Nan*

This data indicates a salary of $34,300 with effect from
12-Mar-1989. The data was entered on 15-Mar-1989. Let
us suppose that an error had been made and that the salary
should have been entered as $34,350. This amendment,
made on 18-Mar-1989, would result in an additional tuple
being added and the existing tuple being given a transac
tion time end date as follows:
Eapl.Salary

Relation

Via*
Roddick, J.F.

Salary
S34,300

Roddick. J.F.

$34,350

?

^

Valid Tin*
Start Data End Data
l^-Mar-1989
«
~'12-Mar-1989

••

Transaction Tina
Start Dat*. End Data
15-Mar-lv89 18-Mar-1989
18-Mar-1969

Note that only the transaction time data is altered. This
is to be expected as no change has occurred in the object
system; just our representation of it. Now suppose the
recorded salary was increased to $35,000 with effect from
1-Nov-1989. This amendment would be recorded as
follows: %
EfflpI . s.l arj

Sana
Roddick, J.F.
Roddick. J.F.
Roddick, J.F.

Rnlatlon

Salary
534,300
534.350
$35,000

Valid Tina
Start Data End Data
12-Har-1989
••
12-Mar-1989 l-Nov-1989
1-Nov-1989
«*

Transaction Tina
Start Data End Data
15-Mar-1989 18-Mar-1989
18-Mar-1989
11-Oct-1989
••

The amendment results in another new tuple with
altered valid time values to reflect the change in the real
world. No end date is recorded for transaction time under
the old tuple as the data are still valid; it accurately records
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Salary

Uni.Cod*

Valid Tin*
Transaction Tin*
Start Dat* End Dat* Start Dat*End Dat*

Roddick, J.F.

$34,300

CO

12-Mar-1989

Roddick, J.F.

S34,350

©

12-Mar-1989

l-Mov-1989 18-Mar-19B9

-

Roddick, J.F.

$35,000

©

1-Nov-1989

10-Jan-1990 H-Oct-1989

Roddick. J.F.

$35,000

SA3

10-Jan-1990

-

lS-Mar-1989 iB-Mar-1989

10-Jan-1990

•*

~

As would be expected, this results.in an addition of a
tuple to the relation caused, not by the definipg of the
attribute, but by the population of that attribute. For the
purposes of our discussion, we represent the schema in the
form of a set of relations,%hich in our example might be as
follows. For clarity some attributes and the self-defining
tuples have been omitted from these relations.
. •»*Relation
f

Meta-Relfttlon

R*l.
Nan*
Empl.Salary
Attribute
Att.
Nan*
Name
Salary
Uni.Code

Transaction Tin*
Start Dat* End Dat*
l-Mar-1989

Valid Tin*
Start Dat* End Dat*
l-Mar-1989
l-Mar-1989
5-Jun-l989
-

Transaction Tin*
Start Date End Dat*
l-Mar-1989
l-Mar-1989
5-Jun-5^989
-

■Relation
Valid Tin*
Start Dat* End Dat*
l-Mar-1989
l-Mar-1989
10-Jan-1990
-

Transaction Tin*
Start Dat* End Dat*
l-Mar-1989
l-Mar-1989
10-Jan-1990

.Meta-Relation
Domain
Text
Dollars
Unis

Relation/Attribute
Ral.Nan*
Empl.Salary
Empl.Salary
Empl.Salary

Valid Tin*
Start Dat* End Dat
l-Mar-1989
•»

Met

Att.Nan*
Name
Salary
Uni.Code

The meta-relations above show that Uni.Code was
defined as an attribute in the database in June 1989 but not
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incorporated into the Empl.Salary relation until
10-Jan-1990.
For simplicity in the example the valid and transaction
times were equal. In some circumstances these could
differ. To understand the significance of the difference
remember that valid time pertains to the time an event
occurs in the object system while transaction time pertains
to the modelling environment. In the context of the meta
database, the transaction time indicates the time the
change to the schema was recorded and the valid time
indicates the time the change was effective in the database.
Thus similar valid and transaction times indicate that the
changes to the schema took immediate effect.
Transaction
Tme

Transaction
Tme

Pnl.Pnei

Relation

On 1.Cod*

Valid Tin*
Start Dat* End Dat*

Oni.D* * c.

SA1

Uni.

of Adelaide

SA2

Flinders Uni.

10-Jan-1990

-

SA3

S.A.

Inst. Tech.

10-Jan-1990

l-Jan-1991

SA3

Uni.

of South Ausi

1-Jan-1991

10-Jan-1990

-

In the example above attribute Uni.Code is undefined
(i.e. the value of the attribute comes from an interval
during which the attribute was undefined), for two of the
tuples in Empl.Salary. The temporal join of the two rela
tions over the attribute Uni.Code would result in the
following:
gaplSal&rvrOnl-Coda-Pnl-CodalPnl-DBsei
Oni.D*ac

Start

Valid Tin*
Dat* End Dat*

Has*

Salary

Oni.Cod*

Roddick, J.F.

$3S,000

SA3

S.A. Inat. Tech.

10-Jan-1990

Roddick, J.F.

$35,000

SA3

Uni. of South Aust.

1-Jan-1991

l-Jan-1991

and

Valid Tme

gaol -S alarv f Pni . Cod«-Ci)Pnl. Cod* 1 Oni. Dai Cl

Real
World

Database

Database

Figure 1. Target of Transaction and Valid Time References for data
base and meta-database.

3.2 Handling Change Schema
If changing schema are permitted then the effects on other
aspects of database management must be considered. In
particular the effect on the following are considered:
a. nulls
b. integrity constraints
c. the query language
3.2.1 The Meaning of Nulls in Databases with
,
Dynamic Schemas
Codd (1979, p. 403) gives two definitions of the meaning
of a null value; value at present unknown and property
inapplicable. Neither of these is suitable where data are
being extracted from attributes where there is no current
definition in force such as for Uni.Code in the example
earlier. The method of dealing with such nulls however is
similar to the method outlined in Codd (1979) with exten
sions to cater for undefined relations. In general there are
two extra cases which must be accommodated:
a.' operations on a non-existent relation,
b. operations involving a non-existent attribute.
For example, suppose Empl.Salary and Uni.Descs are
historical relations, parts of which are as follows. For
clarity we have dropped the transaction time values;
McKenzie and Snodgrass (1987a, 1987b) investigate a
snapshot operator 5 to enable temporal relations to be
viewed historically.
Nab*

3»l*ry

Roddick, J.F.

$34,350 :

Pni.Cod*

Start D«t*

<0

12-Mar-1989

Roddick, J.F.
Roddick, J.F.

$35,000

<0

l-Nov-1989

S35.000

SA3

10-Jan-1990

End Dat*
l-Nov-1989
10-Jan-1990
—

Oni.D*ic

Valid Tia*
Start Dat* End Dat*

Mas*

Salary Oni.Cod*

Roddick, J.F.

$34,350

CO

CO

12-Mar~1989

l-Nov-1989

Roddick, J.F.

$35,000

0)

<0

1-Nov-1 989

10-Jan-l990
l-Jan-1991

Roddick, J.F.

$35,000

SA3

S.A. Inst. Tech.

10-Jan-1990.

Roddick, J.F.

$35,000

SA3

Uni. of South Aust.

l-Jan-1991

Intuitively, the addition of a new attribute to a relation
should not effect the remaining data in the relation. Use of
the new attribute in the operation should be facilitated by
use of the relational MAYBE operators (Codd 1979). That
is, the new attribute might have had the necessary value
had it been collected.
It is clear that the operators in the relational model need
minor modification in terms of the potentially changing
structure, and that the append only property of temporal
data modelling must be invoked to prohibit the outright
deletion of obsolete meta-data and concomitant data; i.e.
on the deletion of an attribute from the data model the
attribute should be flagged as deleted. Subsequent access
to the data items held by that tuple would result in the
return of a null value if the as-at date given is after the date
of deletion.
Non-existence of a relation would be dealt with in the
same way, in that a null relation would be used whenever it
was required in an operation. Thus to use the earlier
example:
If relation Uni.Descs has been deleted then
tBPl-SalaryfOal.Cod*.Pni .Cod*1 On 1,Do ac.

and
Etcpl . Salary IDnl . Code-(OP nl
Nab*

CrxtelUnl.Deiea

Salary

Qni.Coda

Roddick, J.

$34,350

<0

Roddick, J.

$3S,000

Roddick, J.

$35,000

SA3

Valid Tin*
Start Dat* End Data
12-Mar-1989

l-Nov-1989

l-Nov-1989

10-Jan-l990

lO-Jan-1990

We can see that two rules can be applied.
,
a. If an attribute is undefined at a time tl but is defined at
some other point in time during the life of the database
then the value of the attribute at tl should be treated as
cd in all relational operations.
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b. If a relation is undefined at a time tl but is defined at
some other point in time during the life of the database
then the extension of the relation should be treated as a
relation containing all attributes defined for that rela
tion during the life of the database with the value of
those attributes as a> in all relational operations.
We can see that the second rule violates Codd’s idea
that a key cannot contain a null value as it represents an
entity in the real world. In this case, however, the entity
may not exist (or be relevant) to the model at this time and
the model reflects this.
3.2.2 Dynamic Integrity Constraints
Integrity constraints within a database ensure the validity
of the database with respect to the modelled environment.
For instance, in our example suppose we wish to insist that
for every tuple added to the Empl.Salary relation, the
Uni.Code field must have a valid code consistent with the
Uni.Descs relation. In conventional databases, we would
add such a constraint to ensure that additions such as
<Roddick J.F., $37,000, oS> are rejected in violation of
that constraint.
However, just as entities and relationships between enti
ties alter over time in the real world, so will the constraints
imposed on a database. While in certain cases it may be
reasonable to impose a constraint over all time (an effec
tive back-dating of the constraint) in other cases a con
straint may only be relevant with respect to given time
intervals. It follows then that constraints on database
updates should possess the same temporal flexibility as the
meta-database. Under current practices if such semantic
detail is required it is implemented in the application
programs.
3.2.3 Query Language Extensions
Temporal query languages have been discussed by many
researchers; see for example Snodgrass (1987); Date
(1990, ch. 14). We investigate here the extensions neces
sary to handle changing schema. The principle problems
are as follows:
a. A query for an instant in time must interrogate the
meta-database for that point in time to ascertain the
structure at that time.
b. A query for an interval in time must interrogate the
meta-database for the whole interval to ascertain the
structure of the database over the whole interval.
As aniexample we adopt the TQUEL query language
outlined In Snodgrass (1987) as applied to the earlier
example. In the example there is no explicit specification
of the attributes required. Where an attribute is requested
explicitly similar procedures would be adopted.
ring* of el i* Empl.Salary
r«tri«v«
i
vh*n el overlap "April

1989"

would yield
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Han*
Roddick, J.F.

Salary
$34,3S0

Start Dat*
12-Har-1989

End Data
l-Nov-1989

Start Dat*
18-Mar-1989

End Data
••

whereas
rang* of el i» Empl.Salary
r*tri*v*
when el overlap "April

1990"

would yield
Han*
Roddick, J.F.

Salary
$35,000

Oni.Cod*
SA3

Start Date
10-Jan-1990

End Data Start Date End Date
~
10-Jan-1990

A query requesting retrieval over an interval will
invoke the concept of the completed relation in a similar
manner to that used by Clifford and Warren (1983). Time
is accommodated by the use of state attributes which may
be linked to absolute times. In addition, the key to every
tuple that has ever existed in the database is assumed to
exist in all states of the database — a requirement termed
the comprehension principle. We apply this idea to the
meta-relation and propose that a query over an interval in
time be effected on a relation containing all attributes that
existed at any point during that time period. It can be
shown that this is equivalent to effecting a query on a
relation containing all attributes that have ever existed in
the relation followed by a projection of those relevant to
the time period (or those explicitly requested). The result
could invoke the null procedures outlined in 3.2.1. For
example:
rtnge of el i« Empl.Salary
retrieve
vh«n el overlap "April 1989" through "April

1990”

would yield
Tmpl

Salary

M*a*

Salary

Oni.Cod*

Roddick, J.F.
Roddick, J.F.

$34,350
$35,000

0J

Roddick, J.F.

$35,000

SA3

4?

Valid Tim*
Tranaaction Tie*
Start Date End Date Start Date End ’Date
12;Har-1989 l-Noy-1989 18-Mar-1989
l-Nov-1989 lO-Jaiv-1990 n-Oct-1989 *

f

10-Jan-1990

■

10-Jan-1990

••

••

%

4. ADVANTAGES OF ACCOMMODATING
CHANGING SCHEMA
Temporal support withii#databases augments the seman
tic capability of a model. We suggest that the accommoda
tion of changing schema provides significant semantic
enhancement over ordinary temporal databases. In partic
ular, dynamically changing schemas offer the ability to:
a. intelligently apply null logic to queries where the data
held are incomplete;
b. retain historical information without retaining an obso
lete database structure;
c. interpret database queries in proper temporal context;
d. model the changes to the schema for later evaluation.
It is also suggested that full temporal support may not
be required in all circumstances, either in the meta
database or in the database itself. Research investigating the
response times of temporal databases (Ahn 1986; Ahn and
Snodgrass 1986) show that temporal support can be costly
if injudiciously applied.
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5. CONCLUSIONS AND FURTHER RESEARCH
In this paper we have investigated the incorporation of
temporal support within the meta-database with a view to
accommodating dynamically changing schemas. It is sug
gested that such a capability could provide significant
semantic enhancement. Further research is progressing to
build a prototype database with such a capability to test the
ideas examined above.
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Executive Information Systems (EIS) and Executive Sup
port Systems (ESS) are a form of decision support system
(DSS) for senior executives. This paper presents an over
view of the EIS concept and its implementation in the
Royal Australian Navy. The terms EIS and ESS are
defined, and their relationship to other forms of decision
support are discussed in terms of their purpose and func
tion. The difference between management functions deal
ing with operational and tactical issues and those dealing
with strategic issues are also adressed as these concepts are
fundamental to the development of user oriented decision
support systems. The development of the EIS concept as it
would apply to a particular organisation is discussed and
the methodology, pitfalls and successful strategies are des
cribed The RAN has implemented an EIS and this report
briefly discusses the development and implementation of
an EIS drawing on that experience. Finally, the value of
an EIS will be addressed some observations will be made
on the future of EIS and DSS, and recommendatipns put
forward as to what research avenues could provide useful
results.
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1. INTRODUCTION
On 3 April 1990 the Chief of Naval Staff, the senior officer
of the Royal Australian Navy, started to use the services of
the Navy’s Executive Decision Information System (EDIS).
Like many senior executives in industry and government
the computer terminal that had been on his desk for some
time was rarely used, but within twenty minutes of having
the EDIS workstation installed in his office CNS was using
the system and suggesting changes to the content. As will
be emphasised later, the prime indicator to the developer
that such a system is being used is the interaction with the
senior executive on the information content. The imple
mentation of EDIS made the RAN one of the first public
sector users of an executive information system (EIS) in
Australia.
This paper provides an overview of the purpose and
role of an EIS in large organisations. It describes what they
are, what the relationship is with other information sys
tems and decision support systems (DSS), and what the
role of an EIS is in terms of management functions. The
development of Navy’s EDIS Project and its successful
implementation will be described briefly and used to illus
trate these relationships. Aspects of the EDIS development
which are discussed include the process of information
analysis, staffing, data sourcing and a brief description of
some of the selection criteria used in the selection of
software and in the definition of the system platform
installed to support EDIS. Many of these are addressed
more comprehensively elsewhere (Cole et al., 1988a; Cole
et al., 1988b; Whymark et al., 1988; Cole and Whymark,
1989; Whymark and Landau, 1989; Whymark and
Speller, 1989; Whymark, 1991a; Whymark, 1991b;
Whymark, 1991c), and so this report constitutes an over
view of an EIS generally and of Navy’s EDIS in particular.
%
' i
2. PURPOSE OF AN EIS
2.1 EIS and ESS
There are two terms that have gained common usage when
referring to systems thaf support senior executives in their
management and decison making activities: the executive
information system (EIS) and the executive support system
(ESS). They are not decision support systems in the tradi
tional sense, but have developed from the work of man
agement system researchers over the past decade (Rockart
and DeLong, 1988). Having been birthed as manual sys
tems and then developed for computer literate executives
able to use the keyboard and navigate through the infor
mation presented via a dumb terminal, th§, EIS is now
finding new favour. There are two major reasons for the
current popularity. The first is the ability of the technology
to support the executive friendly interface. The second is
the awareness of the senior executive that every use must
be made of any and every competitive edge available to
the organisation. In public administration the gain is using
an EIS, or in using any type of decision support system, is in

EIS CONCEPT DEVELOPMENT

the improved capacity for the timely and effective use of
the available resources.
The term EIS was made popular by Rockart and Treacy
in 1981 in several working papers and an article in the
Harvard Business Review (Rockart and Treacy, 19 82). An
EIS is intensely data-oriented and aims to provide the
critical information required by the senior executive. The
emphasis is on critical, with a lot of effort being directed
towards determining the information content and the form
of its presentation. An EIS does not aim to present all the
information available, nor does its development wait on all
the required information being available in an efficient
form (meaning it is available electronically). It is primarily
an information support base targeted towards senior exec
utives that is driven by their information needs. The EIS is
user-oriented and is designed to support the decision mak
ing of that user.
The term ESS dates from around 1983, and is at the
same time both an alternative to the term EIS and is also
used to refer to a wider and more encompassing service
than that supplied by an EIS. To some, an ESS combines
the function and purpose of an EIS with other support
functions that can be supplied by an office automation
system with an executive friendly interface. These services
include electronic mail, model-based DSS specific to this
user, and access to other corporate computing and com
munication services. It has yet to be established though if
these other services will prove to be of value to decision
makers in the senior levels of an organisation and are most
likely going to be a reflection of the individual managers
way of doing business. In this paper, the term EIS will be
used to refer to the information intensive system that is
designed to support the decision making of the most senior
executives in a large organisation.
An EIS provides capabilities to meet the various and
variable information needs of executives. The Royal Aus
tralian Navy is currently implementing an EIS to service its
senior executives (the Admirals and Commodores) via a
project called EDIS. EDIS will provide information to
support the planning, evaluation and monitoring functions
of the senior officers (Cole and Whymark, 1989). The
selection and presentation of only the critical information
has been recognised as a fundamental requirement.
Studies by Rockart and DeLong (1988) (page 43) indi
cate that there are three central managerial purposes being
served by executive support systems.
® To develop, clarify, or enhance the individual manag
er’s mental model of the firm’s business environment.
® To improve systems which support the organisation’s
planning and control processes.
® To gain the benefits of applications associated with
office automation, including electronic mail, word pro
cessing and spreadsheets.
As we are using the term here, an EIS is only addressing
the first two of these objectives. In the Navy’s case, concen

trating only on the EIS meant that there was greater focus
on just one part of the concept of an ESS, and a greater
focus on the function and needs of senior executive man
agement. This is a matter of emphasis and does not
exclude the other support functions. One of the many extra
benefits that has been gained from EDIS is that for the first
time all of Navy’s top executive managers are using the
same hardware and software, and are served by a small but
common information support staff. The office automation
and other MSS benfeits will flow on as a matter of course if
the users perceive the need for it to do so.
3. DSS, MIS or EIS
The relationship between management information sys
tems (MIS), DSS and EIS has been discussed previously in
this context by Whymark (1989) where it was proposed
that an EIS is a DSS for the senior executive manager (see
also Turban (1990), Chapter 20, and Turban and Shaeffer
(1989)). All decision support systems have to be targeted
towards a specific set of users, and should be user-oriented.
By categorising the users according to the type of activity
they undertake, the type of decisions they make, and their
place in the organisation hierarchy, the developer of a
DSS, MIS or EIS can better understand the needs of the
users skills and background.
The decision making process that each type of system
supports may be fundamentally different and hence the
systems rely on different methods and technology to pro
vide the support required by management. This is not to
say that the different types of decision support are mutu
ally exclusive, but rather that different types of analysis
and technology may be used for different DSS. The com
bination of different services into one system is desirable if
it enhances the support provided to the decision maker.
3.1 DSS and MIS
The term decision support system is used by many differ
ent groups in the computer industry, in management, and
amongst workers in operations research. It means different
things to each group. Like many other acronyms and terms
it has become part of the jargon, is sometimes used loosely,
and its exact meaning has bebome blurred. It is to be
expected that those with a different background or view
point will place a different meaning on the same term, and
there is no necessarily right or wrong view, but since the
concept of decision support is used by many diverse groups
of workers then care must be taken to clarify the terminol
ogy when communicating with others.
One meaning placed on DSS among operations
research workers, and perhaps thought of as the traditional
meaning of the term, is that it implies the use of mathemat
ical or statistical models. Such systems focus on a single or
recurring decision area and will usually support one deci
sion maker or a small management team working on the
one management problem. The problem must be at least
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semi-structured, but is more likely to be based on a well
structured problem and the resulting DSS is modeloriented. Standard operations research tools such as linear
programming, queuing theory, inventory theory and simu
lation are well-suited to such systems.
This type of decision support system is problemoriented, with a major contribution of the system being in
the definition of the problem. A disadvantage is that being
problem-oriented the system must continue to be restruc
tured, updated or expanded as the problem or the decision
making environment changes. For a system based on a
mathematical model restructuring cannot always be car
ried out without the aid of an experienced analyst, and if
the DSS is based on a simulation model other problems
related to verification and validation will also be
encountered.
In summary, what is referred to as the traditional DSS is
problem-oriented, structured, and emphasises the direct
support of the decision maker or manager for a particular
problem. Levin et al. (1986) defines a DSS as an informa
tion system that provides answers to problems and that
integrates the manager into the decision-making process.
This definition of a DSS is too narrow. It is fostered by
training in operations research that emphasises the analyt
ical, the quantitative, and problem formulation. It suffers
from a lack of consideration of the real purpose of a DSS,
namely the support of the decision-making process itself.
No matter how it is viewed, the process of management is
fundamentally one of decision-making, and the process of
making decisions and acting on them is the business of
management. A decision support system must contribute
something tangible to the decision-making process. It
must either enable the manager to make the decision more
efficiently, or enable the manager to make more effective
decisions.
Considering automation and the state of computing
technology today, it is common to see office automation
and computing support for all levels of management in
both private and government organisations. That technol
ogy cannot supply decision support to management in
isolation. The state of the technology is such that with the
purpose that a DSS implies it can bestow great benefits on
the user in terms of productivity and effectiveness.
Equally, without that purpose an ill-defined system will
bestow confusion, lack of direction, and worst of all it will
distract the manager from the complex decision processes
that it is supposed to support.
We iiow consider the type of automated system that is
commof ly referred to as a management information sys
tem (MIS). It is characterised by the use of internal data
which is often stored, manipulated and reported on using
relatiorial data base technology and is used to support the
decision-making process by transforming data into infor
mation (Levin et al, 1986). Management use is often res
tricted to reports that may be printed or reviewed on screen
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although access to the MIS using a structured query lan
guage (SQL) may be given to management in some cases.
However, unless the decision maker is a computer profes
sional or occupies the lower levels of management he is
unlikely to invest the time in learning enough SQL for this
to be useful. In fact he is unlikely to learn enough SQL for
the integrity of the MIS to be secure.
By their nature the development of an MIS tends to
require a long lead time. They require a large investment in
the analysis of the problem and of the data that will be
processed to provide the information.
4. MANAGEMENT LEVELS
The term user oriented decision support systems has become
popular in recent years, and this encourages us to ask why
the term is necessary, and to question the implementation
of DSS to date. Decisions are made by people, or the users
if you prefer, and DSS are designed to support those users.
The fact that we now see an emphasis on the term user
oriented implies that that component of decision support
systems may not have received sufficient attention in the
past.
Some of the work in the field categories decision mak
ers according to their place in the hierarchy, and according
to the types of decision-making that they engage in
(Jaques, 1976; Khadem and Lorber, 1986; Rockart and
DeLong, 1988). This has been discussed elsewhere
(Whymark, 1989), but a summary of some of the concepts
is presented here to help establish the place that EIS
occupy in the DSS spectrum.
The information needed to support decision makers at
opposite ends of the management hierarchy is fundamen
tally different. Thierauf (1987) (Figure 3.2) divides it into
control information and planning information. Lower man
agement will spend almost all of their time using control
information which tends to be centred on the internal
eivironmental factors. On the other hand, the information
required by top management will largely be planning
information that centres on the external environmental
factors. Government guidance on financial expenditure is
a good example of the latter in public administration.
' y Elsewhere, Thierauf (1988) (page 36) categorises the
decision maker according to the type of activity using a
similar model to that first described by Jaques (1976).
Figure 1 is a simplification of the model and is a useful
guide in identifying the type of DSS required. As described
previously (Whymark, 1989), lower management is con
cerned with operational control. Therefore' the type of
information required is often detailed and accurate, and is
sourced from within the organisation. The middle man
ager, according to this model, is concerned with organising
programs into systems of work and ensures that goals are
being met. The activity is referred to as management
control and is tactical in nature. Reports that support this
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Figure 1: Managers and Information Requirements.

type of activity need to be comprehensive and will include
some external information.
Senior executive managers are characterised by the
strategic nature of their decision-making, their long term
goal-seeking, and the higher level of abstraction in the
mental models they use in managing their corporate
affairs. In his planning and control framework, Anthony
(page 46, Thierauf (1987)) defines strategic planning as
the process of deciding on objectives of the organisation,
on changes in these objectives, on the resources used to
attain these objectives, and on the policies that are to
govern the acquisition, use, and disposition of these
resources. The sort of activities that the senior executive
engages in include planning the organisation, as opposed
to managing the organisation, setting financial policies,
and expanding or contracting the corporate responsibili
ties. This type of decision-making requires increasing lev
els of abstraction and is conducted using decreasing levels
of detailed information. The choice of information used to
base the decisions on is increasingly intuitive and less
systematic. This type of information is referred to as being
strategic in nature.
5. INFORMATION ANALYSIS
There are three key steps in an effective EIS. The first is the
development of an understanding of what is important and
is not a trivial step. The identification of critical success
factors (Khadem and Lorber, 1986; Martin, 1989; Thie
rauf, 1988), the consideration of current communication
patterns and the observation of current paper and informa
tion flow can all be used to advantage. In each case a
competent middle manager must work with the senior
executive to help determine the critical information set. In
EDIS this work is conducted by an information analyst.
The title is a true indicator of the work involved but it is not

necessarily related to analysis as understood by profes
sionals in the computing industry. The published expe
rience (Rockart and DeLong, 1988) indicates that the
process will be iterative and will continue to develop over a
period of time. Volatility and change are the expected
norm for an EIS, with requirements changing as the needs
of the organisation change, and also when the personnel in
the senior positions change.
The second step in the process is the definition of the
information model with the most common tool used in this
process being the financial modelling technique known as
multi-dimensional modelling. Master Modeller (from
Econsult, North Sydney) and System/W (from SPL, Syd
ney) are two of the software packages that are available
and can be used for this purpose.
It is imperative that the data used for these models is
sourced from the appropriate data provider. For many
reasons an EIS should be seen as a facilitator of informa
tion delivery only, and not as the owner of information, and
great care should be taken to ensure that the normal paths
for information flow within the organisation are not
by-passed.
The final step in the process is the delivery of the
information to the executive. This can be implemented by
using printed reports or by using a workstation capable of
colour graphics and utilising an executive-friendly inter
face. With the technology available today the workstation
can present the information model in an intuitive and easy
to use way that enables the user to review baseline infor
mation, to follow trends, to be presented with exception
reports and to relate performance to objectives. In addi
tion, the system should be capable of providing a transpar
ent link to other corporate systems and other types of
decision support facilities. EIS-EPIC (from Econsult) and
COMMANDER (from SPL) are two of the packages
available that support this type of interface. Navy’s EDIS
uses the EIS-EPIC and Master Modeller combination.
Information is data that has purpose and the informa
tion content of an EIS will depend on three major factors
— the function that the manager performs, the managerial
purpose for which the system is used, and the mental
model that the executive uses as part of the decision mak
ing process. To use EDIS as an example, the managerial
purposes in that system have been categorised by consider
ing four types of action that an executive may take. These
are:
• to test performance against targets,
• to seek to understand why a measure of performance is
changing,
• to discover actions that may be taken to correct a trend,
and
• to make a decision that will help to improve
performance.
The information analysis and continuing development
of the EIS is achieved by using established methods of data
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For each user or group of users
Consider the needs of the user (and the business problem)
Develop user Critical Success Factors (CSFs)
develop a network communication map
consider aims and objectives
examine current information usage
derive current data flow
identify current report usage
should they be replaced, augmented or not
Management objectives and performance indicators (PMB)
Other management imperatives
Post leave and handover check-list
Derive critical information needs (CINs)
What is it (entities, attributes, relationships)
What is it used for (data flow)
Who needs it
Sources and collection mechanisms
Determine critical information
Develop Report layout
Related to CINs
Related to CSF owner and purpose
Consider screen design guidelines
Depends on functionality of software in use
Build prototype information set
Build information set
Produce screen reports and layouts
Implement data collection procedures
Deliver to user, and repeat this process.
Figure 2. An outline of the Information Analysis Process.

and business analysis and systematic methods combined
with an awareness of the management problem being
solved. The process is summarised using structured Eng
lish in Figure 2. This process not only allows for the
ongoing evolution of the EIS, but at the same time assists
the user in developing his CSFs or key performance indica
tors, his business objectives, and possibly the need for other
management information systems and DSS.
6. IMPLEMENTATION
Space precludes a description of the full history and back
ground to the development of EDIS, and the remarks here
will be restricted to giving an outline bf the key elements in
the development of Navy’s EIS. A summary will be given
of the development process, the more important decision
criteria will be listed, and the prototypes investigated will
be described very briefly.
Originally recommended during a management review
of Navy Office, work began in January 1988 on investigat
ing the qoncept further with a mandate to make recom
mendations to CNS and his advisory committee (CNSAC).
In January 1989 a number of possible options were pres
ented to CNSAC with a firm recommendation to proceed.
The team was able to present the committee with a work
ing prototype which demonstrated the concept of an EIS
and how it would work, together with a cost/utility analy
sis for the different implementation strategies that were
available at that time (Cole and Whymark, 1989). The
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analysis was presented in a form that allowed the commit
tee members to see the value, or net gain, in choosing one
strategy over another, as well as the projected cost of each
strategy.
6.1 The Prototypes
A number of prototype systems were developed and tested
as part of the investigation. For one of the alternatives a
prototype was not possible with the available resources,
and in that instance the vendors demonstration package
was relied on for the evaluation. In all other cases the
prototype was built using Navy’s data, based on Navy’s
CSFs, and in most cases using Navy personnel to do the
development. The following is a list of the prototypes built.
• Dumb terminal delivery, presenting reports generated
using 4GL relational database system technology.
• HYPERCARD delivery using Apple’s Macintosh per
sonal computer, presenting information that was hier
archical and highly inter-related.
• Execucom’s EXECUTIVE EDGE (IFPS with Vantage
Point user interface).
• EPS PILOT, demonstration package only.
• EXPRESS (the prototype used the PC version).
• Comshare’s COMMANDER with System/W, using
standard reports imported into the package, presented
graphically and inter-related by using hot spots.
• Planning Science’s EIS-EPIC and MASTER
MODELLER, using highly-structured information sets
built using multi-dimensional modelling technology
and a mixture of graphical and text screen reports.
The performance of the prototypes and the experience
gained in building them demonstrated to the investigation
team that the software choice would drive the rest of the
system definition. Therefore it was decided to, select the
software first, if possible using one of the off-the-shelf
products, and reduce any software development require
ments to a minimum.
>
6.2 Criteria for Software Selection
The driving forces in software selection were:
• the distributed nature of information systems in
' ^Defence,
• the effectiveness of the delivery system, and
• the type of personnel likely to be available.
Added to these was the desire to deliver on time and to
keep the risk to a minimum.
The criteria used to select the software were divided
into the following categories:
• Support of a briefing book or review function off-line.
• Productivity of the delivery system.
• Modelling tools to support the information analysts.
• Productivity of the information systems management.
• Automated management of the information flow.
• Product confidence.
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• Compatibility with the organisations computing
environment.
• Resource implications.
• Cost.
• Intangible benefits.

6.3 System Description
After a lengthy investigation period the selection was
reduced to a shortlist of two, with the eventual winner
being EIS-EPIC which successfully met all selection crite
ria. It runs entirely on a PC environment, and each user
now has an IBM compatible 386 PC, able to operate in a
network environment, or in stand alone mode. For security
reasons, removable hard disks are used in all stand alone
machines and for out-of-hours access on the network
machines.
The service is operated by two information analysts,
both of whom are uniformed members of the RAN.
Neither is trained as a programmer although both have
tertiary qualifications and are computer-literate. A third
member of staff is responsible for configuration manage
ment of the software and hardware, and is also available to
conduct data modelling and data base development in
support of requirements defined by the information
analysts.
There was no pre-existing equipment, systems, or per
sonnel to build on, and hence everything had to be defined
and brought together as a working operation. This was
achieved in the latter half of 1989. The first user, acting as
a beta tester, took delivery in early December, the informa
tion analysts joined shortly after, and CNS took delivery in
April. EDIS is now an operational system, having lost its
project status on 29 June 1990.
6.4 Current Information Content
Figure 3 is a summary of the information available
through EDIS in early June 1990, and is copied from the
contents of help screens that were designed to aid the user.
For this reason some of the descriptions contain terms that
are not readily understood outside of the area for which
they were originally intended. Each information set is
characterised by its internal structure, and that structure is
derived from the mental model used by the senior execu
tive user of the system. EDIS uses multidimensional
modelling to capture that structure and make the presentaion more intuitive and easy to use.
This concept is illustrated in the next section where the
user interface is described by way of an example. It uses
the Naval Financial Information Set developed by the
information analysts specifically for Navy’s senior execu
tives. It also illustrates the executive friendliness of the EIS.
Unfortunately the description cannot demonstrate the ease
of use of the system, and is at best only an illustration.

NFIN — Naval Financial Information — gives details of Navy’s expendi
ture pattern by appropriation vote.
MPWR — Naval Manpower — provides details of Navy’s manpower
achievement against AAS (government guidance for authorised
manpower levels); also given are details on “critical categories”
and Navy’s recruiting achievements.
PDMR — Predicted Manpower Requirements — details Navy’s future
manpower requirements by activity.
SHFL — Manpower, Recruiting/Critical Category Shortfall — contains
recruiting achievements for the current financial year and the
shortfalls and current wastage rates for the RAN’s critical person
nel categories.;
BIDS — NAVPEC Bids — details NAVPEC Bids versus Government
guidance by appropriation vote and FYDP year.
MEET — CNSAC Meetings — outlines the schedule of CNSAC meet
ings and agenda items.
Figure 3. Information Sets developed for EDIS.

6.5 An Example of the User Interface in EDIS
The interface can be described as executive friendly
because of its ease of use and the total lack of requirement
for user training. This takes the user-interface one step
past being userfriendly, and allows it to meet the require
ments imposed by the lack of availability of senior execu
tives for any substantial training.
The user is shown how to use a PC Mouse or other
pointing device which is used to make selections, but the
underlying structure of the information model is built to
match the user’s mental model of the information. As an
example, we will assume that the user has decided to
review the financial information organised by vote appro
priation item.
The user selects the option by pointing to anywhere on
the associated icon and pressing the left hand button on the
mouse. The screen showing the financial performance for
the year to date and for a selected month, is then displayed
(Figure 4).
The performance for any month can be examined more
closely by pointing to the first letter of the month in the bar
below the year to date graph (coloured red in the actual
display) and pressing the select button on the mouse. This
can be repeated any number of times to inspect perfor
mance more closely in any month of the year. Buttons or
icons that are used for this type of drilldown navigation are
referred to as hot spots. All hot spots are coloured bright
red for consistency and a corresponding increase in the
ease of use.
The title of the vote appropriation item being reported
on is shown in the hot spot at the top of the screen. To
review a different appropriation vote the user points to that
box and clicks the mouse, and a menu based on the vote
appropriation structure is displayed. The software (EISEPIC) provides the menu based on the structured the
information being presented. This is a distinct advantage
as it reflects and indeed enhances, the mental model of the
organisation used by the executive user of the system. To
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Figure 5. Matrix presentation — View created by “slicing” the information cube.

the user of this information the structure is selfexplanatory, and the next choice is selected easily. This
concept has been tested on non-computer-literate users
and found to work well. Drill down to more particular
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reports is obtained by clicking on the other hot spots on this
screen.
As an alternative approach, the information displayed
in these graphs can also be viewed in a matrix format
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which may be preferred for some information sets. In
Figure 5 the user has chosen to look at the variation
between expenditure and phasing (the planned expendi
ture) for three vote appropriation items. As in the previous
screens, other variables can be reviewed by pointing to the
current selection, clicking the mouse, and then choosing
the new variable from the selection menu that is presented.
The matrix can be turned (columns and rows reversed)
just as easily, and the financial variables can be inter
changed with the current rows or the current columns if
desired. Simple data manipulation and alternative graphi
cal displays can also be produced by the executive user.
The user effectively creates his own view of the informa
tion without the need for extensive pre-formatted reports
prepared for every possibility and presented with complex
menu structures. This makes the whole operation very
quick and intuitively simple — much simpler than it
sounds when described in words. When the executive
creates his own view in this way it is sometimes referred to
as slicing the information cube.
Other services are incorporated with ease using EIS
software. For example, the front screen of the information
set can contain icons that link to office automation soft
ware, communications to a host computer, or give access
to other specialised services. These links can also be
placed at the lower levels in any information set if it is
relevant to the content at that level. In the experience of
EDIS to date, this type of facility is best placed at the entry
level.
In conclusion, all actions required of the user are just as
simple. The information content is purposeful and the
system is very effective. Combined, these two qualities
help to make the EDIS service user-oriented and executive-«
friendly.

resources, both financial and human, were available and
the Admirals now have access to an EIS that has been
readily accepted and is used on a regular basis. A major
reason for the ready acceptance is the executive-friendly
interface, a term that was coined to describe the interface
that can be used by any senior executive who is familiar
with his own organisation (Whymark, 1989). The second
reason for the immediate acceptance, and the main reason
for the immediate use, is the relevance of the information
content of the system. These are two important aspects of
any DSS, but are particularly relevant in an executive
information system. Like any other DSS, an EIS must be
user-oriented and recognise the skills and the needs of the
potential users.
There is a political component that is vital to consider
when implementing an EIS. Care needs to be taken to
ensure that the rights of the data provider are considered,
and that the normal administrative chain that information
flows through is not disrupted without due cause. There
are two good reasons for this statement. Firstly, the EIS
information analyst needs the cooperation of the data
provider. It is wise to ensure that this person continues to
own the data, and that they release the data each time it is
collected for the EIS. Thus, they retain formal and practi
cal ownership. Secondly, the EIS staff have neither the
time nor the resources to support ownership of the data. It
is more effective to concentrate on the facilitation and
delivery aspects, relying on the traditional owner of the
data to provide accuracy, appropriate level of aggregation,
and to support further enquiries from users. These systems
have the potential to radically change the way an executive
does business, and a little care in the implementation stage
will ensure that unfounded concerns do not build resist
ance within the organisation.

7. KEYS TO A SUCCESSFUL EIS
Rockart and DeLong (1988) make it very clear that the
major key to success is the commitment of senior man
agement to the concept of an EIS. There are three ingre
dients to this statement that deserve to be emphasised.
• An EIS is a concept that has arisen from research
conducted by business and administration analysts, and
it has been presented here as an example of a user' oriented DSS. Senior management must understand this
concept in terms of what it achieves for the business or
organisation, and not think of it in terms of information
technology.
• Secondly, there must be a senior executive who is acting
as the corporate sponsor, and who is actively interested
in the outcome of the project.
• Thirdly, there must be a commitment to the concept.
If this high-level sponsorship and commitment is not
available, or the project is not seen as a management
solution, then it has little chance of succeeding. The Navy’s
project EDIS had these vital ingredients. As a result the

8. RESEARCH OPPORTUNITIES
The implementation of EIS is currently a growth industry.
Their very nature makes them a vital addition to any large
organisation, with the major effort being directed towards
the derivation of information requirements. With the pace
of technology, and the scarcity of good people, there will
always be a need for good quality software and systems for
projects like EDIS to select from. In an implementation
like EDIS the project manager wants to reduce his risk,
deliver on time, minimise costs, and deliver a system that
will continue to perform. Therefore, there is ample oppor
tunity for researchers to investigate the different technolo
gies available, and to develop prototypes and systems that
are proven and tested. There is a need for basic research
into topics such as data modelling technologies (multi
dimensional versus relational), interface standards f(icon
standards, size, shape, WIMP versus other approaches),
and the use of different platforms (IBM PC, Macintosh, or
X Windows). Even with specialist EIS packages such as
EPIC and Commander there is ample opportunity for the
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development of templates for different industries or
market groupings. These would be particularly valuable if
the templates were based on well-researched critical suc
cess factors or performance indicators.
9. CONCLUSION
In conclusion, an EIS will place information critical to
management at the fingertips of the senior executive in a
large organisation. Navy’s EDIS project has given the
Admirals an executive friendly interface that requires no
training, no keyboard skills, and is intuitive and easy to use
for non-computer literate users. Like any true EIS, it has
the potential to make planning, evaluation and monitoring
functions of senior management more effective, and will
facilitate the provision of other executive support
functions.
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The following review appeared in the last issue of the Journal,
where, owing to an editing error a section of the review was inad
vertently omitted. The review is now reprinted in full. The Associ
ate Editor apologises to Dr. Tse and readers for this error.

«— Editor: Dr Chris Andrews mm
all practitioners who have a fair amount of exposure to SSADM or
other structured methods and who would like to increase the
breadth or depth of their own experience.
T.H. Tse
University of Hong Kong

Dr. Chris. Andrews
Associate Editor for Book Reviews

HARES, J.S.(1990): SSADM for the Advanced Practitioner, Wiley,
Chichester, U.K., xvii 289pp., Stg. 21.00 (hardback).
This is an excellent book written for experienced practitioners of
SSADM. It is also useful in general to software engineers who are
experienced in other structured methodologies. It assesses the vari
ous features of SSADM, compares it with other approaches, and
proposes enhancements and alternative uses of the method in areas
where it was not originally designed.
The book is divided into five chapters. A review of the evolution
of structured methodologies is presented in Chapter 1. The
strengths and weaknesses of SSADM are discussed in Chapter 2.
Chapter 3 presents readers with a bag of ‘pearls of wisdom’, or use
ful advice on how to handle SSADM in various practical situations.
In Chapters 4 and 5, extensions of SSADM are suggested in real
time systems, distributed systems, conversational systems, expert
systems and object oriented design.
The first four chapters are very useful, and illustrate the author’s
sound practical experience on which the recommendations are
based. The points covered reinforce the feelings shared by many
practitioners who are not totally satisfied with the current version
of SSADM, and provide insight into the potential enhancements of
the method. Although the pearls of wisdom may be a little contr
oversial in places, they nevertheless give food for thought. The
book on the whole is interesting and more than readable. It appears
to be the only book on the assessment of SSADM, as against an
introductory text or a manual.
There are, however, a few drawbacks:
1. There are points in the book which are erroneous or at
best debatable, such as the suggestions that Yourdon
and Jackson’s methods were developed specifically for
realtime systems (pp. 15, 17 and 189), that the sequence
of processes in SSADM data flow diagrams do not re
flect their relationship in time (p. 35), and that an ob
ject oriented system is simply ‘an expert system without
a knowledge inference mechanism’ (page 221). The pre
sentation of object orientation as logic normalization
(pp. 285-289) can also be misleading.
2. The final and longest chapter, covering expert systems and
OOD, is based more on text book material than on
practical experience. Furthermore, only HOOD was
mentioned as an example of an OOD method, but not
the work of many others such as Booch, Seidewitz,
Wasserman and Yourdon.
3. No bibliography is provided in the book. Readers who
would like to take the advice of the author and venture
into expert systems, for example, will not know where
to read further.
,
’ 4. The title of the book tnay suggest that its main objective
is to present the advanced features, of SSADM, rather
than to provide an assessment of the method. Perhaps a
subtitle is suggested in its second edition.
5. The subsection headings (down to the fourth level) look
uncomfortably similar in many places. It would be use
ful if the major section 'heading could be printed at the
top of every right hand page. In this way, the reader
can easily distinguish those pages that cover the strong
points of SSADM from those that cover the
weaknesses. He can find out at a glance whether we are
discussing realtime, distributed or conversational sys
tems, so that he does not have to flip-flop between the
table of contents and the main text.
In spite of the shortcomings, this book is strongly recommended to

DALLAS I.N., SPRATT E.B. (eds.)(1988): Issues in LAN manage
ment (Proceedings of the IFIP TC6 WG6.4A Workshop,
West Berlin), North Holland, 250pp., SUS63.25.
This book contains the proceedings of an international workshop
aimed at providing
an in-depth forum for developers and researchers in the field
of Local Area Network Management.
The treatment is essentially conceptual and descriptive rather than
symbolic and mathematical. The scope of the 15 papers is wide,
covering many aspects of the 5 functional areas defined by the ISO
classification of management: performance management, configura
tion management, fault management, accounting management and
security management.
Readers seeking an introduction to LAN management will find a
considerable amount of tutorial material in the earlier parts of the
book and a useful collection of key references. As is typical of a
workshop the papers report on work at different stages of develop
ment, from early research outlines to fully developed models. Spe
cialists in this area will be interested in the summaries of a number
of collaborative projects (ESPRIT, COST II ter, MANDIS and
ADMIRAL).
I was particularly interested in the paper by M. Sloman on ‘Dis
tributed Systems Management’. Apart from having excellent tutori
al content, the discussion of service modelling for distributed pro
cessing raises issues relevant to future advanced/intelligent
telecommunication networks. As I read this paper I found myself
instinctively beginning to formulate generic service models for such
networks. Another issue that has significant coverage in the collec
tion of papers is that of network interconnection. For example, a
simple algorithm is proposed for bandwidth allocation in intercon
nected networks, limitations of the OSI model for the internet envi
ronment are identified and problems associated with interconnecting
heterogeneous networks are discussed.
In the intervening few years since this workshop no doubt some
of the material in the book will have lost its lustre as new ideas have
evolved, nevertheles it must be considered a significant land (LAN?)
mark offering benefits to most readers.
Les Berry
Centre for Telecommunication Network Research, Bond University
SIMPSON, A.(1991): The WordPerfect 5.1 Cookbook, Sybex, Sup
plied by Law Book Australia, 457pp., $59.95 (softcover).
I approached this book with a deal of anticipation. You see, I have
always been a devotee of the scientific wordprocessor T3, and 1
could not understand all the devotion to all the other wordprocessors around. I felt I could do absolutely everything in T3 and once
used to its slightly quirky dialogue style, I saw it as a very powerful
wordprocessor for just about everything. Just needed perserverance
to get on the same wavelength. Nonetheless I was aware of tremen
dous loyalty to WordPerfect, and indeed there were those who
swore by it - and occasionally at it. So when the opportunity came
to acquire WordPerfect I did so perhaps a little reluctantly, but
with the rationalisation that at least I would be compatible with
some of the rest of the world. For the cynical, my copy did not, in
fact, fall of the back of the proverbial truck! And anyway, the pur
veyors of T3 were under so much similar pressure that they pro
duced a converion program to convert documents between the two
systems. The upshot - I was dragged slightly kicking and quietly
screaming to WordPerfect, but with the feeling I had noting to
lose.
There is an old adage in computing, first centring around pro
gramming languages and the choice of which to use for a given
application. I am sure that it is equally applicable to applications
programs. Loosely translated it goes something like
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if there are two equally good choices of programming lan
guages in which to program a given problem, then all other
things being equal, one will choose the language one learnt
first
Although these days I tend to negate this by programming in C
rather than FORTRAN - yes, I am that old - the same, I am sure,
applies to wordprocessors. But having drawn the parallel, I think I
am currently negating that as well. For quick and dirty wordpro
cessing, WordPerfect is much quicker and easier. It has some fea
tures which are even superior, e.g. its tables capacity, and its
referencing capacities. It is useful also to the extent that large num
bers of soft fonts are available for it, and seem to be easy to integ
rate. T3 is weak in the font area, though will always be superior in
my book for scientific work, graphics, complex page layouts, and
coming closer to desktop publishing.
All the foregoing is a certain prejudice on my part, but explains
how I come to use a book such as this. When one learns a new
language or applications package, it is so much easier to have a gu
ru on hand of whom to ask a hundred inane questions. I had hoped
this book might substitute for such an one. Especially after reading
the cover accolades, e.g. ‘....Full of new insights and
instructions....’ .... ‘....Simpson’s flawless writing technique and
thorough appreciation....’..... '.... a smashing success.... ’. Well, it’s
not quite in this category but is still a useful book, and provided
me with useful, ‘This is how someone else does what I want to do’
insights. And most of ‘what I want to do’ is there somewhere.
Simpson provides skeletons of many different applications for the
user to adopt. He divides them into the following groups.
— Basic Business Documents
— Basic Legal Documents
— Basic Academic Documents
— Miscellaneous Documents and Styles
— Automatic Referencing
— The Power of Tables
— Perfect Merges
— Fonts and Graphics
— Special Effects
— Styles
— Macros
There is a disk included - thank heavens it is not one of those ‘send
us $40 and we’ll send you a copy’ - right in the book with all his
‘recipes’ on it.
Which brings me to the use of the book. I must admit I did not
use his particular recipes very often. They are probably a little too
individual for me. However readers will (and are indeed encouraged
to) take them and adapt them for their own applications. A sort of
library of shell documents and styles. And it should be easy for
readers to do this. My main use was to read and look at the ap
proach used, then to adapt the technique rather than the ‘code’ to
my purpose. This requires reading with a little inlfght, but Simpson
notes at the outset that the book is not for §he rank begirijfer.
So for these two purposes this is indeed a useful resource book.
The style is easy to read 2nd follow - ‘flawless’ is going a touch far!
The example recipes are well set out and with a little knowledge are
quite able to be followed. Adapt them if you wish, or use Simpson
as your guru. You will find this a useful book, and at $59.95 (in
cluding disk) it is on a par with most of its ilk.
Chris. Andrews
The Wesley Hospital, Brisbane
BERLIOU^, P-, and BIZARD, P., (translated by Howlett,
J.)fl990): Algorithms 2: Data Structures and Search Algor
ithms, J. Wiley and Sons, Chichester, 164pp., unstated
price (paperback).
As the title suggests, this book is a sequel to a previous publication.
As the names also suggest, it is translated from the original French.
The previous book was Algorithms: The Construction, Proof, and
Analysis of Programs (Wiley, 1986). Algorithms 2 is based on a
course given to students for the Master’s Degree in computer sci
ence at the university in Grenoble and to students at the Ecole Na120 THE AUSTRALIAN COMPUTER JOURNAL, VOL. 23, No. 3, AUGUST 1991

tionale Superieure d’lnformatique et de Mathematiques Appliquees
(ENSIMAG), also at Grenoble.
This reviewer comes from a humanities rather than a mathemat
ics background, and I must confess that I found the book fairly
daunting. It may be naive of me to even state this, but I suspect
that the French approach to Information Sciences is more intensely
Mathematical than is common in this country. Either that, or my
lecturers at the University of Canberra were easing us in gently.
Certainly it is a level of mathematical complexity which I have not
encountered at the humble Graduate Diploma level.
The first part of the book is a study of standard data structures.
Chapter two deals with structures of sequential type (mostly stack
and queue). Chapter three deals with data structures of set type,
and the operations acting on finite sets of objects. The main struc
tures are dictionaries, and these include arrays, trees and hashed ad
dresses. Chapter four concerns priority queues and their operation.
The second part of the book deals with algorithms for finding
paths through graphs, using the structures studied in the first part.
The terminology of Artificial Intelligence (AI) is used. Algorithms
such as depth first (stack), breadth first (queue) and heuristic search
(priority queue), are covered. Chapter seven deals with the situation
in which weights are associated with the edges of the graph and
considers methods for finding minimum-weight (or minimum-cost)
paths.
Examples of programs are given in PASCAL, although the au
thors have borrowed from ALGOL-W the ideas of block, syntax of
declarations, and syntax of expressions that involve pointers and
records. There is no index, though the book is well set out and spe
cific topics are easily accessed. The language is clear, but terse.
There are few references to practical applications: the interest is in
the problem divorced from the situations in which it might arise.
A quick summary of the text is: useful reference, but be cautious
in advocating it as a guide or student text. Although a clear transla
tion, this is a book written originally for a specific set of students
in another language, and with perhaps a heavier emphasis on math
ematical notation than is common here. If your course structure
covers the prerequisite mathematical concepts, then you may well
wish to use this text with students.
Michael Dupe
Canberra, A.C.T.
KRISHNAMURTHY, E.V.(1989): Parallel Processing, Internation
al Computer Science Series, Addison Wesley, 332pp., un
stated price.
,

-

i

This is a very peculiar book supposed to bp a university text for
final year undergraduate or first year postgraduate students. The
faiUSg of this book is that it attempts to cover far'too much
grctind. The end result is the lack, of focus and theme. In general
the author has a very wide knowledge on many different aspects of
the topic and the material is technically sound. There are many suit
able exercise and references. It attempts to cover the very wide field
of parallel programming which spread from concurrent program
ming, formal models, implementations, to architecture, as well as
to applications. The unfortunate thing is that it even tries to convey
alLthe popular models and methodologies in each sub-topic. It is
hard to conceive how one can use this book for a high-level course
apart from a rather superficial coverage of the whole field. How
ever, this book may be a reasonable reference for students or
practicing professionals. Its wide spread of topics and relatively
good list of references would qualify it in the class of an encyclo
paedia.
To substantiate my view and as an illustration oLmy points, I
would like to analyse one of the chapters. Chapter 3 is the chapter
entitled ‘Parallel Processes - Models’. It begins with about 4 pages
introducing first order predicate logic. I cannot find any reference
to the application of this logic anywhere else. This is then followed
by about 6 pages of finite state automata with no justification why
it is inside a parallel programming book. It goes even further to
introduce the functional model including some recursive function
theory, lambda calculus, fixed point theory, Church-Rosser proper
ties and Curry forms. The reader is totally puzzled as to why this
material is in this text. It is then followed by some more relevant
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material such as Petri nets, CCS, CSP, data flow and systolic mod
els. Although all these materials are sound and well presented, this
spread of attention makes it difficult for a student to comprehend
fully the significance of each one of these methodologies.
In conclusion, I would find it hard to use this book as a text
book for a course. The main reasons are the lack of focus, the lack
of continuity and the difficulty of designing laboratory work to be
a companion for this text. On the other hand, it would be unfair
not to acknowledge the encyclopaedic nature, the good references,
and the technical soundness of the book. This book may also be a
good reference book for M.Sc. students or research students in oth
er fields who wish to know something about parallel programming.
C.P. Tsang
University of Western Australia
MARTIN, J.H.(1990): A Computational Model of Metaphor Inter
pretation, Academic Press, 229pp., $34.95 (hardcover).
This book presents a computational model for metaphor interpreta
tion in a natural language system. The book is based on the
author’s PhD thesis and unfortunately reads as such. Overall, I
found it difficult to read - especially the early chapters where edito
rial content appears to be almost totally lacking. For example, the
author helpfully identifies each example with a unique number.
However, when describing the examples in the text, he appears to
use different numbers, a fact that makes it almost impossible to fol
low the examples as the narrative proceeds. To complicate matters
further there appears to be no rhyme or reason to the numbering
system used. In later chapters this is sorted out, but I found that by
that time I was already turned off. In addition, the computer lan
guage used to demonstrate the examples was not described until a
later stage of the book. This was another fact that made the exam
ples almost meaningless in the early chapters and would most
assuredly alienate any reader.
The text begins by introducing metaphors and metaphoric knowl
edge, showing how other approaches have been tried and been
found wanting in specific areas. This description is, I believe, a use
ful introduction to this important area in natural language represen
tation and understanding, whilst recalling the above comments re
garding editorial style.
We are then treated to a description of the KODIAK, a system
adopted by the author to represent various metaphors and to show
how new metaphors can be understood based on metaphor maps.
Metaphor maps provide details of metaphor hierarchies enabling a,
meaning to be applied to metaphors. The metaphor maps reminded
me of the work in semantic networks, but this apparently has not
come to the attention of the author. The overall understanding of
the area would be improved by a more detailed description of the
metaphor map concept with better examples. As I read the
descriptions of the metaphor maps, I was also struck by their simi
larity with Sowa’s conceptual structures (Sowa 1984), and I must
admit I was puzzled by the author’s lack of citations to this impor
tant work. The author’s thesis would be enhanced further by a
more detailed literature survey and review, possibly crossing into
other disciplines or research areas for related work.
After completing the description of the KODIAK system, the au
thor introduces what I presume must be the core of the thesis,
namely the system for understanding metaphors in simple sentences.
This system handles the three cases of mapping onto a known meta
phor, mapping an unknown metaphor onto a known metaphor, and
learning a previously unknown metaphor. Each of these three
scenarios is described in detail with the use of simple examples. The
descriptions show the critical central nature of the metaphor map
and how it is used in each of the three cases.
The description in each case describes the algorithm used to navi
gate the metaphor map extracting candidate metaphors, and the
subsequent processing of candidates to understand the current me
taphor. These algorithms appear quite complex but the description
provided leaves one with more questions than answers. This was in
my view due in a great part of the less than useful description of the
metaphor map concept, as stated previously. I found the examples
provided very difficult to follow and the method of annotating
them made it difficult for me to determine what was annotation

and what was the continuation of the text.
The author concludes the book by revisiting other work examined
earlier and shows how examples represented in these schemes can be
represented and understood in this system. This is essentially a good
approach as it places this work in context with related work, and at
least shows that the core concepts are well founded.
Overall, I found the book disappointing, after initial interest. I
believe that it is really only of interest to the practitioner in meta
phor representation and understanding, leaving out a large part of
the natural language and knowledge acquisition and representation
community. I believe that this book shows that ‘a PhD thesis does
not a good book make’ without substantial changes and editorial
input. Still I am sure that the experienced researcher in this field
may find the book of value, but the more general community
would not. Would I buy it? Not now I have read it. Is it worth its
value? Possibly to the practitioner.
References.
Sowa J.F. (1984): Conceptual Structures Information Processing in
Mind and Machine, The Systems Programming Series, Addison-Wesley Publishing Company.
Bob Jansen
CSIRO, Division of Information Technology.
GOEL, N.S., and THOMPSON, R.L.(1988): Computer Simula
tions of Self Organization in Biological Systems, Croom
Helm, 353pp., $163.95 (hb).
Life (and everything) can be studied at many different levels of de
tail: eg. quantum physics, chemistry, biochemistry, molecular biolo
gy, biology, ecology. This book is concerned with self-organisation
over the range biochemistry to biology with some physics; that is
quite a range.
Part one discusses general factors in the modelling and computer
simulation of biological systems. The computing bits make light
reading for those who work with computers and are notable for the
conclusion that any language is acceptable if it is FORTRAN - that
is the way things are in ‘real’ science. There is a puzzling emphasis
on micro-computers as though the world’s laboratories will soon be
doing simulations on pc’s and Apple’s when most of them can keep
a Cray quite busy.
It becomes apparent that a major aim is to promote computer
models based on Movable Finite Automata (MFA). Roughly, an
MFA is to a biological unit as a ‘neuron’ in a neural-net is to a real
neuron - ie. grossly simplified. If you believe that such abstraction
does not lose too much then you may accept it. The MFA simula
tions that are presented in part two give good results but the reader
is left with little idea if these are natural outcomes or the conse
quence of much hand-tweaking. Do they work for the right rea
sons: are they good theories? There is little information on
alternative methods of simulation.
Part two contains the application!; it seems to be a collection of
projects that the authors have worked on over the years. Specifical
ly we have:
—
—
—
—

folding of globular proteins,
formation of protein quaternary structures,
bacteriophage assembly and function,
aggregations of cells into tissue and embryonic develop
ment,
— protein biosynthesis,
— evolution of the trilobite eye, and,
— computer models and evolution of macromolecular ma
chinery.

Most of these areas are the subject of major international research
efforts. For each one, some biological background is given *and a
simulation of some aspect of the system by MFAs is described. This
is fair enough as no one book could treat all of these problems in
depth. MFAs are promoted although the reader will also note some
simulated annealing (protein folding) and ‘genetic’ algorithms
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(trilobite eye).
Part three contains a chapter on information-theory and self-or
ganization. It is philosophical, speculative and interesting but dis
connected from parts one and two.
In summary - good in parts. The book attacks deep and impor
tant problems of biological systems. It does not solve them
definitively, but then nobody has yet. It is one for the specialist,
particularly at $164. It is more for the biologist interested in (one
style of) computer modelling than for the computer-scientist in
terested in biological systems. It does not contain enough material
on alternative methods to be the good general survey that the title
leads one to expect.
Lloyd Allison
Monash University

NIELSEN, JAKOB(1990): Hypertext and Hypermedia, Academic
Press, San Diego (United Kingdom Edition published by
Academic Press, London), 263pp., $US 29.95 (hardback).
The words hypertext and hypermedia are currently two of the com
puter industry’s buzziest. Jakob Nielsen’s book Hypertext and Hy
permedia precisely defines these two terms and provides an interest
ing and up-to-date study of them.
The book details the history of hypertext from its Da Vinci-esque
grandfather figure, Vannevar Bush, through to its current
implementations in the worlds of MS-DOS, Macintosh and UNIX.
Nielsen, Assistant Professor of user interface design at the
Technical University of Denmark, details many examples of existing
hypertext/media applications. These include hypertext/media’s use:
— as an on-line user documentation medium
— as a tool for the software engineering, auditing and pre
sentation processes
— for other intellectual, educational and entertainment/lei
sure activities.
In line with the computer industry’s current emphasis on open sys
tems, Nielsen provides a theoretical hypertext/media model. This
internal structure supports the following levels:
— user interface (presentation level)
— nodes/links (abstract machine level)
— storage/shared data/network access (database level).
The model’s aim is to allow hypertext/media systems of the future
to seamlessly interchange data of the following types:
—
—
—
—

text
graphics
video
sound.

Apart from its historical, educational and practical subject matter
the book also provides extensive information in its end matter. This
consists of two appendices and an index.
The first appendix details many hypertext products and their ven
dors. It also includes contact details for these vendors, including
telephone and fax numbers as well as mail and electronic mail ad
dresses. The second appendix consists of a forty nine page annotat
ed bibliography. Apart from an extensive listing of books and aca
demic papers, this bibliography contains additional information
under the following headings:
—
—
—
—
—
—

Other Bibliographies
Surveys
Conferences
Vi^o Tapes
Classics
Far Out Stuff.

The second appendix, like the first, also lists phone and fax num
bers as well as mail and e-mail addresses. Both appendices will help
readers to locate hard-to-find hypertext/media resources. Similarly,
they will help readers to contact the world’s curre nt hypertext lead
ers.
I found Jakob Nielsen’s Hypertext and Hypermedia informative
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and easy-to-read. The book is brightly written by an articulate and
inspirational advocate of the virtues of hypertext and hypermedia. I
believe it is worth buying for its end matter alone.
Andrew Baker
NEC Information Systems Aust., Brisbane.
HEXT, J.(1990): Programming Structures. Volume I - Machines
and Programs, Prentice Hall, New York, 399pp., $32.95.
Just where does this book fit in? The book ventures far and wide
and covers many topics which range from number systems to pro
gram structures, data structures, structured programming and ma
chine architecture. The bulk of the subject matter is treated at the
level required for tertiary computer science courses. A smaller num
ber of topics covered at shallower depth would suggest that the
book is suitable as a reference during the first two semesters of a
computer science course.
Volume 1 is an incomplete introduction to computer science and,
no doubt, additional volumes will expand on some of the more
lightly covered subjects. The first four chapters introduce sets, bit
patterns, number systems and scalar types. Chapter 5 on machine
architecture mentions memory and addressing methods, registers,
interrupts (one page), virtual memory (two pages) and input/output
operations (four pages). Stacks are covered as part of machine ar
chitecture and in conjunction with arrays and heaps (which are
mentioned later). These form the only three data structures given in
this book. The five chapters mentioned so far cover topics which
are also delivered in TAFE/CAE institutions and are presented at
roughly the same depth.
Chapter 6 (Sequences, Languages and Grammars), chapter 10
(Objects and Processes), chapter 11 (Parallel Processes) and chapter
12 (Run-Time Structures) form the bulk of the topics usually re
served for computer science courses. This material is pitched at
first-year undergraduates in computer science. Chapter 10 presents
the topical information of object-oriented programming and four
pages cover the concepts of classes, hierarchies and inheritance.
Most topics in chapter 7 (Straightline Programs), chapter 8 (Se
quential Control Structures) and chapter 9 (Procedures and Func
tions) once again contain a lot of material which is not exclusively
part of a computer science course and is also read at TAFE/CAE
institutions.
Programming examples are presented via a Pascal-like pseudo
code with highlighted keywords. Each of the twelve chapters ends
with exercises and pointers to further reading. The book ends with
an appendix, a bibliography and an index. The appendix contains
further reading on programming languages^
< t
The bulk of the book is concerned with? elements of languages
and^Jhat part is covered reasonably deeply. This book can therefore
aljp be recommended as an addition to the reference library of any
IfKturer concerned with the formal teaching of computer languages.
Dominic Wild
)
Perth Technical College
JAGANNATHAN, V., DODHIAWALA, R., BAUM, L.S.
(ed.)(19§9): Blackboard Architectures and Applications,
„,
Academic Press, San Diego, 524pp., SUS39.95 (hardcover).
This is one of those regularly occurring texts which are a collection
of individual papers from various conferences and workshops.
Blackboards are an important architectural concept in AI which
originated with the speech understanding Hearsay-II system in the
early 1970s. The blackboard model concerns cooperating knowledge
sources applied to a complex problem solving task, i'rj,, which knowl
edge is usually organised into hierarchical levels of abstraction.
There are twenty one papers in the text, divided evenly into five
sections categorised as: Organisation and Control, Concurrency and
Parallelism, Real-Time Systems, Development Environments, and
Applications.
The fundamental issue is control. Three of the four papers in this
section are based on BB1, which was one of the first attempts at a
uniform blackboard control mechanism. Several types of control
(data-directed, goal-directed, etc) are identified in the introduction
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by Hayes-Roth (from Stanford, and the most influential figure in
the field and in the content of this book), and other important pa
pers are listed. The paper by Lesser et al explores goal relation
ships, and that by Garvey and Hayes-Roth does some comparison
of control architectures.
The cooperative and opportunistic nature of blackboard systems
makes for the possibility of concurrency and distribution. The pa
pers on this topic are concerned with the computational gains which
can be made. The most substantial paper is by Corkhill (from
University of Massachussetts, which is the other major University
group working in the area). This paper presents a taxonomy of ar
chitectures for parallel and distributed blackboards and discusses
them in the context of GBB, a generic blackboard development sys
tem.
Real time applications call for reasoning at the control level to
effect real time response, by goal management, predicting response
time and bounded resource management. A concurrent communica
tion process for blackboard interaction in the context of BB1 is the
subject of one paper. A paper by Lesser et al explores the use of
various approximations as a means of timeliness.
In providing blackboard shells other issues arise as well. These
concern flexible control, knowledge representation and support, the
associated blackboard database, and application tools. The systems
described in the four papers are ATOME (CRIN/INRIA),
GBB(University of Massachussetts), Erasmus (Boeing) and GEST
(Georgia Institute of Technology). Each of these papers provides in
sight into the architecture of blackboard systems.
The section on applications includes diagnostic reasoning (cir
cuits), diagnosis and maintenance of digital switching, load manage
ment (electricity network), control for intelligent tutoring systems,
and cockpit information management. Two of the applications have
implementation bases discussed in the text.
The papers are better integrated than in many other books of this
type. Each of the five sections has a foreword of five to ten pages
on its topic and there is an overall introduction. The references of
all the papers are collected at the end of the book (perhaps at the
end of each section would have been better), and there is an index.
The papers are circa 1988-89 and hence represent research of at
least five years ago. The book is not to be regarded as a text on the
subject, but would be appropriate to a graduate computer science
course or for anyone involved in the application of Al to complex
problem solving.
John Smith
CSIRO Division of Information Technology

SCHAFF, S. (ed.)(1990): Legal and Economic Aspects of Telecom
munications, North-Holland Press, Amsterdam, 775pp.,
unstated price.

— Policy trends
—Standards
— Services
— Value added services
— Synthesis of telecommunications and services
As you would have realised from the above summary, this is a
book which is focussed primarily upon the European scene and it is
natural to ask whether this has any relevance to Australia or other
sections of the world community at large. In fact, as we know,
Australia is moving into a new communications environment with
proposals to merge Telecom and OTC and to permit additional car
riers into the market place. This process is extremely complex and
has a veritable minefield of sensitive issues which need to be consid
ered. In my view, the topic headings given above form a useful
framework in themselves in which to consider the problems to be
faced by Australia in the coming years, and in a number of cases
they raise issues which should be considered by our ‘pollies’ in Can
berra!
I was particularly interested in the papers dealing with value add
ed network services where contraversial issues such as Electronic
Funds Transfer, the intellectual property rights of protocols and da
ta bases, and privacy were discussed. Other sections which aroused
my interest included the use of networks for research and the gener
al needs of the education sector. The section describing the differ
ent types of telecommunication technology was a good attempt at
presenting an overall picture but, unfortunately, this area is so vast
that it is easy to overlook technologies which could be significant in
future scenarios.
The book is primarily a reference book and not a textbook,
although there are elements of textbook material in the descriptions
of the networks and network services being discussed. However,
given the rapidity with which the telecommunications market is ex
panding and the rate of technical progress being made with commu
nications network hardware, software and services this book will
probably age quite rapidly due to these factors alone! To illustrate
this point, there was almost no mention in the papers of the Intelli
gent Network concept and the ability of this facility to provide cus
tom services to users and network administrations. The book is also
difficult to read in places if your native tongue is not French! A
number of papers which have been included are by Belgian or
French speaking contributors and no translations are provided. (If
you don’t speak French then I suggest you look at the pictures, the
message is generally clear enough!)
The book is probably best located in libraries where its use as a
reference text would be clearly defined, it is not a book that I
would rush out to buy for personal use, given the pace of political
and technological change. I believe that the target audience for the
book would be at the management level in the communications in
dustry, legal people with an understanding of the technology and its
implications to policy, and computer scientists seeing the merging
of computing, telecommunications and information sciences. From
an Australian perspective it is not always possible to appreciate the
issues discussed in the papers since the European environment is
different from our own. The common ground is the global nature
of the telecommunications explosion and the fact that the legal and
economic aspects are having a very profound impact in all nations
of the world.

The motivation for this book was a Green Paper by the Commis
sion of the European Community in the area of Telecommunica
tions services. The Green Paper was intended to stimulate discus
sion within the European community on the directions for their
future telecommunications services. The International Chair of
Computer Science, organised by the Belgian National Fund for Sci
entific Research in conjunction with academic institutions in Belgi
um began a series of conferences which covered the legal and eco
nomic aspects of telecommunications as they impacted upon the
new European environment. This book summarises the debate
which ensued on these aspects over the period December 1988 to
March 1989.
The book is quite long and consists of 61 papers grouped into 9
major areas and within, each major area a number of sub-streams
have been, identified. The principal areas which were highlighted
were:

SU, B. and LIU, D.(1989): Computational Geometry - Curve and
Surface Modelling, Academic Press, San Diego, 295pp.,
$39.95.

— User needs (Education Sector, Banking and Insurance
Sector, Industrial Sector, Public Services)
— Telecommunication technology
— Partners in the market (Public partners, Environment and
computer science strategy, Convergence of computer
science and telecommunications)
— Monopoly or competition (Legal and economic aspects)

Computational geometry is concerned with the analysis and synthe
sis of two and three dimensional shapes represented as conjputerbased mathematical models. The objects studied in this field are the
sets of data points or characteristic polygons which determine
curves or surfaces. The techniques for handling these objects are
relevant to computer-aided design in ship-building, aircraft and car
industries.

Richard Harris
Bond University
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In the early chapters of this book, the authors address the issues
of smoothness (continuity of curvature) and fairness (absence of
points of inflection) in fitting curves with small deflection. The
thorough treatment of quadratic and cubic splines presented in
Chapter 2 includes an interesting discussion of the convexity-preserving properties of splines in tension.
In Chapters 3 and 4, techniques for fitting and fairing curves
with large deflection are considered. In the discussion of parametric
splines, the authors present a novel characterization of the singular
ities of the general parametric cubic curve which allows cusps and
loops to be distinguished from the case where there are two real
inflection points. The use of Bezier curves and B-splines to approxi
mate open polygons is treated very thoroughly, with emphasis on
how the shape of the fitted curve is controlled. The extension of
spline curves to spline surfaces is included in Chapter 5. The prob
lems of matching across the common boundary curve of two
surfaces patches is discussed in relation to general Coons patch
schemes.
Recent attempts to develop a strict mathematical model of the
large-deflection wooden spline with appropriate continuity have
created considerable interest. In Chapter 6, the usefulness of three
types of nonlinear splines (geometric or intrinsic splines, local cubic
splines and mechanical splines) is evaluated in this regard. Finally,
methods of curve and net fairing are discussed. These methods in
volve modifying the original data to improve the fairness of an interpolatory curve. The authors discuss techniques (such as least
squares method, energy method and bounce method) where the
fairing process involves all points, as well as the point-choosing
techniques (cardinal spline and discrete curvature method) where
‘good’ points are left unchanged.
In overview, this book contains a very comprehensive and clearly
written account of foundation ideas and recent developments in the
aspects of computational geometry which concern curve and surface
modeling. An understanding of the mathematical formulation of
the types of curves and surfaces being considered is essential. How
ever, the reader is rewarded for working through the mathematical
arguments which are presented by valuable discussion of the signifi
cance and application of each technique. The book will be wel
comed by designers with problems in curve and surface modeling
which lie beyond elementary considerations. It provides valuable
reference material for graduate coursework in computational geo
metry, and would be a useful addition to the professional library of
computer scientists, engineers and mathematicians involved in the
many industrial applications of computer-aided design.
Howard Connell
Royal Melbourne Institute of Technology
WARD, S.A. and HALSTEAD, R.H.(1990): Computation Struc
tures, McGraw-Hill, 789pp., $US 49:95.
This is a massive book - both in size and content. It is a textbook
in the MIT Electrical Engineering and Conjputer'Science Series and
is a set text for a significant course in tbmputer architecture at
MIT. The course follows j>n from basic introductory treatments of
programming and simple' circuit theory. As a textbook for such a
course it has a wealth of material, is well presented and has numer
ous motivating exercises. For any comparable course it is well
worth considering. As a more general reference I think its appeal is
limited. Although many topics are covered, except for basic princi
ples, a lot of the detail and development is provided by the student
exercises. Although these introduce the ideas well and give some de
tails the student is expected to do the work to find the results. This
is hardly what a busy practitioner wants in a reference book!
As a book to develop one’s understanding of many aspects of
computer architecture this is a well thought out volume. The au
thors seek to bridge the gaps that separate the various specialised
areas of logic elements, processors, compilers and operating
systems. They see the abstract interfaces that are commonly used to
isolate workers in these fields from concern with wider issues as be
ing useful but at the same time limiting to a student’s proper under
standing of computing as a whole. They have recognised that being
familiar with several isolated specialities is not the same as under
standing their interrelation and the best students view the interfaces
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with respect but not reverence: they examine both sides of an
abstraction, treating it as an object of study rather than a boundary
between the known and the intractably mystical. The book flows
smoothly from hardware issues to their causes and consequences in
the software and does an excellent job of providing a rounded
treatment of what should generally be described as architecture in
the broadest sense.
The book starts with 5 chapters that provide a general introduc
tion to hardware logic design (Digital abstraction, Binary represen
tation, Combinational devices, Sequences and states, Synthesis of
logical systems) then has 4 chapters that develop ideas about gener
al digital machines and issues of their structure and design (Finitestate machines, Control structures and disciplines, Preformance
measures and tradeoffs, Communication: issues and structures).
The next 8 chapters discuss the interactions of general machine or
ganisation with languages and their implementation (Interpretation Turing machines, Microinterpreter architecture, Programming and
microcode, Single-sequence machines, Stack architectures, Register
architectures, Memory architectures, Reduced-instruction-set com
puters). The final 4 chapters explore the wider context of the pro
gram’s environment by introducing some issues that involve the
operating system and finally looking towards more speculative areas
of development (Processes and processor multiplexing, Process syn
chronisation, Interrupts, priorities and real-time, Architectural hori
zons). There are 5 supporting summary appendices.
This book could easily form the basis for several middle level
courses of main stream computer science or computer engineering
education. The material is well presented and there are numerous
suggestions for interesting developments that could be used as ex
amples, exercises or even large projects. The textual material is well
supported by an extensive bibliography. In the right course context
this is a great textbook.
Brian Hicks
University of Queensland
OWEN, S.G.( 1990): Analogyfor Automated Reasoning, Academic Press,
230pp., Stg. 24.95 (hardcover).
Reasoning and learning by analogy is one of the most powerful and
common human cognitive behaviours. The key issue in analogy is
to use the knowledge gained previously in solving a problem to aid
in the solution of a new but similar problem. An analogical
problem solving (APS) system can be considered as a software sys
tem which displays, to some extent, the ability described above. As
the number of problems solved by an APS system increases, the
system gradually extends its kriowledge-basb and enhances! its prob
lem solving ability. Owen’s book addresses^he various aspects of
the APS system.
s
jhe whole book is centered around the Basic APS model. The
final goal can be formulated as follows: Given the base problem
and its proof and the target problem, the Basic APS system wants
to find a proof for the targe#problem. The Basic APS model works
in three major steps:
I. Find a match between the base problem and the target one
which represents some similarities between them;
Construct a plan from the base problem as well as its
proof for the solution of the target problem;
3. Apply the plan to the construction of the solution of the
target problem.
The book makes a rather detailed survey on each of these three as
pects and discusses the improvements made by the author.
The book is divided into seven chapters. The first two chapters of
the book introduce some basic concepts about analogyaand the APS
system. The review and analyses of the normative and cognitive ac
counts of analogical reasoning are also given in the second chapter.
Chapters 3 & 4 are devoted to analogy matching between the base
problem and the target one. The author analyzes two typical analo
gy matchers developed by Munyer and Kling in Chapter 3 and
explicitly indicates the heuristics behind each matcher, which are
very important in evaluating matchers. Both matchers discussed in
this chapter suffer from inflexibility and limited generality, because
they depend too much on some weak heuristics. More flexible
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matchers are introduced in Chapter 4. While the ACME matcher
uses neural networks to obtain flexible matching, the FHM matcher
still uses the traditional matching method. But the difference be
tween the FHM matcher and matchers before is that it makes use
of heuristic searching to guide analogy matching, which makes it
more flexible and general. It employs the well-known best-first
search technique.
The purpose of plan construction is to use the analogy esta
blished by the matching stage to form a plan out of the base proof,
which can guide the proof of the target problem. Both the analogue
construction rule for intermediate steps of the proof and the analo
gous operator identification routine for axioms/operators used in
the proof are discussed in Chapter 5. Some analyses of Kling’s
work and its improvements are also made in this chapter. The final
stage of the Basic APS model is plan application. Chapter 6 first
compares six APS systems which employ only simple plan applica
tion methods, and then introduces more flexible plan application
techniques, which are actually patching techniques for flawed plans.
Although Chapter 7 is relatively general, without many technical
details, it does address the important issue of learning global analo
gies.
On the whole, this is a good reference book for anyone who is
interested in automated reasoning or machine learning, and it is
easy to read too. The emphasis the author puts on the heuristic
search in the Basic APS model is a good step forward. However,
the key point of the representation (or re-expressing) of the base
and/or target problem has not attracted more attention than it
should in this book. I would be very happy to see a copy of the
book in our library. But I myself, working not in the specific area
of analogical reasoning or learning, will hesitate to buy it. I do not
think it is worth the price.
Xin Yao
Australian National University

manipulation, roboticists are turning to computational geometry,
neural networks, behavioural architectures and physically grounded
systems to tackle the problems of autonomous control in the real
world.
This book is divided into 9 sections: invited papers (II); theoreti
cal problems of artificial intelligence (12); knowledge-based and ex
pert systems (9); man-machine interaction (7); applications of Al
(7); robotics, perception and intelligent sensor systems (9); vision
and image processing (7); and parallel computer architectures for
Al and robotics (7).
The first paper provides a useful introduction to active percep
tion, elucidating the recent realisation that more realistic models are
obtained by fusing multiple measurements from different view
points. The viewpoint of the sensor is actively changed by changing
the sensor characteristics, or the sensor geometry, or by moving the
sensor, or by using feedback to alter a parameter until the desired
sensor value is achieved. The second paper is an overview of a Eu
ropean research program to produce the theoretical framework for
designing provably correct hardware and software for embedded
systems. This work is based on the CSP tradition.
Another paper of topical interest presents a first attempt at
modelling the dynamics of a mobile robot and simulating the effect
of those dynamics on trajectory following. Four papers report on
new approaches to solving the inverse kinematics of robot manipu
lators: two using neural networks, one using a knowledge-base, and
one using quaternions. Two of the vision papers discuss techniques
for 3D scene reconstruction.
The papers in this book cover a broad spectrum of current Al
research. Thus, few individuals would find enough of the papers
relevant to their interests to warrant purchasing the book. However,
the book is a useful addition to the library of an Al research group.
Phillip McKerrow
University of Wollongong

OAKLEY, B. and OWEN, K.(1989): A Ivey - Britain’s Strategic
Computing Initiative, The MIT Press, Cambridge, Massa
chusetts & London, England, 337pp., $US40.45 (hard
back).

BURKE, H.E.(1990): Automating Management Information Sys
tems Volume 1: Principles of Barcode Applications, Van
Nostrand Reinhold, New York, 486pp., unstated price.

This book makes fascinating reading. It is not an official history or
a research report. It is ‘a personal memoir based largely on the re
collections of those involved’ and that indeed it is.
Part I (some 54 pages) jumps about a bit, but it is an
extraordinary look at getting the project off the ground, originally
an initiative of a government backbencher, and its ultimate result
a 350 million pound budget to ‘research so-called enabling techno
logies - hard areas identified as vital to the subsequent development
of competitive IT products’.
The book is essentially about the programme named after its Di
rector, its international competition (Japan, USA etc), detractors,
defenders and participants. Both the authors were part of the pro
gramme. It is well written although one disturbing factor is all the
acronyms and initials throughout the book and the constant need to
refer to the glossary at the back of the book to understand what
they mean. Also there are 7 appendices (26 pages) which are also
constantly referred to. I always find that disruptive to the flow of a
book. But it is a worthwhile read, although a bit expensive just for
information, rather than being of any practical use.
,
,
David J. Riches
National Roads & Motorists Association, Sydney.
PLANDER, I., (ed.)(1989): Artificial Intelligence and InformationControl Systems of Robots - 89, Proceedings of the Fifth
International Conference, Strbske Pleso, Czechoslovakia,
6-10 November, North Holland. 452pp., unstated price.
When asked to review this book, i thought, ‘Great, the proceedings
of a recent international conference on the application of AT to ro
botics.’ Unfortunately the fact that only 16 of the 78 papers has
anything to do with either robotics or vision confirms that there is a
great gulf between AT Research in robotics and Al research in
knowledge-based systems. Many roboticists consider that all but the
smallest rule based systems are too slow for real-time applications.
While knowledge-based system researchers forge ahead with symbol

Upon reading the first chapter of this book, I was ready to put it
down and stop altogether! It offered barcoding as the ‘solution’ to
MIS ills: a panacea for all management’s information and control
problems. In a most pompous manner, H.E. Burke claims that
these can be solved by the simple application of bar codes in any
MIS application and that he has done it several times over! The
typical ‘Now just read my book and your problems will be solved
too!’ approach.
Despite the book’s introduction (no beating around the bush for
this author) the technology and standards of barcoding are thor
oughly examined and explained. Two chapters are devoted to this
exposition covering a little history, an introductory description of
the main coding standards and a description of where barcodes
might be applied in atabase driven applications. Chapter four dis
cusses the main coding ‘standards’ in use in a variety of industries,
such as the Universal Product Code, (UPC) and its variants, the Eu
ropean Article Numbering Code (EAN), CODE 39 and Interleaved
2.
This exposition is followed by two typical applications of bar
codes: material management and tool control. The reader has plen
ty to chew on in these studies which can be applied to many organ
isations other than those in manufacturing. Burke continues his dis
cussion showing how document management using barcodes might
be implemented.
The main part of the book closes with a very relevant chapter on
labelling standards and issues. This covers barcode label printing
requirements including acceptable tolerances and appropriate label
material. The second last chapter of the book, incongruously enti
tled ‘Human Factors’, deals with the labelling of personnel. Bar
codes might be used for identification, security purposes, ajd em
ployee time costing and payment. Burke then briefly discusses the
use in the US for the general application of one’s Social Security
Number (SSN) for broad identification purposes.
The final chapter discusses the future of barcoding with some
particular projections regarding its use in manufacturing. It also
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discusses briefly an approach to implementing barcoding within an
organisation. This approach follows fairly traditional lines with a
steering committee oversighting the project and phased implementa
tion in achievable segments of an organisation’s operation.
Burke closes with some informative appendices covering the expe
rience of implementors in the Brazilian retail industry, NCR and
SKF. As well as the experiential material, Burke gives us some
seemingly irrelevant material in the appendices including a Julian
calender for any year with an explanation on how to cope with leap
years (add 1 after day 059), a list of the ANSI standard unit of
measure abbreviations and a brief explanation of the history of
base-10 and base-12 number systems.
Notwithstanding the author’s tone and the interesting asides, this
book has a great deal of meat for anyone contemplating the intro
duction of barcodes. The case studies provide a wealth of ideas for
any organisation already in the throes of implementation. However,
it is not an easy read and at times when a new chapter starts, it is
difficult to see how it follows on. In spite of its obvious authority,
I doubt that it will acquire a place on every practitioner’s book
shelf.
John Donovan
Joki Associates, Canberra

SWANSON, E.B., and BEATH, C.M.,(1989): Maintaining Infor
mation Systems in Organisations, John Wiley & Sons,
Chichester, 255pp., Stg. 25.50.
This book reads like a master’s thesis. Its references seem designed
to show that the authors have read widely, or have previously pub
lished aspects of the work in many places. It is replete with polysyl
labic verbal diarrhoea (waffle) probably utilised as a testament to
the authors’ erudition, but which serves only to hide the few good
thoughts in the book. The book may have use in a Computer Sci
ence faculty library as a reference to studies performed, but I
cannot imagine it used by any Information Systems (IS) managers
to help with the day to day problems of maintaining systems.
The book is based on twelve cases studied between late 1983 and
mid 1985. The authors admit that the sample size is too small to
draw conclusions which would be valid statistically, but this does
not deter them from drawing conclusions from tne cases. The book
is useful mainly to record these cases and suggest areas and hy
potheses for more detailed study. However, given the types of in
stallations and the dates of the study, it is doubtful that the cases
are still relevant today - they are predominantly of single processor,
relatively centralised installations.
The worthwhile main thesis is that problems arise in system main
tenance as a result of inter- and intra- group relations between three
groups. These are IS Staff, Users and the. Application Systems
which form the organisation’s application ‘portfolio’. The thesis is
advanced that the maintenance portfolio needs Jo, be viewed as a
whole to enable effective maintenance management. These,manage
rial considerations are really the main contribution of me work.
That maintenance effort depends on system age, progratiimer expe
rience both absolutely and with the system, and system size is not
news.
In reading the book one needs to remember the authors’ defini
tion of maintenance as including all work after the initial installa
tion, whether correction or extension, but not including application
redevelopment. This gives a particular view of the tasks and leads
to the proposition in Chapter 6 of developing an application
maintenance career structure. Chapter 7 highlights some of the
problems wpich your reviewer found when trying this approach in
the 1960s. Srhese include staff sourcing, training and retention in
the context lof a prevalent IS culture which always stresses new de
velopment. No solutions are offered which suggest that the ap
proach can work today, although Chapter 8 suggests that evident
management attention would help.
Most IS management would sympathise with their American col
leagues who identified the IS-User relationship as the major
maintenance problem, but Chapter 8 does also raise some valuable
points. These includes designing to cater for maintenance, clean
hand-over procedures and stressing that
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maintenance is too important .... to be subordinated to sys
tems development.
In brief, Chapters 1 and 8 are worth reading for an overview of
the philosophy and problems, but one might do better spending
money on training in Quality Assurance.
L. G. Lawrence
Vonaldy Pty Limited, Sydney.
MITCHELL, D.A.P., THOMPSON, J.A., MANSON, G.A.,
BROOKES, G.R. (1990): Inside the Transputer, Blackwell
Scientific Publications, Osney Mead, Oxford, U.K.,
234pp., $52.00 (paperback).
Transputer is the name given to members of a family of micropro
cessors developed by the UK company INMOS in the past few
years. These chips are of great interest to computer architects and
system software writers because of their inbuilt hardware support
for process context switching and interprocessor communication.
When transputers were first released, it was intended that all sys
tems level and user level programming would be done using INMOS’s OCCAM programming language, and INMOS did not re
lease details of the transputer’s assembly language. People being
inquisitive as they are, then proceeded to try to figure out for them
selves what the assembly language was, and whether there were any
tricky things one could do in assembly language than was not possi-,
ble in OCCAM. INMOS have now slightly relented, and published
The Compiler Writer’s Guide, to aid those people producing Pas
cal, C, and FORTRAN compilers for the transputer.
The book here reviewed, Inside the Transputer, is a response to
this need for more details about the internal workings of the
transputer, and for more details about the transputer’s assembly
language. The authors state that is a companion to, and not a re
placement for, The Compiler Writer’s Guide.
The book is written by members of the internationally respected
group of transputer researchers and applications developers at Shef
field University, and includes many useful pieces of information
about fine details of transputer operations which have been gleaned
from years of experience.
The focus of the book is on why and how you would write as
sembly language programs for the transputer, and as such it is un
derstandably specialised and detailed. It is well written and appears
technically accurate. About two-thirds of the book is a reference
manual for the transputer’s 100 assembly language instructions, and
most of the other one-third also concentrates on assembly language.
At $52, the book is expensive for its size, but I feel sure that it
would be useful reading for any systems programmers and Compiler
writers vyorking with transputers. It would rflso be a useful refer
ence-book for libraries wishing to include specialised material in
coipputer architecture and system software. If available in your li
brary, it would be worth a quick glance for those interested in com
puter architecture.
,
*
Neil Bergmann
University of Queensland
THAYSE, A. (eif.)(1990): From Modal Logic to Deductive Dataf
bases, Wiley, Chichester, 232pp., $87.65 (paperback).
This work is a compilation by several authors from three french
affiliations: the Philips Research Laboratory, in Brussels, and the
Universities of Louvain and Liege. Though it has been translated
from the French, there are none of the usual mistakes that normally
suggest this. Its aim is to express current topics in Artificial Intelli
gence in terms of their logical foundations.
The content of this work is completely theoretical. Shis becomes
its major flaw. It tackles several subjects including the representa
tion of natural language, modal logic, temporal logic and deductive
databases. These, and other subiects, are analysed and dissected
down to the lowest level possible, logic. In doing so, very high level
concepts are represented in very low level logic terms, making both
the logic and English terminology very difficult to follow. The over
all style is concise yet uninteresting, with most concepts illustrated
with very factual and dry examples.
This is the second in a (proposed) trilogy on logic. There is not
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an introduction to logic in terms that may be understood by a be
ginner. This is the task of the first volume, see Thayse (1988).
Without this, or a very strong background in logic, it is useless to
attempt to read this book.
From its content and presentation it is very obvious that this
book is only suitable as a reference source, and to an extremely lim
ited audience of logicians and computer scientists specialising in the
logical basis of artificial intelligence.
Even as a reference source its presentation will make it unattrac
tive to most readers, and its price tag, quite high for a paperback,
would reduce whatever little attraction remained for the rest of its
likely audience. If you are thinking of purchasing this book, have a
good look through it before handing any money over.

DeMarco nor of Gane & Sarson. Entity-relationship diagrams and
Yourdon & Constantine style structure charts are not covered, and
some claims seem to be in contradiction to accepted usage. For ex
ample the claim (p75) that ‘Warnier-Orr diagrams cannot indicate
optional versus non-optional parts of a data object.’
Despite these criticisms, there is much practical material, such as
testing and the security aspects of development cycle phases. How
ever, since it is considerably more expensive than its competitors yet
has a number of major flaws I would recommend it as a
supplementary rather than a primary text.
Neville Churcher
University of Canterbury, Christchurch, N.Z.
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von MAYRHAUSER, A.(1990): Software Engineering: Methods
and Management, Academic Press, London U.K., 864pp.,
$109.95 (hardback).
Choosing a suitable software engineering text or reference book can
be difficult because the requirements of the science and commerce
faculty departments in which the subject is taught are often in con
flict. The division of this book into two major parts, ‘Methods’ and
‘Management’, reflects these two viewpoints without compromising
the treatment of material common to both.
Part I covers a variety of software life-cycle models with one or
more chapters being devoted to individual phases. Part II concen
trates on the management of software development and includes
such topics as programmer team structures, cost and resource esti
mation, and the role of metrics in the software development pro
cess.
Although intended as a text it would also be suitable for prac
titioners since no particularly specialized knowledge is assumed.
Two case studies are used throughout. While this enables a more
substantial example to be discussed when introducing new tech?
niques, my feeling is that it makes the book less useful as a refer
ence work. Many of the exercises are also based on the case studies.
As seems customary in software engineering texts, no solutions are
provided.
The coverage of topics is broad, though not encyclopaedic, and
the emphasis is on state-of-the-art technology rather than current
research trends. This book is BIG even by software engineering text
standards. Space has been allocated generously to some topics
which, although important, are not normally given much more than
a passing reference and a citation. The coverage of Parnas’ infor
mation hiding is an example.
Unfortunately, the overall impression I gained was that a variety
of elderly methods were being presented at the expense of more
worthy and recent counterparts. For example, the material on MIL
and PDL - both dating from the mid-’70s - could have been con
densed and supplemented by greater coverage of the relevant fea
tures of widely used modern programming languages such as Ada
and Modula-2, or a discussion of such developments as functional
programming languages.
Surprisingly, no material on CASE, IPSEs or 4GLs was in evi
dence. Coverage of software tools, both in general and specific
examples, is also poor. I regard these as major flaws. I would pre
fer to dispense with, say, the chapter on coding; at which today’s
undergraduates are far more sophisticated than their counterparts
of a decade ago, and include; more material on techniques which
will shape the future of software engineering.
The structured -analysis and design techniques are surely the bread
and butter of software engineering texts yet their treatment here is
marred. The notation used for data flow diagrams is neither that of

The book is based on the author’s Ph.D. thesis describing work
carried out in the Electrical and Computer Engineering Department
at Carnegie Mellon University. The book begins by describing some
existing methods of applying lazy evaluation to functional pro
grams. A key idea in this area is that of combinator graph reduc
tion and a summary of the theory is given in an appendix.
The author then describes the TIGRE (threaded interpretive
graph reduction engine) methodology for implementing combinator
graph reduction. A primary goal of TIGRE is the elimination of tag
processing overhead. A scheme is constructed in which the nodes in
the graphs are all of one type and hence no conditional branching
or case analysis is required at run time.
A TIGRE abstract machine consisting of an ALU (arithmetic log
ic unit), a scratch pad register storing space, a central logic unit to
perform the threading, a memory space containing the spinestack, a
memory holding combinator definitions, and a heap memory for
holding the graph nodes is then described. The TIGRE assembly
language has characteristics similar to the abstract machine used by
the FORTH programming language. A TIGRE compiler has been
written and TIGRE has been mapped into C, into VAX assembly
code and onto a MIPS R2000.
The second part of the book discusses TIGRE performance on a
variety of hardware platforms using assembler language and C.
Factors such as cache memory size, use of heap memory and access
to spinestack memory are discussed in detail. Overall TIGRE is
shown to be able to perform well within an order of magnitude of
performance of imperative languages (such as C) for small pro
grams. With further research and improvements it may be viable
for general programming use.
The book is clearly written and well laid out. A range of sugges
tions are made for further research projects.
David Hunt
University of New South Wales
COLE, G.D.(1990): Computer Networking for Systems Program
mers, John Wiley and Sons, Inc., Brisbane, 242pp., unstat
ed price.
Computer Networking for the Systems Programmer is one of a ser
ies of books designed to aid computer programmers and software
engineers with the development and implementation of computer
networks. The books are designed to build on an existing computer
knowledge base. Each book in the series (currently there are four)
deals with a different aspect of the wide range of data communica
tion topics. This book is designed to explain the concepts of data
communications and computer networks, with particular emphasis
on practical examples that are encountered in today’s networks.
The book looks at Open Systems Interconnection (OSI) networks as
well as other industry standards which are designed for an open sys
tems environment.
A quick browse through the index gives an idea of the enormous
task being undertaken by this book. It attempts to cover (i huge
range of areas, and with 242 pages to do it in would appear to be a
little ambitious. On reviewing the book, my initial impressions were
supported. I found the range of topics available for discussion to be
a noble one, and worthy of the title of the book. However, I found
the actual discussion on each topic to be very limited in depth. The
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book appeared more to represent a collection of random notes and
good ideas, than a well structured tutorial linking the various as
pects of computer networking into a single text. In places, the book
contradicts itself to the point of including obvious technical errors.
The book claims to build on an existing computer knowledge
base. However, it does tend to use communications terminology
without initial definitions. There are concepts discussed which ap
pear out of place, either within the context or within the entire
book. The style of the author is slightly flippant at times, with
lighthearted comments being added as though he were thinking out
aloud.
To the book’s advantage, some very important design criteria for
computer networks are detailed including the writing of networking
software to purchasing off-the-shelf systems. Important issues ex
amined include security, interoperability, requirements definitions,
design methodology, coding and debugging, and future trends.
Comparisons are drawn between networking styles such as the
heavy handed, multi-vendor style of OSI to the light weight, low
overhead style of application specific protocols.
I find it difficult to recommend this book, even as general read
ing. There are much better books dealing with computer networks
and data communications in the market already, most of which
cover the topic in far more technical depth than this book. All of
the books I would recommend are included in the extensive Bibliog
raphy as referenced texts. I found the book very sketchy and lack
ing coherence which made it very difficult to follow. I would be
interested to examine future editions of this book as they become
available.
Danny Smith
The University of Queensland
ELDEN, L. and WITTMEYER-KOCH, L.(1990): Numerical Anal
ysis - An Introduction, Academic Press, 340pp., SUS39.95.
This book is an excellent introduction to numerical analysis for en
gineers and science students. To understand this book readers need
to have covered a course in calculus and algebra up to 2nd year
undergraduate level. They would not need to have done any pro
gramming. It is a book for the practising engineer who is interested
in understanding the theory in Numerical Analysis. It is not a
‘cookbook’ for finding program source listings.
The book has many things in its favour compared with others of
its genre. Many authors on this subject concentrate on the program
ming aspects and are too hardware or software orientated. This
tends to leave students confused and they miss the point by concen
trating on the programming rather than the mathematics involved.
(Conte and De Boor, Elementary Numerical Analysis, 2nd ed., is
an example where the emphasis is on writing the code not on the
underlying mathematics). This book makes a brief reference to
hardware in the opening chapter by quoting the IgEE standard for
floating point arithmetic, and mentions its implSfnentation in the
INTEL 8087 and MOTOROLA 6881. This is the closest it comes to
being hardware specific. Bji concentrating on the mathematical as
pects of numerical analysis the book will be around for a while and
not become outdated.
The book covers enough material for a semester course in Nu
merical Analysis, beginning with errors and computer arithmetic
through functions, nonlinear equations, interpolation, differentia
tion, integration, systems of linear equations, approximations and
differential equations.
Knuth in his preface to Algorithms (Knuth, D., The Art of Com
puter Programming, Vol 1., Fundamental Algorithms) speaks about
the importance of the reader doing the exercises to have a proper
understanding of the material.
It is difficult, if not impossible, for anyone to learn a subject
purely by reading about it, without applying the information
to specific problems ...
Good pedagogical textbooks have exercises with answers, as does
this one at 'the end of each chapter. All the exercises require only
pencil and paper, hence students can work independently. At the
end of each chapter there are references which may be of interest to
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students who want a more extensive treatment, however, I found
the text sufficiently self contained.
Don’t be put off by the names of the authors, or the fact that it
was translated from an original Swedish text. The style of writing is
concise, easy to read and clear. At $39.95 hardcover with 340
pages, it is a book which is extremely affordable to students, or as
a useful reference to the practising engineer who wants more than
just a cookbook in Numerical Analysis.
Peter Radonyi
University of New England, Northern Rivers

CORMEN, T. H., LEISERSON, C. E. and RIVEST, R. L.(1990):
Introduction to Algorithms,, McGraw Hill, 1028pp.,
SUS49.95 (Hardback).
Considering the number of books already published on ALGOR
ITHMS, it is difficult to justify writing yet another. However, I be
lieve that Introduction to Algorithms by Cormen, Leiserson, and
Rivest turns out to be a truly valuable addition to the textbooks on
this subject.
Besides an introduction, this book is divided into seven sections.
Part one is on mathematical foundations from which most students
will benefit considerably. This section covers in reasonable depth
the notions of the growth of functions which are used for describ
ing the asymptotic running time of algorithms; summations; recur
rences; concepts related to sets, relations, functions, graphs, and
trees; and elementry probability theory. Part two deals with two
problems, namely, sorting and selection. Part three covers some
common data structures which are often required in designing al
gorithms. Part four is concerned with techniques for designing effi
cient algorithms and amortized analysis. Part five deals with ad
vanced data structures including B-trees, and heaps. Graph
algorithms are considered in part six, where algorithms may be
found for graph searching, finding minimum spanning trees and
shortest paths, and the maximum flow problem. Part seven concen
trates on selected advanced topics including parallel algorithms, ma
trix algorithms, algorithms for FFTs, for string matching, computa
tional geometry, NP-Completeness, and approximation.
The book is an excellent treatise on each of the topics covered in
these seven sections. Although the authors cover a wide range of
problems and present algorithms for them, they have taken
sufficient care to discuss every algorithm in considerable depth.
They include proofs of correctness in as many cases as possible.
The reader should agree with the authors’ claim that the ‘book is
designed to be both versatile and, complete.’ c
%

•
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The book, in fact, covers much more materjal than can be taught
in a oge semester course on algorithms. It can still be used as a text
for a one semester Algorithm course as well as being a useful refer
ence for a course on Data Structures.
In summary, this well presented book may be recommended as a
text on Algorithms for undergraduate classes. It contains over 900
exercises and over 120 problems. The price of the book (SUS49.95)
is quite reasonable and at this price is well worth acquiring.
Y
Pranay Chaudhuri
University of New South Wales
.
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GILMORE, W.E., GERTMAN, D.I., and BLACKMAN,
H.S.(1989): User-Computer Interface in Process Control,
Academic Press, San Diego, USA, 427pp., US$49.95.
This book is subtitled ‘A Human Factors Engineering Handbook’
and is intended as a reference for those involved in designing, re
viewing or assessing User-Computer interfaces in process control
systems. The authors commence with a warning that one of the ma
jor contributing factors to the Three Mile Island disaster was the
poor design of the human-computer interface in the control room.
The old-fashioned multi-panel instrumentation in systems concerned
with power generation, chemical and industrial process monitoring,
etc., is fast being supplanted by workstations with enhanced graph
ics capacities. The design of the human factors involved in these
operations is every bit as important as the design of the hardware
and software components of the systems.
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Process control applications differ in many aspects from more
conventional types of DP systems. They typically operate in real
time (as opposed to on-line interactive). That is, the process is in
control. The operator must take action in a time frame which is
dictated by the events occurring in the physical process. They deal
with time-continuous rather than time-discrete data input, the latter
being the most familiar to the vast majority of system designers.
The processes usually involve a large number of interrelated vari
ables. The authors argue in favour of a concise set of design rules
for the user interface rather than design guidelines, i.e. nothing
should be left open to interpretation during the system implementa
tion.
Given the technical nature of the applications for which this book
is intended, the authors provide a detailed list of technical specifica
tion for:
—
—
—
—
—
—
—
—
—
—
—

screen hardware characteristics
screen content and structure
instructions given to users
characteristics of displayed text characters
screen organisation and layout
windowing considerations
colour combinations
user of geometric shape for pictographs
audio alarms
motion/animation effects
analog vs digital representation

There is detailed discussion on the means available for operators
to enter data into process-control systems. The authors discuss the
technicalities of keyboard design and of ‘alternate’ (the Americans
really mean ‘alternative’) methods of data input via joystick,
mouse, tracker ball, touch screen, etc. Dialogue between machine
and user is discussed under headings of question and answer, form
filling, menus, command and query languages and natural lan
guage. The role of expert systems in this activity is also examined.
Finally, human physical (anthropometric) factors are examined in
the establishment of a workplace design which maximises the effec
tiveness of operators’ activities.
The authors provide 160 references for their assertions and each
of their guidelines and points of consideration are cross-referenced
to this list. The final 100 pages are devoted to a checklist of essen
tial user-computer guidelines which operate as a summary of
everything covered in the text.
The book is extensive in the field of interface design which it ad
dresses and will appeal most to designers with a technical/engineer
ing background who are looking for a comprehensive set of criteria
on which to draw in the design and implementation of real-time
process control applications. There is much in the book, however,
which should be of general interest to all system designers of what
ever area of application. Our profession is becoming fixated on
graphic user interfaces. For most, this equates with colour and
movement and lots of pop-up windows. The authors of this book
go beyond the superficial appeal of graphics over text and provide a
scholarly, well-referenced treatment of the technical aspects of the
man-machine interface.
Peter Juliff
Monash University
CAUDILL, M., and BUTLER, C.(1990): Naturally Intelligent
Svsterns, Bradford/MIT Press, 232pp., $US87.65.
Artificial Neural Networks - ANNs - is a young yet popular field.
Despite the recent groundswell of interest, their operation remains
enigmatic. It will be interesting'to see what of lasting value emerges
from the current flurry of research activity once the dust settles. It
will also be interesting to see if the connectionist approach merges
with or indeed supercedes the traditional rule-based Artificial Intel
ligence approach. The latter has received a-considerable amount of
bad press recently! Perhaps the pendulum will eventually swing
back, and we’ll see ANNs fall out of favour.
Apart from a research project in robotics, my recent interest in
ANNs was largely prompted by preparing course material for a

Neural Computing subject being offered within the Cognitive Sci
ence graduate programme at the University of Wollongong. This
necessitated evaluating numerous ANN books - of which there has
been a plethora in the last two years - as to their suitability as a text
for this subject. What I found ranged from the sublime to the ridi
culous. In the latter category I place Brunak & Lautrap’s Neural
Networks - Computers With Intuition (World Scientific 1990). I
found the classic Rumelhart & McClelland Parallel Distributed Pro
cessing text (MIT Press; 1986), and its more recent IBM-PC and
Macintosh offshoots - whilst valuable in that they contain the key
chapter on backpropagation - too esoteric and inaccessible from a
student’s perspective. The three books which I did find suitable
were Alexsander & Morton (Chapman & Hall 1990), Beale & Jackson (Adam Hilger 1990), and Simpson (Pergamon 1990).
So how does Caudill & Butler fit into this spectrum of ANN
books currently on offer? Firstly, they opt for a descriptive treat
ment with no mathematical formulae, which in itself comes as
somewhat of a relief compared with some earlier texts which go
overboard in this direction. Unfortunately; whilst this could have
been a strength, the authors have fallen into superficiality in their
treatment of some ANN topics. Indeed, they seem to be deliberately
targeting a ‘popularist’ readership (one of the authors writes for
Al Expert magazine, and each is described as either an ANN ‘con
sultant’ or a ‘specialist’). In keeping with this approach, they have
included ‘hip’ (glib? superficial?) section headings, (often irrelevant)
quotations at the beginning of each chapter, and cartoons which
left this reviewer cold.
In conclusion, I suggest the book would perhaps be of interest to
later year high school students and the lay person, but unsuitable as
a University-level textbook, especially at an asking price of $87.65.
John Fulcher
University of Wollongong
SPURR, K. and LAYZELL, P. (eds.)(1990): CASE on Trial, John
Wiley & Sons, New York, 242pp., Stg. 19.95.
Much has been said and written about Computer Aided Systems
Engineering (CASE) recently. Case On Trial is a collection of pa
pers presented at the first conference organized by the British Com
puter Society CASE specialist group. As the title suggests the book
attempts to provide a critical discussion of CASE related issues with
the aim of establishing what benefits CASE really brings as op
posed to the benefits claimed by the vendors of CASE technology.
The papers deal with a range of topics and can be broadly grouped
into Application of CASE - User Experience, Selection, Use and
Evaluation, Development Methods, Object-Oriented Analysis and
Design, Future Issues in CASE, and papers on Managerial and Or
ganizational Considerations.
The first paper is the keynote address by David Fairbairn titled
‘The Opportunity of the Decade’ which sets the theme for the con
ference and emphasizes the quality improvements associated with
the use of CASE tools on software projects. Fairbairn makes the
point that both quality and productivity can be improved when
CASE tools are used on software^ development projects, and that
these two important objectives should not be seen as opposing in
the context of software development.
Several papers are worth a special note. Among the papers deal
ing with user experience in applications of CASE tools I found the
paper by Christine Davy titled ‘Using CASE to Control a Large
Data Analysis Project’ of special interest. The paper describes the
use of Oracle CASE tools (Oracle Corporation) on a large data
analysis project, with the aim of developing a company-wide data
model for a multinational corporation. The information given in
the paper and in particular the discussion of both benefits and
drawbacks of the application of CASE on projects of this scale
would be of interest to anyone involved in similar exercises.
The paper by Glen Strange of Coopers & Lybrand (International)
titled ‘International CASE Tool Selection and Evaluation’Tocuses
on the problem of selection of a suitable CASE tool to support an
existing inhouse methodology (SUMMIT in this case). Several lead
ing CASE products have been extensively evaluated against a set of
selection criteria. The paper is of obvious benefit to any organiza
tion involved in the process of selection of CASE tools.
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And finally, the paper by Neil L. Richards titled ‘AD/Cycle - A
New Unofficial Standard?’ considers IBMs approach to CASE as
embodied in the AD/Cycle (Application Development Cycle) which
defines the framework for application development within the IBM
hardware and software environment. Much of the paper is devoted
to the discussion of the relationship of AD/Cycle to other compo
nents of the IBM environment, in particular the SAA (System
Application Architecture). The likely future AD/Cycle develop
ments and the anticipated impact of these developments on nonIBM users is considered in detail. The list of papers mentioned in
this review is not intended to be exhaustive; other important papers
include the paper by Michael Jackson ‘CASE Tools and Develop
ment Methods’ and papers dealing with advanced topics such as
‘Methodologies and Tools for Parallel Processing’ by Kevin Steer
and ‘Knowledge Use in Software Design’ by David Budgen and
Mustafa Marashi. I recommend this book to anyone who is serious
ly involved with practical application of CASE technology. Most
papers would also be useful to researchers in this area. Perhaps the
only disappointment is the omission of any discussion of the emerg
ing ANSI Information Resource Dictionary Systems (IRDS) stan
dard which is likely to play a pivotal role in driving the future de
velopments in this area. While the importance of standards in this
area is emphasized in several papers, no presentations describe the
ANSI proposal in any detail.
G. Feuerlicht
University of Technology, Sydney

EAST, 1.(1990): Computer Architecture and Organization, Pitman,
450pp., unstated price.
Over the years the hardware-oriented subjects of most Computer
Science courses have waned to the extent that current CS graduates
may have received little or no formal introduction to the machinery
that supports their programs. With this first year course text, Ian
East, a CS lecturer at the University of Buckingham, attempts to
re-establish the link between Computer Science and Electronic Engi
neering by presenting introductory material spanning both discip
lines.
There are three main sections. Section 1, ‘From Software to
Hardware’, introduces the concepts of computation, software engi
neering and machine language programming. Section 2, ‘From
Switches to Processors’, describes data representation, construction
of components from logic gates, and the design of processor con
trol units. Section 3, ‘From Components to Systems’, discusses the
design of processors and memory units, communication and memo
ry organisation, and concludes with a description of three existing
processors, the Motorola 68000, National Semiconductor 32000 and
the INMOS transputer. A vast cross-section of computing topics is
introduced, including automata theory, the waterfall design process,
structured programming, RISC vs. CISC computers-, number repre
sentation, propositional logic, decoder, encojder, adder and register
design, state machines, microcode, busr organisation, virtual
memory, machine organisations and their programmer’s architec
tures, paging, terminal communication, etc.
Inevitably any attempt to cover so many topics in a single book
results in a rather spasmodic presentation. Many subjects can re
ceive only a superficial treatment, with a corresponding loss of
clarity. Some of these lapses are quite significant. The introduction
to twos complement arithmetic, for instance, is flawed by a failure
to indicate clearly where the text relates to negative or positive val
ues. New concepts are frequently used with little introduction; al
though the Ejuthor has gone to the trouble of highlighting technical
terms they a|e rarely defined, except via context.
The text avoids tying itself to any particular architecture or pro
gramming language (although the author is clearly influenced by the
transputer-occam model). This makes the book widely-applicable,
however the presentation is often rather abstract - the text frequent
ly discusses what ‘may’ be done, what is ‘usually’ the case, or what
is ‘possible’, particularly in the early software-oriented chapters.
The later chapters, which discuss specific aspects of hardware de
sign, seem much more substantial.
Typesetting and drafting are by the author and betray a slight
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roughness that professional preparation would have avoided. More
seriously, there is a distracting overuse of special fonts for emphasis
and to introduce new terminology. Indeed, barely a sentence goes
by without a highlighted word or phrase.
Nevertheless the text is easy to read throughout and well indexed
for random access. Each chapter concludes with examples; detailed
solutions to all of these are supplied. The book benefits greatly
from its numerous helpful diagrams, each of which is clear and to
the point.
In summary, this book is an adequate basis for an introductory
course on computing fundamentals, ranging from switches to soft
ware, with appropriate guidance from the lecturer. It is less suited
as, nor intended to be, a stand-alone text - novices will quickly lose
their way in the maze of concepts covered and experienced readers
will be frustrated by the shallow treatment afforded each topic.
Colin Fidge
The University of Queensland
CONNELL, J.H.(1990): Minimalist Mobile Robotics, Academic
Press Inc., Boston, 1975pp., SUS65-75 (hardback).
This is a book about Herbert, a handicapped dwarf four feet high
and 18 inches wide, with only one arm, and also with three wheels,
32 infra-red sensors, 24 CMOS processors, and appropriate batter
ies. Herbert was designed to wander about an office building col
lecting drink cans. Each time one was found, Herbert took it back
to a collection point.
The book is divided into six chapters, and also has a Foreword
by B. Chandrasekaran, an Introduction by R.A. Brooks, and a Pre
face by Connell himself. The book includes approximately 70
diagrams and photographs, and index of 280 entries, and a bibliog
raphy with 64 references.
Herbert is the result of Connell’s Ph.D. Project at MIT under the
supervision of Brooks. The aim is to demonstrate a novel approach
to the problem of multiple interacting processes. This new approach
totally avoids internal data models (with their updating consistency
problems), message passing (with its complex handshaking proto
cols), and indeed avoids any storage of data longer than a few sec
onds. Nevertheless, Herbert’s intelligence consists of 40 separate
interacting processes. The interaction happens three ways: by the
sensing of the common physical disposition of Herbert and its envi
ronment, by each process continuing to send its output as long as it
is valid, and by a fixed priority arbitration network between these
outputs and the actuators. Curiously, the result is a robot that ap
pears to an external observer to have high level goals and persis
tence of plans, although it has none of thdije. Connell thu^ raises
the question of the validity of such inferences about living
organisms., including even ourselves. Thus the'book may profitably
be rea'cf by anyone involved with interacting computer systems, par
ticularly of course, those in the areas of Artificial Intelligence and
in Mobile Robotics. It should also be read by Ethologists, and wor
kers in Animal Psychology ancj,in Cognitive Philosophy.
D. H. Herbison-Evans
University of Sydney
WHITE, B.(1989)(Programming Techniques for Software Developy
ment, Van Nostrand Reinhold, 246pp., $82.50 (hardcover).
I found this an interesting book. It covers a lot of material in vary
ing depth and in only 240 pages. The preface states that
Experienced programmers will find it a source of readily
available tools ..., novice programmers will find it an intro
duction to advanced techniques, ... sources offurther study,
and a source of immediately useable tools.
I think that it achieves this goal.
Another principle that guided the author is that readers must ex
ercise thought to profit from the book. What this means is that ma
ny topics are covered in only sufficient detail to be complete and
understandable. To use them will require the reader to work out the
real detail and/or follow the references. For example, eight
software design techniques are covered in 32 pages (Pseudocode,
Nasi-Shneiderman/Chapin Charts, Decision Tables, SADT, Your-
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don/DeMarco, Gane/Sarson, Warnier-Orr and HIPO). This does
not allow a detailed exposition of each technique. The book gives a
feel for each, notes the advantages and sometimes a general evalua
tion. Certainly I found enough information to get a feel for wheth
er or not I wanted to follow up the quite good references at the end
of the chapter to gain a real understanding of the application of the
technique.
In other chapters the coverage went to a more detailed level whilst remaining brief. For example the chapter on sorting gives a
number of Pascal- and BASIC-like program examples of various
sorting algorithms. A brief evaluation of the efficiency and applica
bility of each is also given. I did not check them for correctness.
Pascal and BASIC were used as example implementations in a book
which is aimed at practicality. Thus there are examples of both
structured and unstructured language implementations, the latter
being for the group of programmers who still must use unstructured
languages.
I browsed through most of the book. I filed many sections away
for future reference when needed. Some sections I read in detail as
they caught a current interest. In general I found the book very
readable, and there were some nice quotes thrown in from time to
time.
The chapters covered the following topics:
— Key Topics in Software Design
— Organization of Data
— Generation and Validation of Psuedo-Random Number
Sequences
— Simulation and Monte Carlo Techniques
— Survey of Graphics Techniques
— Human Factors
— Program Attributes
— Gaming Techniques
— Searching
— Sorting
As a book for students I feel it would require supporting material
and/or explanation. It struck me as an ‘Algorithms + Data Struc
tures = Programs’ for the 1990’s. That book, by Wirth, is still on
my book shelf and even now gets referenced occasionally. I think
this book will enjoy the same sort of home in my office.
Randall Fletcher
Queensland University of Technology
ALLEN, A.O.(1990): Probability, Statistics and Queuing Theory
with Computer Science Applications, 2nd Ed., Academic
Press, 740pp., $49.95..
The book is obviously massive, at least partly because it is appar
ently intended to be entirely self contained on the topics in the title
except for a number of proofs which the author regards as not illu
minating in the context in which they would appear. (He gives
references in these cases). It is also quite discursive: implications are
brought out, and applications, frequently dressed up in a light
hearted style, often set out in detail. A good example is the discus
sion of the geometric and harmonic means, on page 465ff. There is
also a substantial crop of quotations, dispersed through the text
(eg. ‘Don’t be afraid to take a big step when one is indicated. You
can’t cross a chasm in two small jumps.’ - David Lloyd George).
PART 1 consists of Probability, including Random Variables,
Probability Distributions, and Stochastic Processes (about 230
pages). PART 2 is Queueing Theory, including Queueing Models of
Computer Systems (about 260 pages). PART 3 is Statistical Infer
ence: Estimation and Data Analysis, Hypothesis Testing, and
Regression and Correlation Analysis (about 180 pages). There are
also five Appendices, covering Statistical Tables, APL Programs,
Queueing Theory Formulas, Mathematica Programs, and Answers
to Exercises (about 115 pages). Among the numerous examples and
exercises are many phrased in terms of computing - as an indication
of the possible wide appeal of the book. Even the Norton Utilities
come up in an example.
It is easy to find instance of statements which are more than half
true - to use language of which the author would probably approve

- but which need qualification for completeness. An example is the
assertion of page 459 that ‘The sample mean ... is the preferred
measure of central tendency for most statisticians because it is the
best estimate of the population mean ...’ (it isn’t always, whatever
best may mean); another is the example of p 527 where it is
suggested that one test has greater power than another because a
particular sample has led to the rejection of a null hypothesis by
one test and not the other. However, the author would probably
defend this kind of statement along the lines of page 430: ‘We shall
not be able to answer fully all of these (fundamental) questions in
this book, but we shall attack each of them vigorously, if not rigo
rously.’ The obvious intent is to avoid obscuring the wood with the
trees, and it can certainly be argued that a first course is not the
place to dot all the i’s and cross all the t’s.
The computing systems used (and discussed) in the book include
MINITAB, EXPLORE, SAS/STAT, Mathematica, APL (numerous
APL functions, with very naive structures, are exhibited, but the
author says that after Mathematica became available to him in July
1989 he wrote no further APL code), and a Hewlett-Parkard 21S
calculator.
The book was produced with LATEX, so it is of interest to ex
amine its technical production. Something went wrong with the
paragraphing on page 123; and the layout of the derivatives on
page 167 is odd (unlike that of page 214). At page 159 the equation
numbers in the text and in the margin are out of correspondence
(and continue thus for some pages): e.g. on page 160 the test refer
ences to (3.151) and (3.152) should be (3.150) and (3.151). And an
Australian may note that the references to Darel Daley of the ANU
should be to Daryl Daley.
Should you buy the book if the area is of interest to you? It’s
idiosyncratic, but as the author says, vigorous: it’s not likely you or
your students would find it dull. I can only suggest that it will be
well worth your while to have a look at it in order to make up your
own mind.
J.B. Douglas
University of New South Wales
LINDLEY, C.A.(1990): Practical Image Processing in C, Wiley,
553pp., unstated price (paperback)..
With such a title, I expected the book to centre on algorithms and
C program examples for image manipulation. The book does this to
some extent, in 145 pages (25% of the book). The bulk of the book
describes the author’s project to implement an image processing
system on a PC, including hardware design for low cost image cap
ture from a video camera using the parallel port, and assembly code
for the driver.
The choice of this hardware platform is based on its widespread
availability rather than suitability for the task. Images captured are
restricted in size by addressing limitations of the Intel chip and dis
play capability of the VGA graphics board. Clearly, the book is not
intended to teach image processing in depth, or for handling re
motely sensed photography which require two orders of magnitude
more address space. It describes point and neighbourhood
processes, such as histogram equalization, low-pass and high-pass
filters, edge-detection and median filtering, with brief discussion of
why one would want to use them. Visual examples are relied on to
show application.
Its strengths lie in its clearly written and well structured text, and
its description of how you can build the interface card and perform
simple image processing on your PC, from image capture using a
video camera, through image enhancement and manipulation, to
hard-copy by photographing the screen or transfer to other pack
ages via the TIFF or PCX format for printing on a matrix printer.
Listings of almost all the software are given in the text, and are
also available for separate purchase on disc. Longer programs, such
as TIFF formatting, are only distributed on disc. Intended as they
are for PC use, the routines would need to be modified for jise on
any other platform. This may not be a major task, requiring
changes to ‘include’ files to remove contortions to beat the 640K
limitation imposed by the Intel chip.
In summary, the main market for this book will be people inter
ested in using their PC for image processing, who are prepared to
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build their own image capture card, and who will be satisfied with
the resolution that the VGA card enables, such as for desk-top pub
lishing or automated assembly-line inspection. The second market
will be people who wish to build their own image processing soft
ware and would be assisted in seeing how the most commonly used
algorithms are encoded in C.
Graham Freeman
Australian Defence Force Academy
TUFTE, E. R.(1990): Envisioning Information, Graphics Press,
196pp., SUS48.00.
Despite the title, this is an unexpected book for review in a compu
ter journal. It is a most attractive book (I hasten to add that this
does not mean to imply that readers of computer journals lack aes
thetic appreciation). It contains more than 400 illustrations includ
ing maps, charts, photographs, guide books and even a pop-up
pyramid, which are drawn from seventeen countries and seven cen
turies. It is an eye-catching book, which is to be expected, since the
illustrations are chosen to catch the eye and entice the brain to ex
plore the complex information presented. I found it pure pleasure
to open the book at any page and ‘read’ the pictures there.
When I did manage to avoid the tantalising call of the visual rep
resentations, I found much to inform, educate and delight in the
text. The language is straightforward, readable and often strongly
uncompromising, as, for example:
Lurking behind chartjunk is contempt for both information
and for the audience. Chartjunk promoters imagine that
numbers and details are boring, dull and tedious, requiring
ornament to enliven, (p 34)
Tufte has provided ample examples to disprove the latter notion.
The author spells out clearly and in lively style the ‘general prin
ciples that have specific visual consequences, governing the design,
editing, analysis, and critique of data representation’ (p 9) and is
fiercely critical of those who fail to observe the principle: ‘Violation
of this counsel yields the exuberantly bad example below.’ (p 82).
What significance does the book have for ACS members?
To envision information - and what bright and spendid vi
sions can result - is to work at the intersection of image,
word, number, art. The instruments are those of writing and
typography, of managing large data sets and statistical analy
sis, of line and layout and colour. And the standards of
quality are those derived from visual principles that tell us
how to put the right mark in the right place, (p 9).
Technology has provided us with the means to deal with large
data sets, to make presentations of line, layout and colour. This
book provides those like me, whose artistic desires have been re
leased by technology, but who managed to miss out on the princi
ples the first time round. The technology enables us make the pre
sentations, the principles so clearly spelled gut and lavishly
illustrated here will enable us to make good.presehtations. ,
Recommended for those doing presentations of any kind, or just
for a good read.
Eve Shaw
Canberra
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CERUZZI, P.E.(1989): Beyond the Limits, The MIT Press, 270pp.,
SUS34.50.
‘Bully-boy computer scientists in government extortion racket’ is
not the sort of press one would expect of our profession. And al
though there is no real hint of improper behaviour, ‘Beyond the
Limits’ leaves the reader in no doubt that our forerunners certainly
lacked nothing in business acumen. The computer industry owes
much of its genesis to its founding fathers’ ability to extract mil
lions of dollars from US defence organisations on the flimsiest evi
dence that there would be any return on investment. Could it be
that even hard-nosed bureaucrats fell under the spell of technologi
cal imaginings?
How else could you explain the Northrop Aircraft Company
believing that the ENIAC computer, which filled a room and drew
174 kilowatts of electricity, could be placed in the SNARK aero
plane to provide the guidance system? What other reason could
there be for the Army Air Force appropriating $10M in 1945 to
employ researchers in unspecified projects under the acronym
RAND Corporation (Research and Development)? Why contract
the Raytheon Company to build a digital computer for sophisticat
ed missile tracking and guidance when the same company already
had been unsuccessful in bidding for prosaic Census Bureau and
Standards Bureau computer contracts?
Whatever the reasons, there is no doubt that air and spacecraft
ultimately benefitted beyond anyone’s expectations. ‘Beyond the
Limits’ is a catalogue of aeronautical technology projects: Polaris,
Project Hurricane, Project Whirlwind, SAGE, Minuteman, Apollo,
X-29, Skylab, Stealth. Since the 1940s, when ENIAC was built to
perform ballistics calculations, computers have been synonymous
with the realisation of the human dream to rise above the earth.
Paul Ceruzzi’s hypothesis is that the development of the aero
nautical industry and electronic computing have driven each other
to greater heights. The first part of this book is a chronology of
examples supporting his case. The latter part explores design and
production techniques (notably CAD/CAM and supercomputing),
simulation and control systems. Surprisingly, software development
is relegated to the final chapter. It might be argued that that really
is at the heart of the aeronautical/computing advances. Overall,
this is a well researched and presented book with numerous archival
photographs to illustrate the text. Anecdote, fact and thumb-nail
biography are nicely interwoven to produce a very readable volume.
However, in reflecting on ‘Beyond the Limits’, there is some feeling
of having consumed fairy floss: there is a sweet after-taste, but only
a little substance remains. Enormous achievements were made in a
mere 40 years of powered flight before the advent of the computer.
Certainly the computer aided further progress and was itself ad
vanced by air and aerospace development.
f
BuUcan’t that same statement be made with the name of any of a
doj|n industries substituted for ‘aeronautical’? Should we then ex
pect to see ‘Beyond the Telecommunications Limits’, ‘Beyond the
Advertising Limits’, ‘Beyond the Cartographic Limits’ appearing on
bookshop shelves shortly?
Roger Price
State Electricity Commission of Victoria

NEWS BRIEFS
“News Briefs" is a regularfeature which covers
local and overseas developments in the compu
ter industry including new products and other
topical events of interest.

CHANGES IN COMPUTER TECH
NOLOGY PROVIDE NEW CHALLENGES
FOR INTERNATIONAL SOFTWARE
DEVELOPERS
Much has been written in recent months
regarding the changes taking place in compu
ter technology and the trends which are being
seen throughout the industry.
The computer industry, like other
component-assembly industries such as the
motor vehicle industry, has now matured into
what can be called the “disaggregation”
phase — the phase in which the industry
separates out into specialised areas, each
supplying different components, such as the
hardware and software elements. However,
with disaggregation comes a demand from
customers that all of the components be based
on agreed standards, thus allowing integra
tion of the different pieces to meet individual
client needs.
Historically, manufacturers and vendors
have resisted this integration, each trying to
build in their own proprietary advantage so as
to lock customers into their particular
hardware platforms and systems. As a
consequence, we find different operating
systems, different computer languages and
different graphical user interfaces and
display systems through-out the industry,
with little if any attention to compatibility.
Because of this, the market demand for
truly interfacing systems and network com
ponents is increasing.
Many companies now use computers for
On-Line Transaction Processing (OLTP) of
company information. The OLTP market is
showing enormous growth and, with this, has
come an increased need for networking sys
tems and applications based on a ‘client/
server’ relationship, allowing the front end
user (or client) to get across to information on
a remote back end computer (or server).
Concurrently there has been a change in
the traditional framework of computer appli
cations themselves. Traditionally, large main
frame computers stored all of the data, per
formed all of the necessary logic sequences
and displayed the resultant information on
‘dumb’ character display terminals. More
recent developments in PC and workstation
technology now make it possible for the data,
logic and user interface functions to be separ
ated and distributed around a network
according to resource availability, with ac
cess to the various functions being possible
throughout the network. An overall im
provement in efficiency can result from such
a distributed or cooperative system and the
industry is therefore moving rapidly in this

direction.
One of the early evidences of the evolution
taking place in software design was the
separating of the database management func
tion from the application code itself. Thus
applications can now be developed inde
pendent of databases yet they interface with
them and can access the data or information
which they contain. This separating of the
data management and logic processing func
tions has enabled further improvements in the
design and functionality of each of these two
areas.
A similar process is now taking place in
which the user interface management func
tion — the function that controls the display,
keyboard and mouse operations with which
the end-user interacts — is being separated
from the logic processing function.
Operators naturally want simpler and
easier-to-use interfaces, which can be cus
tomised to their own particular needs, allow
ing them to have greater, easier and more
flexible control over the functions to be per
formed. Accordingly, the various hardware
and software vendors have been quick to
develop their own graphical user interface
systems or GUIs, with each attempting to
make their particular GUI more ‘userfriendly’ than the next. Thus, in addition to a
host of different computer operating systems,
we now also have a myriad of different GUIs
available in the market. These include such
graphical display systems as Presentation
Manager and Microsoft Windows which can
be used on PCs, OSF/Motif and Open Look
which can be used on workstations, Apple’s
Desktop and many others.
A major problem which has faced business
application programmers in the past is the
difficulty of developing applications using a
GUI environment. They are extremely com
plex to program and the user interface
instructions have/in the past, had to be writ
ten into the code of the application itself,
using numerous intrinsic calls. This has been
further complicated by the fact that the GUIs
developed by the different vendors are com
pletely incompatible. An application there
fore has to be developed either for just one
particular GUI environment, or in different
versions for each of the different GUIs —
obviously a very time-consuming and ineffi
cient process.
The problem of course is that, due to the
need to keep up with advancing technology,
most larger organisations have more than one
kind of visual device throughout their overall
structure. Apart from the fact that they have
different devices using different GUIs, many
organisations still also retain their more tradi
tional terminal-based (non-GUI or non
windowing) systems. The past investments
made in computer hardware and in personnel
skills and training is usually too substantial to
discard lightly and, for this reason, although
PC and workstation based networks are
increasing at an enormous rate, the expansion
of terminal-based systems still continues.

The dilemma facing those involved in the
development of business applications within
large organisations is therefore an obvious
one — how can they develop applications
which can be used across all of their different
systems and devices (whether characterbased or GUI-based) without having to go
through the extremely complex and ineffi
cient process of re-developing the application
code for each system?
Clearly there is a need for a user interface
management system which separates the
development and management of the user
interface from the application code, in the
same way that database management is now
handled independently from the application.
Such a system or tool would need to interface
with both the application on the one hand, and
with each of the many different GUIs or dis
play systems on the other. In this way, an
application code would not need to contain
any of the complex intrinsics which would
normally be required to manage the user
interface.
Now, an Australian company has deve
loped just such a product and is about to
launch it onto the international market.
OpenUI is the name given to this new and
exciting user interface management system.
OpenUI has been developed by Open Soft
ware Associates, a Melbourne-based organi
sation which grew out of the previously suc
cessful Australian Software Operation (ASO)
of Hewlett-Packard, disbanded when
Hewlett-Packard took an international deci
sion to move out of softwre development
tools.
Now independently-owned by the man
agement and staff, Open Software Associates
has focused its developmental work on pro
ducing a user interface tool that is totally
vendor independent. OpenUI is the result.
Using a simple WYSIWYG point-and-click
building technique, OpenUI allows applica
tion developers to simply and easily — and
amazingly quickly — construct user interfa
ces for their applications which, once con
structed, can immediately be operated across
multiple different display devices — irrespec
tive of the computer operating system, the
computer language or the GUI that is used.
Once developed for one GUI environment,
the user interface can be used across other
GUIs without(the need for re-development.
Importantly, whether the display system used
is MS-Windows, OSF/Motif, Presentation
Manager, Open Look, Apple Desktop, or
even traditional character terminals or non
windowing PCs, user interfaces developed
using OpenUI will perform with the particu
lar characteristics typical of that display sys
tem. This therefore minimises the need for
extensive re-training of staff. Past investment
in older hardware systems is also protected, as
applications developed using OpenUI can be
used across both old and new systems.
In addition, because OpenUI operates
independently from the application code,
modifications and changes can be easily
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made to the user interface, to meet the needs
of end-users, without interfering with the
application itself.
Given the current trends in the interna
tional computer marketplace, Open Software
Associates is understandably most optimistic
as to the future of OpenUI; and the manage
ment and staff are fully intent on maintaining
their position as Australia’s largest volume
software exporter, a position they acheived in
1990 under the previous ASO banner.
Already, Open Software Associates has
opened an office in Europe and the official
international unveiling of OpenUI took place
in Hanover Germany, during mid-March, at
the worldwide CeBIT’91 information and
telecommunications conference.
There is no doubt that, with the current
trends taking place in the computer industry,
Open Software Associates appears to be sit
ting on a potential winner with its new pro
duct OpenUI.
COMPUTER SYSTEMS VULNERABLE
Sophisticated communications networks are
the lifeblood of modern organisations but
present an entirely new range of security and
management challenges.
Director of the Information Security
Research Centre at Queensland University of
Technology, Professor Caelli, has warned
that individuals and organisations make two
basically wrong assumptions about commun
ications networks.
“They assume that a voice and data net
work service is always going to be available
when they need it, and that information pass
ing through the network is confidential and
has not been tampered with,” he said.
Professor Caelli said it was harsh reality
that both assumptions were not only wrong
but potentially threatened an organisation’s
survival.
“The longer we cling to these assumptions
the more vulnerable our organisation
becomes and the impact of loss or comprom
ise of the network on a customer is direct,
immediate and can be catastrophic,” he said.
“Organisations need people who appre
ciate the importance of networks to an organ
isation, people with the skills and understnding to manage network resources efficiently
and effectively.”
Professor Caelli said the centre offered a
modular program of courses to cater for the
training needs of organisations and individu
als, ranging from one-day courses to formal
qualifications.
A second series of courses was about to
begin as part of the innovative Graduate Cer
tificate in Information Technology (Data
Security).
The first course dealing with management
and technical issues of information security
was conducted at the centre in March this year.

Professor Caelli described it as an outstand
ing success which attracted participants from
interstate and overseas.
UNIVERSITY ARM’S UNIQUE
TRAINING COURSE PROVIDES BEST
JOB OPPORTUNITIES WITH
GRADUATES
In today’s precariousjob climate one training
organisation has an enviable unprecedented
track record of 100% job placement in the
field of technology information.
All graduates of The Informatics Insti
tute’s “Certificate in Business Computing”
course, have found employment or gone on to
continue their University studies — providing
a viable answer for skilled professionals for
industry and vocational fulfilment for the
enterprising individual alike.
The Informatics Institute is the informa
tion technology training arm of the Wollon
gong University’s entrepreneurial Illawarra
Technology Corporation, which provides
campuses in the City (Sydney) and at Wol
longong University.
The “Certificate in Business Computing”
is one of the specialist courses that is pres
ented and awarded by the Institute.
This course meets the needs of expanding
industries by providing a practical and tho
rough course which produces good computer
programmers with up-to-date experience in a
relatively short period of time.
In addition, it is unique in being accredited
by the University of Wollongong ie the course
grants advanced standing into the Bachelor of
Commerce (Business Systems Analysis)
Degree at the University.
The Informatics Institute co-operates with
industry and commerce to establish, maintain
and develop appropriate programs.
Developed by the Institute in conjunction
with the Faculty of Commerce of the Univer
sity of Wollongong, additional course
refinement and input comes from members of
large business to ensure the cpurse’s validity
and effectiveness in today’s changing world
of industry.
The course consists of a classroom phase
where the student completes the first six units
of the course and an additional compulsory
on the job industry work experience phase for"
the remaining two units. The Institute places
the students in an organisation which can
provide relevant work experience, which
greatly assists the graduates with employ
ment prospects.
The course can be studied either full-time
for 18 weeks, five days per week or for 36
weeks with five half days per week. A parttime study program is also available, but in all
cases candidates must first sit a programming
aptitude test.
As an alternative, any or several of the first
six units can be studied as individual modules.
The full-time course cost is $7,900 and
$1,000 per unit for part-timers.

Murdoch \

CHAIR IN COMPUTER
SCIENCE
SCHOOL OF
MATHEMATICAL AND
PHYSICAL SCIENCES
Ref: 0865
Applications are invited for the Chair
in Computer Science within the
School of Mathematical and Physical
Sciences. The successful applicant
will hold the position of senior
academic in the Computer Science
Programme, which is one of six
Programmes in the School.
The Computer Science Programme
is well established with fifteen
academic staff. It offers a range of
undergraduate computing courses
in both Computer Science and
Information Systems and also
handles students at the three levels
of Honours, MPhil and PhD. The
current major research areas of the
staff include software engineering,
parallel computing, databases,
image processing, information
systems, computer graphics and
programming languages.
Applicants, who may belong to any
area of computer science, are
expected to have an international
research reputation and a
commitment to teaching. Experience
in administration at a senior level
would be an ad vantage. The position
is available from 1 January 1992 or
as soon as possible thereafter.
SALARY RANGE:

$A67,812 per annum
A market loading may be negotia ted.
for an outstanding candidate.
Conditions of appointment include
superannuation, long service leave,
access to outside studies
programmes, payment of fares to
Perjh for appointee and dependants,
removal and settling-in allowances.
There is no prescribed application
form. Applicants are invited to
submit a full curriculum vitae in
duplicate supported by an
appropriate letter including the
names and addresses of three
referees.
Requests for further information
should be sent to: The Chief Personnel
Officer, Murdoch University,
MURDOCH, WESTERNAUSTRALIA
6150.
Tel: (09)3322283.
Applications in duplicate should reach
the Chief Personnel Officer not later
than Monday 30 September 1991.
Murdoch University is an equal
opportunity employer

