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Reuse will increase the quality of our computer systems
and staffproductivity during development and mainte
nance phases. Reuse does not occur for free — we must
manage the costs of creation, usage and support, along
with changing our practices so that reuse is not just part
of an utopian vision but a day to day activity throughout
the development process. Measurement of reuse levels,
staff trained and/or specialising in reuse, software support
for the process of reuse and economic models to justify
reuse are a few tools available in breaking down the
barriers to reuse.
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1 INTRODUCTION
Software reuse refers to the use of artefacts of the
development process or development knowledge more
than once. Through reuse, people in the software indus
try can produce software of a higher quality, improve
the rate at which they produce systems, and ease some
of the burden of maintenance. These are the main bene
fits of reuse.
However, these benefits come at a cost. Successful
reuse requires work to be done upfront for gain later. Work
done previously with little thought for reuse is unlikely to
match current needs well, causing some work to be
redone. To gain the full benefit of reuse we need to create
components that do not have to be significantly reworked
every time they are used (Barnes and Bollinger, 1991).
This means changes in how people work and how soft
ware development is funded.
The major difference between reuse costs and normal
development costs is that many of the costs of reuse can
be shared between projects, departments and across com
panies (by purchasing libraries from other companies).
Artefacts of the software development process
include code (e.g. routines, classes), algorithms, designs,
requirement specifications and test cases. Reusable com
ponents are artefacts that have been prepared for use in
the future. This preparation includes generalisation, test
ing and documentation.
As artefacts and components can come from any part of
the software development lifecycle (including mainte
nance), reuse should be considered in each phase of the
lifecycle. Reuse in the earlier stages of the lifecycle leads
to greater opportunities for reuse later.
Selecting the correct artefacts for conversion to compo
nents is easy. A systematic way of selecting what compo
nents to create is needed (Isoda, 1992) otherwise you can
create many components that are of little use in the future.
Domain analysis is crucial to determine which compo
nents are likely to be required for multiple systems, and
hence are good candidates for creation. Where and who
creates components has implications for which compo
nents are created.
This paper is divided into seven sections. The
paper starts by discussing various types of reuse, then
examines the benefits and costs of reuse. A discussion
on building a reuse culture follows, along with ideas
on when to create the components and how this
affects distributing the costs. The final two sections
cover return on investment models and measurements
for reuse.
2 TYPES OF REUSE
Reuse occurs using a wide range of interrelated meth
ods, which have varying implications for the costs, ben
efits and measurements of reuse. Five types of reuse are
identified below.
1
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Verbatim reuse (Bieman, 1991) (called “reuse by
instantiation” in (Kennedy, 1992)), refers to the use
of a component without making any changes. It is
suitable for reusing code, test cases, and design,
although the verbatim reuse of design may also be
reuse by generation with respect to code. It can occur
at a fine grained level with the reuse of a small class
from a class library (e.g, a stack) or by calling a
function from a numerical analysis library, or at a
large grained level such as using a UNIX utility
through a pipe.
Reuse with modification (considered “leveraged reuse”
in (Bieman, 1991)) has traditionally been a very com
mon form of reuse. Artefacts or components are modi
fied to suit a new environment, with any changes made
to the original use not automatically flowing to the new
use, as there is no routine way for incorporating the
changes in the new use. It is possible to do this for any
sort of artefact or component.
Reuse by derivation (Kennedy, 1992) (also included
in “leveraged reuse” in (Bieman, 1991)) allows tai
loring of a component for a new use without modi
fying or duplicating the original component, main
taining some form of link to the original component.
Changes in the original component do flow automat
ically to the new use. The most common occurrence
of reuse by derivation is both code reuse and small
scale design reuse through inheritance in object ori
ented systems.
Meuse by example occurs where a pattern or template for
mat is used to define the overall structure of the part or
system and the software developer customises the
implementation details. This type of reuse is closely
linked with generative reuse. Reuse of design, such as
using the design patterns in (Gamma et al, 1994;
Coplien and Schmidt, 1995), is often done using reuse
by example.
Reuse by generation occurs when the use of a component
or programming environment generates part of a sys
tem. It is often the outcome of reusing designs in an
software development tool — for example, a design is
selected and either used as is (verbatim reuse), or cus
tomised to a situation (reuse by example) and then
source code is generated. For example, some report
generators allow a user to setup a standard report, and
after that users may create a new report by varying
which database fields are reported on and regenerating
the report code.
To illustrate how these five types of reuse interrelate,
consider two popular ways of developing (and enhancing)
software which give high levels of reuse — frameworks
and development environments (which often contain
frameworks). Both of these use more than one type of
reuse.
2

Frameworks, such as MacApp (Schmucker, 1986),
incorporate both verbatim reuse and reuse by derivation.
Variable parts of the system are created by inheriting from
existing classes (reuse by derivation) or by creation from
scratch. Sections of the framework are used untouched
(verbatim reuse).
Development environments use more than one compo
nent in a prepackaged manner to create new software.
These environments usually make use of reuse by genera
tion, reuse by derivation and verbatim reuse, embedding
the reused portions of code in a generated system, and/or
making use of shared run time libraries for functionality,
particularly for user interface components. In domain spe
cific environments the key component of reuse, the
domain and design knowledge, may not be readily appar
ent. These environments include large reuse tools such as
Ithaca (Bellinzona et al, 1993) and the specialised devel
opment kits being developed in Hewlett Packard (Griss
and Wentzel, 1995).
3 BENEFITS OF REUSE
The three major benefits of reuse are improvements in
quality, increased productivity in development and a
reduction in maintenance.
3.1 Quality
A highly reusable component is likely to be a quality com
ponent, as many aspects of quality (e.g. robustness, adapt
ability, completeness) are required for successful reuse
(Pittman, 1993).
One aspect of quality from a user’s perspective is con
sistency. The reuse of interface components in multiple
systems reduces the learning time required for users to use
new systems (Constantine, 1992). The consistency of the
interface due to the reuse of the low level interface compo
nents found in the Toolbox is a feature of the Apple
Macintosh interface. This consistency has appeared in
other Windowing environments.
User interface design knowledge can be incorporated
into a user interface toolset and/or framework, allowing
less experienced programmers to design better interfaces
using the built in guidelines, although this is no guarantee
that any user interface designed with such tools will be
pleasing to the user. I ike any tool, they can be misused.
3.2 Increases in ’Productivity
An obvious benefit of reuse is saving time and money
through using existing work. Assuming that the time to
find and incorporate a component is less than the time
required to create die corresponding functionality, then it
will take less time u> complete work using the component,
giving greater human productivity and a reduced develop
ment time. The reduction in effort can be used to shorten
lime to market (Lim, 199-1) t»r to buPd systems with
increased functionality.
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3.3 Reduction in Maintenance
Verbatim reuse or reuse by derivation simplifies the main
tenance work required for fault correction and for func
tionality increases. Defect fixes accumulate through the
components being used in multiple systems (Lim, 1994).
This is due to the increased use leading to more defects
being discovered in a fixed period of time and a correction
in one system becoming a fix for all systems. As function
ality is added to a component for one system, the
increased functionality is made available to other systems
using the component. Reuse by generation can take advan
tage of these benefits only after the generated systems
have been recreated, unless the fault is in a library that is
replaceable without rebuilding.
When components are updated there is often the need
for testing of the updated components in all the affected
systems, particularly for reuse by derivation or reuse by
generation.
Reuse which may not give reduction in maintenance via
assimilation of defect fixes, such as the use of design pat
terns (reuse by example) can still give a reduction in main
tenance due to the increases in quality. Reuse by modifica
tion gives the least reduction in maintenance or increases
in quality, and so is recognised as the least preferable form
of reuse.
4 COSTS OF REUSE
Monetary and time costs are incurred for each stage in the
reuse process. There is a cost in creating or purchasing
reusable components, in searching for suitable compo
nents, in adapting components where required, in using the
components and in supporting component use (Margono
and Rhoads, 1992).
These monetary costs must be financed, either by allo
cating costs to projects when they occur, by sharing costs
(e.g. charging for reusable components), or by funding the
costs out of profit margins. In the initial stages of fostering
reuse, it may be necessary to share components within a
company for free to help overcome resistance to reuse,
although some groups only value what they pay for — an
argument for putting a monetary value on a component.
If it costs more to find and incorporate a component than
to create and maintain a new component to the same stan
dard of quality, it is not economic to reuse this component.
4,1 Costs of Creation or Purchase
The costs of creation include the costs of procuring the
basis for the component (e.g. previously written code), the
generalisation process where a component is made applica
ble to many situations, and the testing and packaging of a
component (such as writing documentation). The cost of
generalisation, testing and packaging varies with the nature
of the components and the levels of testing and documenta
tion required for the project. An examination of a large
scale Ada project found a doubling in the cost of creation
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 31, No 1, FEBRUARY 1999
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between a reusable component rather than an ordinary
component (Margono and Rhoads, 1992): others consider a
lower level (e.g. 50% (Taylor, 1992)) to be reasonable
assumption, while others found a higher level (Favaro,
1990). In (Brooks, 1995), the cost is estimated to be three
fold.
When component libraries are sourced from outside a
company, then these costs are combined in the overall
purchase price. Additional costs include the expenditure
of time and money involved in evaluating competitive
library products.
4.2 Costs of Using the Components
There is a cost in merely using a component. It has been
estimated that there is about a 10-20% cost to integrate
reusable components (Margono and Rhoads, 1992; Lim,
1994). This percentage would probably not apply to situa
tions where a high level of reuse by generation occurs. In
addition, there is the cost of supporting the components.
Using a component requires time to search for and to
comprehend components so that a selection can be made.
To minimise this cost, a catalogue system, either paper
based or online, can be used to aid searches, and some of
these systems also help in comprehending the component.
Some examples of these systems are given later. The
maintenance of such a system increases the support costs
but this can be recovered over multiple reuses, whereas the
time spent searching for an elusive component cannot.
There is a slight problem when using a reusable compo
nent that errors will occur due to misusing a component,
e.g. passing the wrong parameters to a routine. This occurs
because people do not understand the components that
they are using. These errors are picked up during testing,
but they are part of the cost of using a component. This
problem can be reduced using software contracts, such as
the preconditions and postconditions supported by Eiffel.
Costs associated with supporting components include
tracking usage, making updates available to users, educat
ing new users about the components, fixing faults in com
ponents and adding functionality. These costs are applica
ble to any form of reuse, apart from completely ad hoc
instances of reuse by modification.
If the components were purchased from outside the
company, then the costs of fixing problems or improving
components lie with the component vendor, often being
paid for by upgrades.
5 BREAKING DOWN THE BARRIERS
There are many barriers to reuse. Some readily identifi
able barriers are the Not Invented Here (NIH) Syndrome,
the lack of reusable components, the need to use
resources efficiently and therefore the concern that
resources will be wasted creating components that are
never used along with a perception that project staff are
too busy today to create for the future, and the difficulty
3
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in sharing the costs equitably,
A major change that is needed is a change of mindset to
believe that reuse is worthwhile in the long term and hence
a determination to support reuse and a willingness to look
to previous work for other ideas rather than wanting to
invent the best solution ourselves. For example, there is
often the perception that there is not the time to create the
components, just as there is not the time to do documenta
tion or code reviews. These things happen when we make
the time.
The current interest in reuse is an indication that this
change of mindset has started to occur. Underpinning
these shifts in thought are changes to team structures, edu
cation programs, tools that allow easier selection of
reusable components, ideas on how to select which com
ponents to create and ways to distribute costs.
5.1 The Not Invented Here (NIH) Syndrome
People often believe they can build a better system than
that which other people have already built. This is often
due to developers not trusting another person’s work or a
belief that previously built systems were “too different” to
the newly required system.
Reuse education is a key to breaking down this syn
drome. Quality procedures, programming by contract
(Meyer, 1988), competitive evaluation of components
(Pittman, 1993), and documentation stating the strengths,
weaknesses and known uses of components can all build
confidence in components.
This syndrome may not be as strong as it was thought
to be in the past (Frakes and Fox, 1995).
5.2 Team Structures
As developers work in various team structures, and reuse
has to occur within the structures, it is important to consid
er how your teams are organised with respect to reuse.
There are two major forces to be resolved when organising
the structure — the need to create appropriate parts and
the need to find time to create the parts (Joos, 1994).
There are a number of different ways of structuring
staffing with respect to reuse processes (Fafchamps,
1994; Goldberg and Rubin, 1995) but they can be
grouped three ways.
5.2.1 No Specialised Staff
Everybody creates and everybody utilises reusable compo
nents. Either the responsibility for building components is
shared between multiple teams on a formalised basis, or
staff create as they or their team considers appropriate. A
formal basis should be used where possible.
This structure has the least management overhead, and
can be used once reuse has become an integral part of
development. It has the least obvious structure for reuse
and if reuse is not yet part of the developers day to day
activities, then without some other tactics (such as
4

rewards, education campaigns, emphasis within a set lifecycle structure), it is likely that reuse will not be highly
utilised in most organisations.
5.2.2 Reuse People in Ordinary Teams
One or more people in a team are denoted as the reuse
staff. These people may be the reuse staff for one team or
multiple teams — the linking-pin person of (Thomsett,
1990). The reuse people from multiple teams may make up
a reuse group. If the person is part of a reuse team as well
as a general team, then the line of reporting (to managers)
can become complicated. This may not be a problem for
environments that use matrix management effectively.
5.2.3 Specialised Teams
In (Griss, 1995), the author states that the most effective
reuse organisational structure he has found has four kinds
of teams: creator team(s), utiliser teams(s), a support team
and a management team.
This structure suffers from the highest danger of creat
ing components that will not be useful for teams that are
building the “real” products (that is the products that the
company sells or requires to do business). This is where
the management team is used to the guide the various
teams.
Looking to the future when reuse is a “way of life”, the
complexity of the work required to support reuse may
determine that it is never possible to completely eliminate
the reuse support staff, at least in companies that have
large numbers of development staff. The work needed to
ensure that a corporate reuse repository is used appropri
ately (e.g. components classified correctly, helping new
users find their way around the repository), the distribu
tion of information on what is available, along with the
need for strategic development for future products will
require some staff, although not at the same levels that
may be needed to launch large scale reuse. Whether these
staff members exist as reuse staff in ordinary teams or as
specialised “strategic” teams is probably more related to
the general management structure within the company.
The role of the reuse person within a development team
may subside to a secondary role located within a develop
ment project, similar to the role of the person responsible
for ensuring that the group build goes ahead on schedule
(an important role but one that may be shifted between
various members in a team and not one that absorbs all of
the person’s time).
5.3 Management of Components
As the size of your component pool increases, the compo
nents will need to be managed either on a department level
or on a company wide basis, otherwise there will be prob
lems with lost components, multiple versions of compo
nents, confusion as to who is responsible for fixes —
many of the common problems found when developing
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 31, No 1, FEBRUARY 1999
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software in a team environment reappear in component
management and must be managed otherwise the work
done to create the components will be lost. Software used
to manage a corporate reuse repository should include
revision control, storage and distribution mechanisms.
5.4 Helping People Find Components
Once there are enough components to increase reuse levels
significantly, it will become difficult for developers to find
components without a support system (Gibbs et al, 1993).
A library tool which catalogues components and has com
prehension facilities will help to reduce the time required
to select a component for use. At the simplest level the
tool could be a paper catalogue which is updated manually
by a specific staff member and distributed periodically.
The other extreme is an online catalogue system including
online documentation of each component, which is inte
grated with the development environment.
There are four major techniques used for representing
software, which require having varying levels of human
intervention to use (manual classification).
Enumerated classification schemes have a hierarchical
list of terms, working from some high level terms
which divide up the universe of interest and breaking
them down into specialised subjects. An example of an
enumerated classification scheme is the Dewey
Decimal system used in libraries.
Faceted classification uses a controlled vocabulary and a
fixed set of facets (similar to attributes) to classify a
component. For example, one scheme (Prieto-Diaz and
Freeman, 1987) used a classification scheme of func
tion, object, version> to characterise components. A
scheme developed for object-oriented components was
developed for the REBOOT project (Sindre et al,
1993). The concept of faceted classification also came
from library science (Ranganathan, 1967).
Attribute-Value classification consists of describing a
component by entering a value in a set of fixed attribute
fields. There are typically many more attributes in this
scheme than facets in a faceted scheme. This may be
done using a combination of software generated values
and manual classification.
Keyword schemes use either controlled or uncontrolled
vocabularies to describe components using any number
of keywords. This can be done automatically from the
component documentation.
The enumerated scheme is easy to use in a paper based
system initially, but it may not scale well to large reposi
tories. It suffers from the need to define the structure in
advance and so it can be difficult to add new terms,
whereas a faceted scheme is designed for new terms to
be added, so should be favoured for large software repos
itories or for repositories for which you cannot predict
their components in advance (which is the normal case).
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 31, No 1, FEBRUARY 1999

Both schemes are reliant on manual classification.
A study of these four methods (Frakes and Pole, 1994) did
not find any significant differences in search effectiveness
or any clear user preferences. Whether these results are
applicable to large collections is not known.
Other catalogue and retrieval techniques such as behav
ioural based sampling and retrieval (Podgurski and
Pierce, 1992) have been explored but there is a lack of
data comparing these systems with other previously list
ed classification methods, or evidence of scalability of
these methods. Most test results (for any of the tech
niques) available to the public cite samples of 12 to 120
components, which is small compared to the large corpo
rate or industry shared repositories.
6 WHEN TO CREATE
Selecting the appropriate time in the development lifecy
cle to create reusable objects has implications for whether
or not reuse will occur and how the costs of creation are
distributed. There are four models that specify when a
component is created: the end-lifecycle approach, the GC1 model, the two-library model and the alternate cost
centre model.
The costs (both in money and in time) of creating and
supporting reusable components is tied to the group that
creates and/or owns the component. In many cases this
will be the same group. Although the costs may be recov
ered by charging other groups that use the components,
this will not start to distribute the costs until the compo
nent is reused.
The end-lifecycle approach does all the component cre
ation at the end of a project. Typically the cost of cre
ation would be absorbed by the project, giving all the
cost for no immediate return, unless the costs for this
phase were specifically funded from another company
or departmental wide budget.
The G-Cl model (Menzies et al, 1992) also allocates the
cost of creation to the projects that create reusable com
ponents. The G-Cl model advocates creation of compo
nents throughout the development process. This model
also allocates the cost of creation to the project, giving
all the cost for no immediate return, unless the costs for
this phase were specifically funded from another com
pany or departmental wide budget. However, in this
case, the project may gain benefits due to the extra
work required to make a generalised component —
increased maintainability and functionality due to more
testing, better documentation and the greater level of
design work that has been put into the component.
The two-library model (Henderson-Sellers and Pant,
1993) shares the cost by making the project that first
reuses a component responsible for the costs incurred in
5
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converting an artefact to a component. Code (in the
paper the authors specify classes) that may be reusable
are placed in a library. When it is wanted for reuse, the
code is converted to generalised code and moved into a
second library. This principle can be extended to all
types of components.
The alternative cost-centre model (Henderson-Sellers
and Pant, 1993) is based on having a separate group
that does the work of creating components and hence
absorbs all the costs. This group runs at a loss until the
components that they create are used by other groups,
who are charged for using the components.
Both the G-Cl model and the two-library model have
the advantage that only required components are created
— not components that will never be reused. The alterna
tive cost-centre model can have a similar effect if man
aged properly.
7 RETURN ON INVESTMENT
Return on Investment (ROl) is important in providing eco
nomic justification for reuse. In essence, an ROI model
balances the financial costs and savings of reuse, possibly
with a factor considering the change in the value of money
over time. The ROI should be a positive value, with the
savings outweighing costs eventually, otherwise reuse is
not considered cost effective.
The time taken to recover component costs will vary
from company to company, and within different areas of
the same company (Lim, 1994). For example, a software
house that builds customised data management systems
within one industry can recover the costs of building a
robust, configurable framework very quickly compared to
a company which does a few large projects that have very
little design in common. Companies will gain a return on
their investment faster if the components selected for cre
ation are reused often or if an individual reuse gives a con
siderable saving (Barnes and Bollinger, 1991).
Many of the models published (Gaffney and
Cruickshank, 1992; Margono and Rhoads, 1992;
Henderson-Sellers, 1993) are complicated due to the
many costs that go into the creation of a reusable compo
nents, systems in general and the distribution of costs
over multiple projects and the discounting of money over
time. Some, such as (Poulin and Caruso, 1993), give a
corporate and a project model, with the latter ignoring
time factors.
As with most economic models, the current ROI mod
els should not be used as the sole indicator of whether or
not reuse is economic. The quality benefits of reuse are
captured in the model if the savings estimates are based on
creating software of the same quality as the reusable com
ponents (which may not always be the case). The models
do not factor in the benefits of reaching the market with a
product faster, which may mean the success or failure of a
6

product. Both quality and time to market can impact
strongly on the long term profitability of a company.
8 MEASURING REUSE
Measurement allows companies to determine the current lev
els of reuse, helps in improving reuse processes and is need
ed for testing the claim that reuse is an economic benefit.
Reuse measurements fall into two groups — those that
measure the levels of and outcomes of reuse, and those
that measure the characteristics of reusable components
that help reuse. The latter can be used to develop heuris
tics for how reusable components should be designed, or
as indicators of current code that may be good candidates
for reuse. These latter measures of reusable components
are not covered in this paper.
Very little measurement of reuse is done currently
(Verschoor and Low, 1994; Frakes and Fox, 1995)
although most reports on reuse in organisations do make
reference to their percentage levels of reuse. The actual
meaning of this percentage is not usually defined, so it is
difficult to judge their results. One group of measurements
that have been defined are from within IBM, with many of
the basic observable elements being based on lines of code
(Poulin and Caruso, 1993). This paper carefully docu
ments what is and is not considered reuse in the context of
these measurements; for example, in the counts of two of
the measures, only the first use within a development
group is counted, as the values are used primarily for
determining reductions in cost and effort.
This section will discuss measuring the benefits of
reuse, the quantity of reuse and errors due to reuse.
8.1 Measuring Benefits of Reuse
The major benefit of reuse is a drop in cost in creating sys
tems. If a company has an acceptable way of estimating
costs, then at the beginning of each project, an expected
cost without reuse can be calculated and later compared to
the cost with reuse (Barnes and Bollinger, 1991). Care
needs to be taken with this since estimating costs is notori
ously difficult, and the savings made may be used in
adding more functionality to the product.
As reusable components should have a lower level of
defects than new code, the level of defects in a system
built using many reused components should have less
defects. Any standard measure for comparing numbers of
defects between systems may be used.
8.2 Measuring the Quantity of Reuse
Most measurements of the amount of reuse done in a pro
ject consider the reuse of code, which may only be a frac
tion of the overall effort. Values calculated for code should
be considered in the context of the total development and
maintenance efforts.
Measures of reuse should be consistent with other devel
opment measures used within the organisation. If time of
development estimation is done using the number of objects
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expected to be built for a system, then consider using a
count of the number of reused objects in a new system.
Three possible measures of components are:
Components Percentage: % of system components that
are reused, grouped by reuse type.
Calls Percentage: % of calls to components which are
reused, grouped by reuse type.
System Percentage: % of new system which is a reused
component or generated.
The first and second measures can be measured for
each type of reuse although it is best to concentrate on
measuring verbatim reuse, reuse by derivation, reuse by
example and reuse by generation as reuse by modification
is not only harder to measure objectively (as it involves
trying to track fragments of copied artefacts from system
to system) but as the type of reuse with the least benefit
for maintainability, it should not be the major focus of
attention. The third measure is a summary measure for the
whole system, incorporating all types of reuse. These mea
surements would be easier to apply to code or test case
reuse, rather than to design.
The Components Percentage can be based on a unit of
bulk. If the quantity of the unit reflects development effort
then the measurement is an estimate of development time
saved. One common measure of bulk is lines of code
(Taylor, 1992). However, depending on how the compo
nents are imported, there may be large amounts of reused
code which are never used by the application. If a third
party library is used, it is difficult to determine how much
of the library is actually being used, and if the library is
from a third party, then the source code may not be avail
able. Measures based on size of executable code are sus
ceptible to the same problem.
One of the promising ways of reusing components are
formats that allow components written in many languages
to be compatible when executing, for example CORBA,
OLE. Any measure based on source code will be difficult
when the language varies.
Making judgements based on measuring the number of
components assumes that on average, all components are
equal in size, in cost and effort to build. This is one of the
easiest measures to collect, but may have the least signifi
cance of the measures listed.
The Calls Percentage is an attempt to measure the
importance of a reused component to a system rather
than the size of a component, as well as eliminating the
biases of unused code. Measuring the number of calls
can be done dynamically or statically. In languages with
polymorphism, it may be difficult to determine which
components are being called. With dynamic measure
ment, the calls are collected as they are made, so that a
component with a few services that are called many
times will have a higher call count than a component
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 31, No 1, FEBRUARY 1999

with many services that are only called once or twice. A
dynamic percentage can give a rating of the importance
of the reusable code.
The System Percentage could be either of the two pre
vious percentages, based on any type of reuse of interest
(probably excluding reuse by modification). A Weighted
System Percentage could be built from the various types,
combining the values for the various reuse types with dif
ferent weightings, according to the importance placed on
the various types — most importance placed on verbatim
reuse and reuse by derivation and the least (if any) placed
on reuse by modification.
8,3 Measuring Errors Due to Misuse
As mentioned in the section Costs of Using the
Components, errors can arise due to misunderstanding the
functionality and specification of a component. This can
indicate that the documentation for the components may
be inadequate. When software faults are analysed for the
source of error (as part of ongoing management of mainte
nance and quality improvement), a distinction should be
made between these and other errors to help determine if
such a problem exists.
9 CONCLUSION
The benefits of reuse are many: improvements in quality,
increases in productivity, reductions in time to market and
an easing of the burden of maintenance.
The costs involved in reuse include the costs of creation
or purchase of reusable components, finding a suitable
component amongst a collection of components, adapting
a component for use and general support costs. The costs
of creation, purchase and some support costs can be shared
over the multiple uses, and when the cost to reuse a com
ponent combined with the proportional shared cost
becomes less than the cost of creation then there is a posi
tive return on investment.
Care should be taken to create components that are use
ful in the future. This can be done by determining creation
based on current or immediate future needs by a combina
tion of domain analysis and communications between
groups, possibly supported by models such as the twolibrary model.
Distributing the costs of component creation across pro
jects, combined with a change in culture to ensure that
components are reused and measurement to pinpoint areas
for improvement leads to progressively building better
quality computer systems which are less costly to produce
and maintain.
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This paper presen ts the results of a survey of members of
the Australian Software Metrics Association which was
carried out to establish the state ofpractice of software
metrics in Australia. The mailed survey asked for data on
the extent of collection of metrics in ten categories cover
ing software size, organisational characteristics, effort,
quality, structure, productivity and resources. It was found
that there is very little use ofproduct structure metrics but
high use of software size, effort, and quali ty measures.
There is a suggestion in the data that the metrics collected
are focussed at the project level rather than at the process
level, suggesting that metrics for project control are com
mon but metrics for process improvement are not.

Editors David Wilson
INTRODUCTION
Towards the end of 1995, the Centre for Advanced
Empirical Software Research (CAESAR) at UNSW car
ried out an Australian survey of the State of Practice in the
use of software metrics. The analysis of the data and the
presentation of the results from that study were completed
in 1996. This report provides a summary of the findings of
the Australian survey and of the data received from the
feedback sessions that were conducted with the members
of the Australian Software Metrics Association from the
branches in Sydney, Canberra and Melbourne.
The survey used a mail-out questionnaire to all members
of the Australian Software Metrics Association (ASMA). At
the time there were 343 members of the Association com
prised of 236 corporate members and 107 individual mem
bers. Of these there were 196 distinct organisations repre
sented which included consulting organisations. It should be
noted that many of the members of ASMA did not have
their own metrics program as they were not necessarily in
the business of developing and maintaining software, but
may have had an interest in software metrics nevertheless.
The implication of this is that the population from which we
were surveying was considerably less than the total mem
bership of the association. Forty-nine questionnaires (25%)
were returned. Following the initial analysis of the data,
public seminars were held with ASMA branches in Sydney,
Canberra and Melbourne in order to receive comment on
the findings of the survey and to seek additional insight into
these findings from the people who had in many cases been
responsible for providing the data. Where appropriate these
comments have been incorporated into this report.
The paper first presents an analysis of the survey popula
tion to provide a context in which the analysis of the
responses can be placed.
Figure 1 shows the State from which the respondent
organisations came. Roughly half of the respondent organ
isations came from New South Wales, whilst a significant
number of respondents came from Victoria, ACT and
Queensland, and a lesser number from Tasmania and
South Australia.
Respondent organisations represented a broad cross sec-

TAS 2%
SA 2%i
C LD 8%~
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NSW 52%
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Figure 1. Survey Respondents by State
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tion of industry types. Figure 2 shows the range of indus
tries and the corresponding percentages of respondent
organisations for each industry. The most common indus
try types represented were IT and government depart
ments. Figure 3 shows the organisations grouped by size,
the modal value being greater than 3,000 employees and
the median value being 2,000 to 2,499 employees.
Figure 4 shows the distribution of the number of
employees in the organisation against industry type. The
larger organisations were in communications, IT manufac
turing and in government as well.
The number of employees involved in software develop
ment and maintenance at each organisation ranged from 3
to 1,800. Figure 5 shows the percentages of employees
involved in software development and maintenance
against the respondent organisation. The mode for the
sample was 50, the median was 50 and the mean was 262.

1500-1999 people

'

2500-2999 people

2000-2499 people

>

Number of employees in the organisation
Figure 3. Organisational Style

Number of employe*
□ >3000
02500-2999
02000-2499
Q1500-1499
□ 1000-1499
0500-999
□ <499

□ Missing

Industry
Figure 4. Number of Employees by Industry
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Figure 6 shows the number of employees in the IT group
against the different industry types. It is evident that gov
ernment departments, banking and IT industry types show
the largest spread of the number of employees working in
the software development industry.
SURVEY STRUCTURE
All members of ASMA were sent a letter asking them for
assistance in the study. They were provided with data col
lection forms which asked for details of the metrics that
their organisation collected. In addition they were asked to
detail information concerning the nature of the metric col
lection and the reporting of those metrics.
The survey form categorised metrics according to ten
thematic categories. These were :
1. Effort
2. Size
3. Coupling
4. Cohesion
5. Modularity
6. Quality
7. Data Structure
8. Complexity
9. Productivity
10. Resources
Respondents were asked to indicate the:
- metric collected,
- life cycle phase at which the metric was collected,
- source of collection,
- rate of collection, and
- rate of reporting of the metric.
For many of the metric categories the respondents were
provided with a list of possible metrics to consider. They
were also able to provide other metrics which they cap
tured but which we had not listed on the survey form.
The phases of the development life cycle where defined
as consisting of eight separate phases from requirements
definition through to operation and maintenance.
The source of collection referred to whoever collects the
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 31, No 1, FEBRUARY 1999

Figure 6. Employees in IT Group by Industry

measurement for a particular metric. Respondents were
asked to select from programmer/analyst, team leader,
management, or automated tool.
The rate of collection was reported as: by event, daily,
weekly, fortnightly or monthly.
We used the frequency of measuremen t statistic to calcu
late a metrics adoption score which was defined as a sim
ple sum of the rate of reporting for each of the metrics col
lected. For example, in Table 1, we show that Organisation
1 collects metrics 1,2 and 3. Metric 1 has a rate of report
ing of monthly (weight 3). Metrics 2 and 3 have a rate of
reporting of weekly (weight 5). Organisation 2 has a
weight of 4 (fortnightly) for metric 1 and weight 6 (daily)
for metric 2 and 3. This results in a metrics adoption score
of 16 for Organisation 2 and a metrics adoption score of
13 for Organisation 1. This metric method attempts to
measure the extent of usage of a metric by applying the
simple rate of reporting criteria. This may be an imprecise
measure but it does give us some means to compare met
rics adoption amongst organisations.
Table 1. Example Calculation of Metrics Adoption Score

Organisation 1
(Rate of Reporting)

Organisation 2
(Rate of Reporting)

Metric 1
Metric 2
Metric 3

3

4

5
5

6
6

Adoption Score

13

16

An OECD report (OECD, 1991) on Software Engineering
indicated that there were three segments to the information
technology industry. These segments were described as soft
ware,, hardware and user segments and that these in the
OECD findings differed significantly in their adoption of
software engineering practices. Figure 7 shows a compari
son of the metrics adoption score when the respondents to
our survey were classified into two sample groups.
Organisations that responded to our survey were either
from the software or user segments. The OECD report
found that the software segment adopted software engineer11
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ing more extensively than the user segment. Given the cen
tral role of software metrics within the discipline of software
engineering one would assume that the software segment
would adopt software metrics significantly more extensively
than the user segment. Figure 7 shows some indication that
this is indeed the case. The software segment showed a sig
nificantly higher mean metrics adoption score than the user
segment organisations. When the data is tested using a twotailed Mann Whitney test, we get a significant difference.
Thus we can conclude that for the respondent ASMA organi
sations, the software segment organisations have a signifi
cantly higher metrics adoption score than organisations in
the user segment. It is not surprising perhaps that there is a
higher level of software metrics adoption within organisa
tions whose main business activity is software development
because they would be expected to be more concerned with
improving software quality and productivity.
Figure 8 shows a scatter plot of the metrics adoption score
in relation to the number of employees in the IT group.
Although a statistical test of correlation shows a weak
positive linear relationship between these two variables,
the distribution of the data as shown in Figure 8 is such
that it would be hard to conclude that there is any signifi
cant or reliable relationship present.

0.

ft Industry Segments
Figure 7, Metrics Adoption Score by IT Industry Segment
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METRICS COLLECTED
Effort Metrics
Figure 9 provides a summary of the effort metrics which
the respondents reported that they collected together with
the number of organisations collecting each metric.
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Figure 9. Summary of Effort Metrics
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These figures suggest that the most commonly collected
metrics associated with the software projects are: total
hours for the project, start date for each phase of the pro
ject, estimated total project effort, development hours,
completion date for each phase, estimates of completion
dates by phase, and estimates of total effort by phase.
Table 2 provides a list of quality metrics that were
reported together with the number of organisations collect
ing each metric. The less commonly collected metrics are
measures associated with quality such as: the estimated
average hours to fix an error, the estimated hours to fix an
error, the average hours to isolate errors, the average hours
to fix an error, etc.
These results from the effort and quality metrics tables
show that the use of software metrics to control software
projects appears to be very well accepted within the industry,
but that many of the process improvement metrics are not.
We shall divide metrics into project management,
process and product metrics. Project metrics are associated
with the management of the software project. Process met
rics are used to describe, understand, evaluate and improve
the software process. Product metrics describe characteris
tics of the software product. Metrics of effort could fall
into either the project or process category. Let us now con
sider data reported in Figures 10 through 13.
Figure 10 represents all of the respondent organisations
and indicates whether or not they are collecting (or not
collecting) data on the number of hours it takes to isolate
an error. The time it takes to isolate an error is plotted
against the size of the IT group in the organisation. It is
evident that organisation size is not a factor in the collec
tion of this particular metric. The majority of our respon
dents did not capture this particular measure. Only ten did
collect the metric.
If we then look at Figure 11, we see that only three
organisations calculate the average hours to isolate an
error. Thus we may conclude that most software organisa
tions in Australia are not actively trying to cut down on the
time that it takes to isolate a software error else they would

IHUlU

Table 2. Quality Metrics
Responses
Date error reported

32

Date error corrected

32

Number customer change requests

29

Number errors after installation

24

Number unresolved customer change requests 23
Severity of error

22

Total errors found

19

Source of error

18

Type of error

18

Total unresolved errors

18

Errors at phase

17

Number of errors per activity type

15

Customer change requests by class

12

Error correction rate

10

Number changes to code

10

Number changes to specification or design
after acceptance

8

Type of code modification

7

Type of modification to specification.

6

Number of modifications to requirements

6

Number requirements defined

5

Estimate of total requirements

5

Type of modification, to requirements

5

Error density

3

Actual reuse of code

3

Errors per kloc

2

Estimate of code reuse

1

Mean time to failure

1

Code growth

0

be using a metric such as average hours to isolate an error.
Again only five organisations collect the measure.
Therefore only five organisations would be in a position to
improve the average time it takes to implement a fix over
a period of time. We will return to this issue later.

Average hours
to isolate error

Hours to
isolate error
lU Collected

lH Nat Collected

Organisation size
Figure 10. Hours to Isolate an Error by IT Size
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tribution of the use of function points against IT department
size (see Figure 14), we see that the larger organisations are
all using function points whereas organisations of 360 peo
ple or less do not necessarily use them.
When we analyse the use of function points by industry
type (see Figure 15), we can see that the government, insur
ance, banking, and IT industries use function points most.

jllllll*
Organisation Size
Figure 12, Average Hours to Implement a Fix by IT Size

Industry Type

Figure 15. Use of FPA by Industry Type

We may conclude that information obtained on size met
rics suggests that metrics are not being used so much in
attempting to improve the software process or the estimation
process but rather to control the installed base of software.

FPA estimates

Size Metric

Figure 13. Summary of Size Metrics

SIZE METRICS
Figure 13 summarises the different size metrics captured
within the respondent organisations.
We see that actual function points are commonly used,
although estimates of function points are not commonly
collected. This implies that function points are being used
as a size measure after completion of the project rather than
as input to a cost and effort estimation process. We also see
that object points have been used in two organisations, and
that lines of code is still in use in some organisations.
Metrics that are associated with development cost and
development scope are seen by some organisations as being
measures of the size of software. When we look at the dis

QUALITY METRICS
Figure 16 summarises the responses with respect to the
use of specified quality metrics.
Here we see that the most commonly reported measures
associated with quality are the:
- date an error was reported,
- date an error was corrected,
- number of customer change requests,
- number of unresolved customer change requests, etc.
When we analyse the data captured on the number of
change requests against industry type (see Figure 17), we
see that government departments, banking and IT industry
sectors show a higher proportion of organisations keeping
this metric.
This pattern appears reversed in the insurance industry
but the small sample size may account for that apparent

FPA
Mcoltocted
iH Ms! Collected
missing 14.00 26.00
45.00 120,00 300,00 580.00 1500.00
7.00
21.00 37.00 60.00 150.00 360.00 850.00

Organisation Size
Figure 14. Use of FPA by IT Department Size
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Quality Metric

Figure 16. Summary of Quality Metrics
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anomaly. A different pattern emerges when we look at the
number of customer change requests by class of change
against industry type (see Figure 18).
Here we see that the majority of organisations do not classi
fy change requests according to class of change (fault, adap
tion, etc.). The pattern is the same for different industry types.
When we look at the type of error by industry type (see
Figure 19) the IT sector appears to show more interest in
this metric of process improvement than the government
sector does.
The result from the quality metrics considered above
reinforces the finding apparent from the analysis of the
effort and size metrics, that the majority of metrics col
lection is probably project based. There is ample oppor
tunity for process improvement metrics initiatives in
Australia, particularly amongst non-IT sectors. During
one industry feedback session, it was suggested that the
type of metrics being collected may be the result of a
“financial management” focus rather than a focus on
software development project management.
If we look at Figure 20, which shows the type of error
plotted against IT group size, there appears to be no rela
tionship between the size of the organisation and whether
or not it collects metrics data on the type of errors found.
Whether or not the metric data is collected may be related

Type of error

Wcdtected
IHi Not Cdloctsd

Industry Type
Figure 19. Type of error by industry

Type of error

Size of Organisation
Figure 20. Type of Error by IT Size

Change req
HI Collected

uw—jaJ EH Not Collected
\ \

**

Industry Type
Figure 17. Number of Change Requests by Industry Type

Chq req by class

Industry Type
Figure 18. Number of customer change requests by class (adaption,
fault, etc) by industry
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to the type of software development culture within the
organisation.
OTHER METRICS
Respondents generally provided a zero response to pro
gram level metrics revealing no collection of coupling and
cohesion metrics, and very little use of modularity, data
structure and complexity metrics.
The responses to productivity and resource metrics cate
gories reinforced the picture that has already been dis
cussed above. Tracking of productivity is carried out, as
well as a number of other resource issues being tracked
with the project.
Resource metrics which respondents reported collecting
are shown in Table 3.
From the data collected it is difficult to conclude insights
into the use of these metrics. Some of the metrics appear
to be useful for the management of operations (storage
capacity of hardware, frequency of hardware faults,
processor speed), while others appear to be useful input to
the analysis of project productivity (experience of each
individual, size of the team, programming capability of
each individual).
15
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Table 3. Resource Metrics Responses Summary
Description

Number of
Organisations
Cost per person

15

Experience of each individual

12

Qualification of each individual

11

Size of the team

11

Type of hardware

11

Cost of hardware

10

Storage capacity of hardware

10

Frequency of hardware faults

10

Processor speed

9

Programming capability of each individual

6

Office temperature

3

Office space

2

Productivity of the team

2

Noise levels

1

Light levels

1

Team structuredness

1

CONCLUSIONS
The broad conclusions from this survey are that:
1. There is a higher metrics adoption in IT or IT delivery
organisations than there is in IT user organisations.
2. There is a weak relationship between metrics adoption
and the size of the IT group.
3. There appears to be a concentration on project man
agement metrics rather than on metrics for process
improvement.
4. Effort, size, quality and resource metrics dominate the
sample. Coupling, cohesion, modularity, data struc
ture and complexity metrics are used little or not at all.
5. The size of the organisation has little bearing on the
type of metrics they use (eg. total staff hours per pro
ject, hours to isolate an error, etc.) However, metrics
that are more likely to be associated with process

6.

improvement-oriented goals appear to be associated
with larger IT groups within organisations and with IT
providers, rather than with IT user organisations.
There has been a widespread adoption of the develop
ment and use of function points as a software sizing
measure.
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A technique is developed to construct a representation
describing planar or nearly planar objects in a
three-dimensional space, observed by a camera under
arbitrary orientations. The technique is based upon
object contours parameterised by an affine invariant
parameter and the dyadic wavelet transform. The role of
the wavelet transform is the extraction of multiresolution
affine invariant features from the affine invariant contour
representation. A dissimilarity function is also developed
and used to distinguish among different object representa
tions. This function makes use of the extrema on the
representations thus making its computation very efficient.
Experimental results show that the performance of the
proposed representation is better than that of other
existing methods, particularly when objects are corrupted
with noise.
Key words: Object recognition, Object representation,
Wavelet transform.

Copyright© 1999, Australian Computer Society Inc. General permission
to republish, but not for profit, all or part of this material is granted, pro
vided that the AC/'s copyright notice is given and that reference is made
to the publication, to its date of issue, and to the fact that reprint
ing privileges were gran ted by permission of the Australian Computer
Society Inc.
Manuscript received: October, 1996
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 31, No 1, FEBRUARY 1999

i Associate Editor; Kevin Stifferni
1 INTRODUCTION
Object contours extracted from images have proved to be
quite useful in many object recognition algorithms (Otterloo,
1991). The contour may be parameterised to provide a com
pact representation of the geometric information.
Parameterised contours may be described in such forms as
lists of Cartesian co-ordinates, contour tangent slopes, or
curvature values. Depending on the parameter, some of these
contour descriptions exhibit invariance to shift, scaling and
rotation in the image plane. With the proper choice of para
meters, such representations can also be invariant to image
distortion resulting from other rotations of the camera line of
sight with respect to the object plane. Such representations
are also useful in automated object recognition of 3-D nearlyflat objects from the 2-D images which contain them.
Shape distortion arising from observing an object by a
camera under arbitrary orientations can be most appropri
ately described as a perspective transformation (Gonzalez
and Woods, 1993). However, when the dimensions of the
object are small compared to the distance from the camera
to the object, a weak perspective can be assumed. In this
case, the orthographic projection may be used as an
approximation to the perspective projection, and the per
spective distortion of the object can be modelled by shear
in the image plane. Furthermore, the affine transformation,
which consists of rotation, translation, scaling and shear
ing transformations, may be used as an approximation to
the perspective transformation (Arbter et al, 1990).
Many algorithms have been developed for the represen
tation of objects undergoing affine transformation. They
can be divided into two major groups: transform domain
and spatial domain. The first technique is an extension of
the early similarity invariant Fourier descriptors (Arbter,
et al; Jin and Yan, 1992). The latter method directly
matches contours that have been represented in terms of
affine invariant parameterisations (Cyganski and Vaz,
1991; Vax and Cyganski, 1990; Tieng and Boles, 1995).
By controlling the number of the coefficients in the repre
sentations, the first technique can significantly reduce the
effects of noise and quantification errors. However, the
second method is an effective means for establishing point
correspondence between elements of curve pairs.
Beside the two major techniques based on the object
contours, Sprinzak and Werman (1994) proposed an affine
point matching algorithm. Their algorithm requires the
features of the image to be abstracted as unlabelled points.
The number of points of the unknown objects and models
must be the same. Flusser and Suk (1993) derived affine
moment invariants which are an extension of the classical
moment invariants developed by Hu (1962). The affine
moment invariants were used as a tool for character recog
nition in their recent work (Flusser and Suk, 1993). Rather
than directly dealing with objects undergoing an affine
transformation, one can estimate the orientations of the
objects in images by using the Tensor theory (Cyganski
17
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and Orr, 1985) and move the objects to the standard orien
tation before matching. Although, the moment based
methods (Flusser and Suk, 1993; Cyganski and Orr; 1985)
can be applicable to binary or grey-scale images, they
would be sensitive to variations in background shading or
object illumination with the use of grey-scale information.
Moreover, since the high order moments are sensitive to
noise, only a few low order moment invariants are used,
and this limits the ability of object classification with a
large size database.
In this paper, a new technique based on the dyadic
wavelet transform is presented. The proposed technique
decomposes object contours into several components at
different resolution levels. Since the wavelet transform is
essentially a recurrent filtering process with a kernel
which is a bandpass filter (Mallat, 1989), the components
at each resolution level have a limited bandwidth in the
frequency domainvAs a result, the method can limit the
effect of noise by selecting a suitable number of resolution
levels in the representation. Also, due to preserving the
spatial information at each resolution level, establishing
the point correspondence between elements can be easily
achieved. Therefore, our method combines the advantages
of the spatial and transform domain methods. The pro
posed technique consists of two steps: constructing the
object representation and the matching procedure.
2 AFFINE INVARIANT PARAMETERS
The arc length transforms linearly under any linear transfor
mation up to the similarity transform (Otterloo, 1991).
Translation and rotation do not affect the arc length, scaling
scales the parameter by the same amount. The arbitrary
choice of a starting point introduces only a shift in the para
meter. Due to these invariance properties of the arc length, it
is usually used for parameterising object contours undergo
ing the similarity transformation. However, the arc length is
non-linearly transformed under an affine transformation,
and would not be a suitable parameter in this situation.
2.1 Affine arc length
The affine arc length (Cyganski and Vaz, 1991), and the
enclosed area (Arbter et al, 1990) are linear under an
affine transformation. The affine arc length can be derived
based on the properties of determinants (Cyganski and
Vaz, 1991). Consider a curve, [x{t),y{t)\, in 2-D space with
arbitrary parameterisation given by t e [a,b]. Let
[xa(ta),yu{ta)] denote the parametric equations of the curve
after general affine transformation, i.e.,
Xa
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where A is a non-singular square matrix representing the
rotation, scaling and shearing transformations. The vector
B represents the translation.
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By denoting differentiation with respect to t by dots,
and differentiation with respect to ta by primes, it can be
shown that (Cyganski and Vaz, 1991):
X x"
1 tt
_ y v

it' it'2 + it"
yt' yt'2 + yt"

Since [x(t),y(f)] and \xa{tu),ya(ta)] are related by a gen
eral affine transformation, the relation between the first
and second derivatives with respect to ta of the parametric
equations is given by:
%'a $'a
=

A

_ Va lU .

X

i

X

tt

. y! V _

The affine arc length, t, is defined as follows (Cyganski
and Vaz, 1991; Guggenheimer, 1963):
t

= f \Jxy — icy dt.
Ja

W

If the above contours are parameterised using the affine
arc length, then equations (2) and (3) show that their para
meters are scaled with respect to one another, i.e.,
Ta - j/det(A) T.

^

2.2 Enclosed area
The second affine invariant parameter is the enclosed
area which is derived based on the property of the
affine transform (Modenov and Parkhomenka, 1965):
Under an affine mapping, all areas are changed in the
same ratio. This means that if Fa is the affine trans
formed image of any given figure F, then their areas
are related by:
s0 = ks
(6)
where k is a constant, and s, sa are the ares of F and Fa,
respectively.
Based on this property, Arbter et al (1990) defined a
parameter 0, which is linear under a general affine trans
formation, as follows:
1
o = g J N ~ ViI dt

(7)

where x(t) and y(t) are the co-ordinates of points on the
contour with the origin of the system located at the cen
troid of the contour. The parameter a is essentially the
cumulative sum of triangular areas, produced from con
necting the centroid to pairs of successive vertices on the
contour.
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as a parameter. The appropriate degree of smoothing is
yet to be determined.
In the second parameter, the centroid of the contour must
be used as the origin of the system in order to make the
parameterisation translation invariant. As a result, this para
meter can be used only if the contours are closed or natural
ly open. It cannot be used in the case of occluded objects.

3 OBJECT REPRESENTATION

Original Object

Transformed Object

Figure 1: Geometric meaning of the affine arc length and
enclosed area.

The two parameters, x and 0, are linear under a general
affine transformation since they are scaled with respect to
their images under an affine transform. They can be made
completely invariant simply by normalising them with
respect to either the total affine arc length or the enclosed
area of the contour.
Figure 1 illustrates the geometric meaning of the affine
arc length and enclosed area parameters. In the figure, the
circular contour is the original shape whose affine trans
formed image is represented by the ellipse. If the top left
quarter of the circle is divided into three equal length seg
ments and their ends are denoted by 0,1,2 and 3, then the
affine transformation will map these points to 0',1',2' and
3', respectively. Although the distances along the original
contour between two adjacent points are equal, it is easy to
see that the distances between their image points are not
the same. On high curvature segments of the curve, the
projected points are closer than those on lower curvature
segments. So in order to relate points on the original con
tour and its image, we can segment the contour based on
its curvature rather than the arc length. This is a basic idea
of the affine arc length parameter which is proportional to
the curvature of the contour (see Equation (4)).
Furthermore, let sab be the area enclosed by the arc seg
ment ab, and two line segments defined by these two
points (a and (?) and the contour centroid. From Figure 1,
we can see that j0i = Sn - Sa on the original contour and
%r = Syr = svy on its image. Thus these enclosed areas can
be used for relating points on the contour and its image.
Both the affine invariant parameters, % and 0, can be
used to parameterise object contours. However, they
have different properties and can be chosen based on the
application. The first and second derivatives are
required in the computation of the affine arc length, x. It
is well known that the derivatives are very sensitive to
noise. Therefore, if the contours are heavily corrupted
by noise, a smoothing process must be performed before
parameterising the contours using the affine arc length
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 31. No 1, FEBRUARY 1999

Images are pre-processed for noise removal or enhance
ment before constructing the representation. The object
contours in these images are then obtained using an edge
detector (Fleck, 1992) followed by a tracing algorithm
(Dobkin et al, 1990; Haig et al, 1992; Chen and Siy,
1987). The output of the tracing process is an ordered list
of the co-ordinates of points on the object contours which
are used in constructing the proposed representation.
Our approach starts with constructing the parametric
equation of the object contours based on one of the affine
invariant parameters, the affine arc length or the enclosed
area, discussed in Section 2. Since the first parameter is
based on higher order derivatives than those required to
calculate the second one, it is less robust in a noisy envi
ronment. Therefore, we will use the second parameter in
our algorithm.
If the arc length is used as the parameter t in equation
(7) then the enclosed area parameter can be calculated by a
contour integration along the object contour C as follows:
* = 5/cl*»-vM dt
In the discrete case, the first derivatives of x and >> can
be calculated using finite difference equations as follows:
x(t) = x(t + 1) — x(t),
8

( )

y(t) = y(t + 1) — y(t).

By replacing the integration by summation, the contour
integral can be implemented as:
\ 0
if k = l
a(k) - < k-\
(9)
o T, \x(t)y(t + 1) - x(t + l)y{t)\ otherwise
l t=1
where k = 1
and T is the number of equally spaced
segments along the object contour.
Since the objects have undergone a general affine trans
formation, i.e., det(A) * 1, their enclosed areas will gener
ally have different values. For matching objects, a normal
isation process is necessary to make these values the same.
Furthermore, although the object contour is uniformly
sampled, the parameter 0 will, in general, be digitised with
non-equal intervals when the arc length and enclosed area
are not linearly dependent. Since our algorithm makes use
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xa — (Jnx + any + hi,
Va = a2ix + a22y + b2.

(10)

The next step in constructing the representation is to
calculate the dyadic wavelet transform of both sides of
equations (10). The dyadic wavelet transform of a signal
can be calculated using a fast algorithm known as the Fast
Wavelet Transform (FWT). The FWT is equivalent to fil
tering the signal by a pair of filters; a low-pass filter, h(k),
and a high-pass filter, g(k). The filtered signals are then
down sampled by two. The filters h(k) and g(k') are chosen
to satisfy certain conditions which can be found in
(Daubechies, 1992; Mallat, 1989). The output of the lowpass filter is called the approximation signal. It is a
smoothed version of the input signal. The detail signal
which is the output of the high-pass filter contains the
information difference between the input signal and its
approximation. Although the FWT is computationally effi
cient, its output is translation variant. In order to make the
results translation invariant, a modified version of this
algorithm, namely the undecimated FWT, must be used.
The undecimated fast wavelet transform algorithm
(Mallat, 1991; Mallat and Zhong, 1992; Shensa, 1992) has
been used in constructing the zero-crossing representation
(Mallat, 1991) and edge detection (Mallat and Zhong,
1992) based on the dyadic wavelet transform. The undeci
mated FWT will be also used in our approach for con
structing the affine invariant representation. After taking
the dyadic wavelet transform of both sides of equations
20

(10), due to the linearity property of the transform, the
relation between the approximation, Aj, and detail, Wj,
signals of xa, ya, x and y at a particular resolution level j
will be given by:
AjXa

=

anAjX + auAjy + 2^2bi,

AjVa

= a2iAjX + (I22Ajy +

2j/2b2,

and
WjX a = auWjX + auWjy,
(12)

Wjya = a2iWjX + a22Wjy.

WjXa

Oil

flj2

021

O22

Ajx
l----------

AjXa

2*

The above equations show that the approximation sig
nals depend on the position of object contours in images
but the detail signals do not. If the object centroid is used
as the origin, then bl = b2 = 0. Equations (11) and (12)
can be written in matrix form as:

Vj.

of the dyadic wavelet transform which requires the input
data to be sampled with equal intervals, the normalised
parameter, o, must also be re-sampled prior to further pro
cessing. The number of samples equals the normalisation
constant S. It is necessary that this normalisation constant
be a power-of-two integer in order to extract all the infor
mation contained in the contours without using the
approximated contours at the coarsest resolution level. For
a large normalisation constant, the number of resolution
levels into which the contours are decomposed, will be
larger. This means that the information of the contours is
now analysed in more detail thus making the classification
result more accurate. On the contrary, a smaller normalisa
tion constant will reduce the accuracy of matching.
However, it will speed up the computations.
Let [x(ct), v(a)] and [xa(oa), y„(o„)] be the parametric
equations of two contours that differ only by a general
affine transformation. For simplicity and without loss of
generality, we assume that the starting points on both con
tours are identical. Furthermore, after normalising and re
sampling, there is a one-to-one relation between a and
oa. In other words, they are identical. Thus these parame
ters will be dropped in the following equations for sim
plicity. The relation between the two contours can be
expressed as follows:

WjX
Wjy

_

Based on the determinant properties, we can obtain an
affine relatively invariant representation in the form of:
AjX Wjy - Ajy WjX.

(14)

The representation can be made absolutely invariant by
representing it in a ratio form as:
M-(k) = AjX^ WjV~ Ajy^ wJx(k)

1

n rx

Aix(n) Wiy(n) - Aty(n) Wtx(n)

with Aj x(n) Wjy (n) ~ A/ y (n) Wt x (n) ^ 0.
In order to reduce the effect of noise on the representa
tion, the level i is chosen such that the sum of the squared
magnitude (i.e. energy) of (14) at that level is the largest.
The position n is the location of the extreme point of (14)
at level i which has the largest absolute magnitude.
In implementing the fast wavelet transform on a set
of finite length signals, the border problem can be
solved using either reflection or periodisation tech
niques. Let the number of data points be N, then the sig
nal is defined on [0, N - 1], The first solution is to use
reflection across the end points 0 and IV - 1. In this
case, the signal becomes periodic with period 2N. This
method is applied whenever the object contour is natu
rally open. The second solution is to consider the sig
nal, /, to be periodic with period N, i.e.,f(n + A) =f(n).
This method is suitable for closed object contours.
When the signal is periodic, its wavelet transform will
also be periodic. In this case, the representation defined
by equation (15) will be periodic. This means that dif
ferent starting points on the contours of two objects will
only result in shifting their representations with respect
to each other.
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 31, No 1, FEBRUARY 1999

RECOGNISING 2D OBJECT CONTOURS IN 3D SPACE USING WAVELET TRANSFORM

4 RECOGNITION OF AFFINE TRANSFORMED
OBJECTS
The main task here is to recognise an object in an image as
one of a number of models whose representations are
known. The process includes two phases: learning and
classification. In the learning phase, the system constructs
the representations of the given object models in the data
base. In the classification phase, the representation of
objects on scenes is constructed with the same parameters
(such as normalisation constant, wavelet functions and
their order or vanishing moments) used in constructing the
model representations. Then this representation is matched
with one of those in the database. An object is considered
to belong to a specific class if the degree of dissimilarity
between the object and models of that class is the smallest
in comparison to the others.
4.1 Dissimilarity function
We define a dissimilarity function and use it for choosing
the most suitable wavelet functions.This dissimilarity
function is also used in matching objects to their models in
the database. Rather than considering every point on the
waveforms of the representation, which is considered very
redundant by human viewers, only extreme points are used
in calculating the dissimilarity value. Let A(n) be a quanti
ty defined as follows:

x(,

where Ms is calculated using equation (15). The extrema
on the waveforms at a particular resolution level j, in our
case, are defined at any location n which satisfies either (i)
A (n) > 0 or (ii) A («) = 0 and Mj (n + 1) - Mj (n - 1) 0.
The latter condition accounts for the case of the extreme
point being more than one pixel wide.
Let lj be a set containing the locations of the extrema at
the resolution level j, i.e. Pj = {pj (r);r = 1
where Rj
is the number of extrema at this level. Each extreme point
at position g (r) and resolution level j is then represented
by its magnitude, p, and type, l, which are defined as:
Aj(r) = Mj(pj(r))
if

Mj(pj(r)) maximum,

— 1 if

Mj(pj(r)) minimum.

{1

Besides the magnitude, p, and type, /, of extrema, their
position on the representation is also important and must
be accounted for. Since different starting points on two
contours result in shifting their representations with
respect to each other, the absolute positions of the extrema
may vary but the relative distance between them will
remain constant. Thus the relative distance is suitable for
representing the extrema. This distance is calculated as:
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/ !(Pi(r)-P;(r-l))

if r > 1

\ 1 - Kft(-Rj)-Pj(r)) if r = 1
where S is the normalisation constant.
After extracting the extrema from the waveforms at
each resolution level j, and in order to include all above
information in matching, the representation of an object
contour at this level is re-represented in an ordered list
{Xj(r)}rH... Hj whose elements are complex numbers and
have the form of:

XSj(r) = pj (r) + ij (r) ■ Sj (r) ■ i

(16)

where i = PT, r = 1
and Rj is the number of extrema
at that level.
Let / and g denote the candidate model and unknown
object, respectively. Their representations in terms of
extrema are denoted as Xf and Xg. The dissimilarity func
tion which measures the degree of difference between
their representations at a particular resolution level j is
defined as a function of the real part of the normalised
cross-correlation of the extrema lists 7i and Xs at this level
(denoted by Xl and Xf) as follows:
£r%»{A/(n)-(A«(n + m))*}

dj(f, g)
A(n) = (Mj(n) — Mj(n — 1)) (Mj(n) — Mj(n + 1))

I

1 - max................ ===========--------- - (17)

(/Pj|| ■ llAjlf

with m = 0,..., Rj - 1.
The value m0 where dj (f,g) has the smallest value, cor
responds to the number of extrema which the unknown
object representation, g, must be shifted by in order to
match with the candidate model representation, /, at the
resolution level j. Based on m0, one can calculate the
amount of shift of the starting point on the unknown object
contour with respect to that of the model.
Since this function uses only extrema, rather than all
the data points along the waveform, the computational
cost is greatly reduced. This also makes the matching pro
cedure less sensitive to small variations on the representa
tions which could be introduced by quantisation errors and
noise. However, this dissimilarity function requires that
the two representations must have the same number of res
olution levels and that the number of their extrema must
be the same at each level. The first requirement can be sat
isfied if the same normalisation constant is used in con
structing the model and object representations. The latter
can be achieved using a false significant point elimination
algorithm which we have developed (Tieng and Boles,
1995). The algorithm will remove pairs of max-min points
having small difference in magnitude and distance until
the number of extrema in both representations is the same.
It is probable that different objects can have the same
representation at a particular resolution level but not all
resolution levels. Thus, in order to increase the matching
21
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accuracy, the dissimilarity measurement must be per
formed at several resolution levels. The overall dissimilar
ity, a D, can be the average value of these measurements
dj{},9)

mg) = E
-A' L-K+l

mm

(18)

where K and L are the pre-selected finest and coarsest res
olution levels used in matching respectively.
It is important to choose the appropriate resolution lev
els for the matching process. In order to reduce the effect
of noise and quantification errors in the matching process,
the pre-selected levels are chosen such that most of the
energy of the contours (assuming that the contours are cor
rupted with uniformly distributed white noise) is concen
trated at these levels. It is well known that the magnitudes
of wavelet coefficients of a signal at each resolution level
are proportional to the distributed energy of the signal at
the associated frequency band. Since our representation is
constructed based on these coefficients, its magnitudes at
each level are also related to the distributed energy. As a
result, based on the magnitudes of the representation at
each level the pre-selected levels can be determined.
5 EXPERIMENTAL RESULTS
The proposed affine invariant representation and matching
algorithm were tested on different silhouettes of aircrafts
obtained from (Jin and Yan, 1992) and shown in Figure 2.
By applying the Canny edge detector (Canny, 1986; Fleck,
1992) to the image, the contour of objects in the image
was extracted. Since the extracted boundaries were wide, a
tracing algorithm (Dobkin et al, 1990; Haig et al, 1992;
Chen and Siy, 1987) was adapted to obtain boundaries
with the width of one pixel. Each aircraft was then ran
domly rotated about X, Y and Z axes and projected back to
the XF plane. The co-ordinates of the projected aircrafts
were rounded off to the nearest integer to simulate image
sampling which introduced quantification errors on object
contours. Moreover, in real-life applications, the instance
of contours of the objects in an image may have moved a
bit, due to sensor errors or disturbing sources. Thus there
may not exist an exact registration between model and
object contours. This effect on the representations was also
studied by artificially adding different amounts of uni
formly distributed random variations on the aircraft con
tours. Figure 3 illustrates some instances of the aircraft
(Figure 2d) at different rotation angles and corrupted with
different amounts of noise. These amounts of noise were
expressed as signal to noise ratios (SNR). In this paper,
SNR is defined as the ratio of the energy of a radial func
tion (derived based on the object contour) and the variance
of the uniformly distributed white noise. The radial func
tion is actually a function of the distance between the
object centroid and points on the object contour versus the
arc length.
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Figure 2; Aircraft models to be classified.
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figure 3: Typical affine transformed and noisy shapes of the aircraft
model (2d), (a) Original contour, (b) Resulting contour at SNR of
25dB after rotation by (15°, 35° and 55°) about (J, Y, and Z) axes,
respectively, (c) Resulting contour at SNR of 30dB after rotation by
(30°, 0° and -10°) about (X, Y and Z) axes, respectively.

Experiments were carried out to study the effect of
using different wavelet functions on the representations.
The different wavelet functions studied were: the compact
ly supported Daubechies (1992) the orthogonal spline and
the compactly supported B-spline wavelets. Since the pro
posed algorithm used the object centroid as a reference,
the drifting of the centroid due to contour distortions can
degrade the performance of the algorithm. The effect of
this drifting on the performance was also studied in our
experiments. A comparison of the performance of the pro
posed representation and another existing method was car
ried out in the last experiment.
For each experiment, 100 tests were performed in order
to achieve a reliable result. The experimental results were
recorded in the form of mean, standard deviation and num
ber of misclassifications. The mean value gives roughly
the degree of dissimilarity between the unknown object
and candidate model representations. A small mean value
indicates that the unknown object is similar to the candi
date model. In contrast, a large mean value shows that the
unknown object is very different from the model. The
unknown object belongs to the class represented by the
model if the mean value is the smallest in comparison with
others. The standard deviation gives information about the
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 31, No 1, FEBRUARY 1999
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stability of matching. A high standard deviation shows
that the matching process between the unknown object and
candidate model representations is unstable. This does not
mean that the matching result is not reliable, but indicates
that it is required to perform the matching process between
the unknown object and all candidate models in the data
base. On the other hand, if the standard deviation is small,
then the unknown object representation can be matched
with some of the candidate model representations. The
matching process will be terminated if the dissimilarity
value between the object and one of the models in the
database is less than a pre-defined threshold. This discus
sion can be verified by relating the number of misclassifications with the mean and standard deviation values of the
experimental results in the following sections. The mean
and standard deviation values were used as a criterion in
selecting the optimum wavelet for constructing the repre
sentations of our models.

representation particularly when objects are in a heavy
noise environment. This explains why the number of misclassifications, using the Daubechies wavelet, was larger
than that of the B-Spline for an SNR of 20dB. The results
show that for this particular case, given the same order or
vanishing moments, the B-spline wavelet that has symme
try and finite support was the optimum one since the rep
resentations using this wavelet gave stable matching
results and a small number of misclassifications.
Table 1: Mean and Standard deviation of Normalised Dissimilarities
of Representations eontructed using three different wavelet functions
having order/vanishing moment number of 3.

mean
50dB standard deviation
misclassified (%)
mean
40dB standard deviation

5.1 Effect of using different wavelet functions
In this experiment, three wavelet functions (Daubechies,
Lemarie-Battle and B-Spline) having third order or three
vanishing moments were used to construct representations.
The two most similar aircraft models in the database (air
crafts Figures 2a and 2c) were used in this test. The
unknown object was the first aircraft corrupted by noise
and affine transformed using the techniques mentioned
above. The representations of the distorted contours were
constructed. A matching procedure was performed to cal
culate the dissimilarity value between this representation
and the pre-constructed representations of the candidate
models. Four different levels of noise were tested. At the
highest SNR (i.e. 50dB), the object was considered to be
in a noise-free environment. The difference between this
object and its model is mainly due to quantification errors.
As the SNR is decreased, the distortion of the object
increased and resulted in making aircraft (Figure 2a) simi
lar to aircraft (Figure 2c). The suitable wavelet function
used in constructing a representation was the one which
was less sensitive to noise and quantification errors such
that it gave the highest number of correct classifications in
all situations.
Experimental results show that at an SNR of 30dB, the
matching process of the representations using LemarieBattle wavelet was unstable (i.e., high standard deviation
value) due to the truncation procedure. However, only
16% were misclassified in this case. The best wavelet
function used in this experiment was the compactly sup
ported B-spline wavelet. The matching results of its repre
sentations show that only 12% were misclassified in the
heavy noise case. The Daubechies wavelet also has com
pact support.
It is, however, an asymmetric function and the filters
derived from it do not have linear phase. This non-linear
phase will introduce undesired non-linear shifting in the
THE AUSTRALIAN COMPUTER JOURNAL, VOL. 31, No 1, FEBRUARY 1999

misclassified {%)
mean
30dB standard deviation
misclassified (%)
mean
20dB standard deviation
misclassified (%)

Daubechies

Lemarie-Battle

0.1541

0.1289

B-Spline
0.0923

0.1440

0.1663

0.1024

0

0

0

0.1539

0.1242

0.0903

0.1391

0.1745

0.0884

0

0

0

0.2291

2.5919

0.1645

0.1777

5.9848

0.1250

1

16

0

0.7675

6.9675

0.6900

0.3112

6.4654

0.3003

31

70

12

5.2 Effect of centroid displacement
In the construction of the representation, the object cen
troid was used as the origin to make the representation
translation invariant. However, correctly locating the posi
tion of the centroid in a digital image, particularly when
the image is corrupted by noise, is difficult. The quantifi
cation and noise in the image can cause distortions on the
object contour. Consequently, this causes the estimation of
the object contour to be less accurate. In order to investi
gate the effect of shifting the centroid (away from its cor
rect position) on the performance of the proposed algo
rithm, the following experiment was carried out. In this
experiment, the Daubechies wavelet with one vanishing
moment was used to construct the representation. The
object contours were sampled to have 512 data points, and
as a result, there were 9 resolution levels in each represen
tation. In the classification process, two levels, 7 and 8,
which contained most of the energy of the representations
were used for matching.
In the experiment, the centroid of an unknown object
was randomly shifted away from its original location. To
measure the amount of shift, the object contour radial
function was used. The distance from the new position to
the original one was measured as a percentage of the mean
of the radial function of the unknown object. There were
three different amounts of shift to be tested (15, 25 and
35% of the average radial function) as shown in Figure 4.
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Table 2 lists the matching results of the aircraft (Figure
2f) in 100 tests when its centroid was randomly moved
away from its original position with distances of 15, 25
and 35% of the average radial function. Table 3 displays
the overall matching results of 100 tests of the six aircrafts
in the database when their centroids were moved 35%
away from their original positions.
The results show that almost every aircraft could be
recognised when the centroids were moved 15% away
from their original positions. In the worst case, i.e., when
the centroid was moved 35%, the recognition rate was still
reasonably high, except for the aircraft (Figure 2e) where
the correct classification was less than 50%.
Figure 4: Aircrafts 2(a) and (b), their average radial func
tions (indicated with 100% circles), centroids (marked by
crosses) and three different test regions (15,25 and 35%).
/----100%

Proposed Algorithm. Table 4 lists the matching results
after 100 tests of the proposed algorithm. During the
construction of the representations of the models and
unknown objects, their contours are parameterised by
the enclosed area parameter. The parameterised con
tours are then normalised and resampled to have 512
data points. As a result, there are 9 resolution levels
in the wavelet based affine invariant representations.
The Daubechies wavelet with vanishing moment of 1
is used in this construction. In the classification
process, only the resolution levels 7 and 8, which
contain most of the energy of the representations, are
used for matching.
Jin-Yan Algorithm. This method uses the affine invari
ant Fourier descriptors. The enclosed area parameter
is used in the parameterisation process with 512
equally spaced intervals. As a result, there are totally
512 coefficients (harmonic components). After ignor
ing the negative harmonics and the DC component,
the ten lowest harmonic components of the remaining
coefficients are used in the matching process. The
dissimilarity function used to calculate the difference
between the model, f, and unknown object, g, repre
sentations is simply the sum of the squared differ
ences which is given by:
10

d(f,g) = £(£'(*) - E°{k))2
fa i

Table 2: Classification results of the aircraft (2f) after 100 tests when
its centroid was shifted to three different regions (15,25 and 35%).
%

M(a)

M(b)

M(c)

M(d)

M(e)

M(f)

15

0

0

0

0

0

100

25

0

0

0

15

0

85

35

2

0

0

26

0

72

5.3 Performance comparison with another method
In this experiment, the performance of the proposed repre
sentation was compared to that of the Jin-Yan algorithm
which represents the transform domain methods. The
unknown objects used in the experiment are affine trans
formed versions of the aircraft models in the database at an
SNR of 20dB. For each case, 100 tests are performed and
the unknown object is considered to belong to one of six
classes, which are represented by the six aircraft models in
database, when the dissimilarity between the unknown
object and candidate model representations is the smallest.
Table 3: Overall matching results when the centroid of unknown objects
was shifted away from its original position by a distance of 35%.
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35%

M(a)

M(b)

M(c)

M(d)

M(e)

M(f)

O(a)

100

0

0

0

0

0

O(b)

0

50

0

50

0

0

O(c)

9

3

72

0

0

16

O(d)

0

33

0

67

0

0

O(e)

4

17

11

28

40

0

O(f)

2

0

0

26

0

72

where Ef and £* are the representations of objects/and g,
respectively. The matching results are listed in Table 5.
Table 4: Matching results of the proposed algorithm when the
Daubechies wavelet with one vanishing moment was used in construct
ing the representation.
Proposed Algorithm
20dB

M(a)

M(b)

M(c)

M(d)

M(e)

O(a)

92

0

8

0

0

0

O(b)

0

100

0

0

0

0

M(f)

0(c)

0

0

100

0

0

0

0(d)

0

0

0

100

0

0

0(e)

3

0

0

0

97

0

0(f)

0

0

0

0

0

100

The experimental results show that the performance of
the proposed algorithm is much better than that of the JinYan algorith. Our algorithm has successfully classified all
distorted aircrafts. There are only 8% misclassifications in
the case of aircraft (Figure 2a) and 3% misclassifications
in the case of aircraft (Figure 2e). Although the other algo
rithm gave higher numbers of correct classifications in the
case of the aircraft (Figure 2e) than that of the proposed
algorithm, it was unable to recognise aircrafts (Figure 2c)
and (Figure 2f),
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Table 5: Matching results of Jin-Yan algorithm.
Proposed Algorithm
20dB

M(a)

M(b)

M(c)

M(d)

M(e)

M(f)

O(a)

2

0

23

0

75

0

O(b)

0

100

0

0

0

0

O(c)

0

0

0

0

100

0

O(d)

0

0

0

88

12

0

O(e)

0

0

0

0

100

0

O(f)

7

2

90

0

0

1

6 CONCLUSIONS
In this paper, a new technique is proposed for constructing
an affine invariant representation based on object contours
and the dyadic wavelet transform. The proposed technique
makes use of the approximation and detail signals of
object contour co-ordinates at different resolution levels.
A study of the effect of using different types of wavelet
functions shows that the best wavelet function used to
construct the representation must have compact support
and symmetric shape. In addition, wavelet functions with
small order or vanishing moments are good for represent
ing object contours which have small differences.
However, the resulting representations will be sensitive to
quantisation errors.
The effect of shifting the centroid of the object on the
performance of the proposed algorithm was also studied.
The performance of the proposed representation was com
pared with one of the existing methods. Experimental
results showed that both methods could be used to con
struct representations of objects undergoing a general
affine transformation. However, when object contours are
heavily distorted, the performance of the proposed method
was much better than that of the other method.
The proposed method offers flexibility in choosing the
wavelet functions and their order/vanishing moments.
With this flexibility, given a group of objects, one can eas
ily control the accuracy of classification as well as the
margin between the classes represented by these objects,
in a given data base.
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BOOK REVIEWS
GREENWOOD, 1C. (1998): Teach yourself ABAP/4 in 21 days, Sams,
730 pp., $US 49.99
SAP R/3 is a simply monolithic enterprise resource planning (ERP)
system, and those who can master its arcane basis and ABAP depths
command high salaries.
Here, we have a quality ABAP book in the Sam’s ‘21 days’ series.
This is a more realistic emphasis than the similar ‘24 hours’ series which I note, never refer to 24 consecutive hours!
By following this book, in 21 days, one will understand the funda
mentals of ABAP/4 programming, and learn how to effectively use its
tools and features.
Essential aspects of programming, such as modularisation, are cov
ered, but also SAP and ERP specific aspects of report writing, selection
screens, and database manipulation.
To my surprise though, there did not appear to be any coverage of
user authorisations, and very little on events. The back cover states one
will master all of ABAP 4's new and advanced features, but I’m not so
certain, for these reasons, that ‘master’ and ‘advanced’ are the right
words, I think this book wall be of value to anyone who wants to learn
ABAP programming, but it should then be supplemented by writing actu
al applications, and then exploring more advanced topics, which are not
covered.
A particularly nice feature is that the accompanying CD includes over
50 Lotus Screencams. This means one can watch and listen as concepts
are demonstrated right in front of them. This all helps to enhance the ped
agogical experience and usefulness of the text.
Ivor Brick and Eva Brick
4/N Corporation

HOMER, A. (1998): Professional ASP techniques for Webmasters,
Wrox Press, 613pp., $US 49.99
1 highly recommend this book to all w'ho are interested in developing
interactive Web sites that provide dynamic content, particularly for
Microsoft platforms. As the title suggests, this book is aimed squarely at
Active Server Pages (ASP) and Internet Information Server (IIS).
Note that this is not a tutorial on ASP, but is aimed more for
‘Webmasters’- those administering complex, dynamic sites, and who
need real tools for performing remote administration, for logging and
graphing accesses, and for unobtrusively surveying visitors.
What I particularly like is that this book is written by a ‘real’ pro
grammer, for ‘real’ programmers, This is demonstrated well by the fact
that much of the code and applications are actually in place at the pub
lisher’s Web site (http://www.wrox.com/). Hence, the code can be seen,
running - but not only this, it is live on a real site. This, to me, shows it
has been developed and debugged, and stands up to real use.
Like all Wrox books, the back cover charts a path through other
books in the series, so one may build upon previous knowledge and
develop their abilities and career.
Uncommon for books today, though, no CD is included, but all source
code may be downloaded from the publisher’s Web site.
David M. Williams
University of Newcastle

PUCKETT, R. (1998): Windows NT Automated deployment and cus
tomization, Macmillan Technical Publishing, 306 pp. $US 32.00
This is a nifty and attractive book that takes up little desk space, but
certainly packs a wealth of information. It is the first title in a series, the
“Windows NT Technical Library”. According to the back cover blurb,
the series is to be a set of guides which focus on single aspects or part of
the Windows NT technology, providing networking professionals with
detailed, proven solutions to their problems. I think this first title lives up
to such a description, and I look forward to seeing other works in the
series.
‘Windows NT Automated deployment and customization’, as the
name suggests, is concerned with automating the deployment and config
uration of a Windows NT network - an ‘unattended installation’, if you
will. In particular, it covers the process of planning, creating and deploy
ing automated installations of Windows NT Workstation. The techniques
can be applied to automated Windows NT Server installations, but this is
not a major focus of the author.
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ociate Editor: David Williams
Microsoft have a white paper on this topic, “The guide to automating
Windows NT setup”, which is good and helpful, but stops short of more
complicated scenarios and questions. Or rather, the ‘out-of-the-box’
deployment tools stop short of providing the necessary functionality for
these scenarios and questions. Microsoft have recognised the need for
better tools, and has released Windows NT resource kits for both the
workstation and server incarnations, and a further two resource kits sup
plements. The main focus of these kits and supplements has not been
automated deployment, but certainly the support for automated deploy
ment has been enhanced. These have not been documented, at least, not
in another accessible and helpful white paper. The information is ‘out
there’ but not until Puckett’s book have I been aware of it all in one con
sistent and cohesive collection.
The book is divided into three sections. Part I discusses the basic con
figuration of an automated deployment. This is very straightforward and
essentially outlines issues that an administrator must be aware of; the
construction of a distribution share point and the principal files neces
sary; the creation of UNATTEND.TXT “answer files”; and finally a
guide to adding, customising, or removing the accessories and other
items that are included with the Windows NT operating system itself.
This is particularly important, because this can also include the addition
of custom device driver files for specific hardware needs.
Part II details more advanced topics - namely, adding additional
applications to the install process such as service packs, particularly
those applications which are not normally ‘silent’ in their installation;
automating security changes to the operating system and user environ
ment; augmenting security through custom system policies and modified
default user profiles; and finally the automation and scheduling of main
tenance and update options provided by Windows NT. This section is
heavier reading than the first, with registry editing let loose, and the
enforcing of policies, but examples and helpful italicised tips abound,
which all make the process much less fearful.
Finally, Part III lists useful reference data, such as native NT tools,
useful registry sections, and details of available services and protocols,
allowing the informed administrator the ability to discern that which
should be kept, removed or modified.
I Ihink this book is excellent, and any administrator who finds them
self responsible for a large network of machines would find it to be a
tremendous resource. The book describes not only how to make an unat
tended install work, but how to do it well - how to configure devices and
security, and deploy other applications with the operating system, and
then how to schedule automated maintenance and updates. This knowl
edge in this book has the potential to save a lot of time and frustration,
and can help create a consistent network environment.
David M. Williams
University of Newcastle

HAMPTON, K. and HAMPTON, B. (1996): Creating Commercial
Websites, Sams.Net, 434 pp., $79.95
The two Hamptons’ have gone a step or two further than most books
on Web publishing - this book is a superb tutorial/reference for those
wishing to either make money out of the Web or better use it as a busi
ness resource.
The Web can be a huge advertising medium for any business and it is
also a source of contact for consumers, many people now ordering goods
online (I, personally, won’t just yet. I’ll wait until security is improved
somewhat).
The book is about a lot more, though, than making money on the
Web. It is really about creating a Web presence that meets the objectives
of the owner of the site. These objectives may not be to make money but
to effectively advertise the business. In any event, the authors take us on
a guided tour and show us how to build a Web site that will work for
each individual.
Like any good “how-to” book it is designed with several readers in
mind. The person who needs to absorb every word is catered for, as well
as the person who is in a hurry and wants to put fingers to keyboard as
soon as possible. For these folks there is a “quick and dirty” section at
the end of each chapter.
Now on to the book itself - it comes in five logical parts.
Part 1 is called “Developing a Commercial Website”. This is more or
less an introductory chapter and it takes a look at marketing on the
WWW, an overview of the internet and WWW, and the specifics of mar
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keting as applied to the Web. Importantly it gives thirteen good reasons
to put a business on the Web (eg #11 to provide 24-hour 7-day accessibil
ity). Part 1 includes, also, developing an effective Web strategy, and a
discussion on your domain and server and how to pick the right one, I
didn’t know, but there is a major difference between http://www.ozemail.com.au/~Herdy and http://www.Herdy.com.au. Apparently there is
a vast difference in cost and the amount of control you have over your
account. Importantly there is advice on how to figure out how much all
of this is going to cost.
Part 2 is titled “Designing a Site that Succeeds”. I imagine that this is
everyone’s goal, but success is measured differently by different people.
Part 2 has chapters that teach us how to lay down the foundations of a
good page, how to make the site appealing, and how to take advantage of
HTML. It tells us that the hierachical structure of our site will affect
users opinions of it - i.e. don’t make it too deep! Importantly the two
authors discuss page clarity and appealing graphical usage, Remember,
you have to get your readers attention and either keep it or make them
want to come back. This is probably the most important section. It dis
cusses security, taking payments online, customer service and how to get
your site up and running.
Part 3 is “Marketing Your Site”. If nobody knows that you have a site
then nobody will pay it a visit! This section discusses how you advertise
your site. It tells you how to market it offline as well as online and how
to garner the interest,of the big search engine companies such as
Veronica, Yahoo, WWW worm and others. Apparently there are over two
hundred of them.
Part 4 is titled “Now What?” and is really about maintaining the site
once it’s up. It tells how to track the success of your pride and joy by
using counters and other tools.
Part 5 is the appendix section and could really be a separate book on
its own. It is packed with extremely useful data for the serious Web user.
Appendices A through F are resource reference lists such as server and
graphics resources. Appendix G lists places to market your site (very
handy), but the most exciting appendix (according to the HTML code
writer that tried to steal my review copy) is Appendix H which is a very
extensive “comparative HTML reference guide”.
Up the blunt end so to speak is the obligatory CD-ROM. On this is a
wealth of handy software. Some of it is freeware, some of it is shareware
and some of it is trialware. The software includes an FTP client, a GIF
construction set, PaintShop Pro, Webmania, Webforms, Winzlp, several
templates, a HTML editor or two, Map this - a clickable image map gen
erator - and plenty more.
Overall the book gets a little heavy at times - well, for me at least, but
I don’t think that it is meant for the novice. It is, though, an excellent
tutorial on how to get your site up and productive! There are full colour
examples and screen grabs at every place they are needed colour graphs
and diagrams and generally speaking, whilst heavy and detailed the book
will get the message across.
If you want a serious Website (not necessarily a money making
Website) then this book is definitely worth a look-see.
Jon Herd
University of Newcastle
KARL, S. and KARL, A. (1997): How To Get Into Your Dream College
Using the Web, The Coriolis Group, Arizona, 364 pp. plus CDROM, $US 24.99.
Unless you’re contemplating a college education in the United States,
you’ll find most of the information contained in this book irrelevant to
your needs.
It contains short summaries and the Web addresses of over 130 U.S.
colleges plus listings of additional American college Web resources.
These include details of that country’s 100 most wired colleges, that is,
those that provide the most information via the Net; general information
about higher education in the States; career paths; preparing for college;
and so on.
You can also learn some SAT (Scholastic Assessment Test) tips and
strategies, and what the best techniques are for applying electronically to
your dream school. In addition, you can read about college entrance
exams and visits, college rankings, and contemplate the advice offered by
an admissions expert. The CD-ROM contains ‘Lifegoal" for helping you
to determine and achieve your goals, plus a calculator and worksheets for
working out your financial aid eligibility.
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Apart from specific localised information, the book does cover some
general topics. Different chapters focus on why the Web is a powerful
tool for finding the right school; a crash course on the Internet and how
to get connected; and how to make the necessary adjustments to college
life - developing sensible eating habits, finding an appropriate room
mate, etc.
So if you’ve got your sights set on studying in America, a good place
to start your research is with this book. It's just a pity there isn’t an
Australian equivalent.
Tony Stevenson
MKD Software Consulting
BARQUIN, R. and EDELSTEIN, H. (ed.) (1997): Building, Using,
and Managing the Data Warehouse, Prentice Hall. New Jersey, USA,
317 pp, $59.95.
Even though the concept of data warehousing has been around for
quite awhile now, it’s still regarded as an evolving technology.
Even the experts disagree about what it actually encompasses, and
where it fits in with other IT disciplines like computer science, manage
ment information systems, and information engineering.
What’s needed is a clearer understanding of what data warehousing is
and where it’s headed. This has to be accompanied by more rigorous defi
nitions of its components, as well as an appreciation of the skills required
by its practitioners. And tying all this together requires the use of a com
mon vocabulary so that everyone is pushing in the same direction. This
book, is part of the solution to these problems.
Divided into four parts, it’s a collection of articles by leading data
warehousing experts.
Part 1 is an introduction, and is the shortest section with just one
chapter. It provides a brief historical perspective of data warehousing, its
components, and concludes with a discussion of current issues, chal
lenges, and trends.
Part 2, “Building the Data Warehouse” tackles the three critical issues
of migrating data from legacy systems; the importance of scalability as
larger and more complex databases need to be considered; and the prob
lems associated with maintaining high quality data.
In Part 3, “Using the Data Warehouse”, topics covered include data
warehousing from a user perspective; the role of object technology, with an
entire chapter devoted to building object-oriented OLAP (Online Analytical
Processing) applications; data mining and knowledge discovery; and the
issues of keeping a warehouse up-to-date with reloads and refreshes.
The final section, Part 4, “Managing the Data Warehouse”, discusses
the managing and staffing of a large data warehouse. Attention is also
given to the education and training programs that need to be established.
The last chapter of the book proposes that data warehousing should
become a central component of all corporate strategic thinking.
Note 1: “Building, Using, and Managing the Data Warehouse” is the
second volume in the Data Warehousing Institute Series from Prentice
Hall. The first text is “Planning and Designing the Data Warehouse”.
Note 2: The Data Warehousing Institute is committed to informing
interested parties, both individuals and companies, about the latest devel
opments in data warehousing technology. It also focuses on helping man
agers and their staff to further their experience and careers.
It achieves this by sharing best practices between its members, con
ducting courses, running annual user conferences, hosting special interest
groups, maintaining an electronic forum, as well as producing a quarterly
journal of case studies and articles on data warehousing. Its email address
is tdwi@aol.com
Tony Stevenson
MKD Software Consulting
WRIGHT, P, (1998): Beginning Visual Basic 6, Wrox Press, UK, 890
pp, $US 39.99.
Microsoft Visual Basic 6.0, one of the most popular Rapid
Application Development tools, was launched in Australia midSeptember 1998. And one of the first Visual 6.0 books published to coin
cide with that release is this book.
Visual Basic 6.0 ships in three editions: Learning (sometimes also
referred to Standard), Professional, and Enterprise.
The Learning edition is for novice programmers wanting to learn how
to develop Windows applications. It also offers developers with experi
ence in other languages such as C or C++ a quick way of coming up to
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speed with Visual Basic.
The Professional edition is geared towards commercial developers
whose job involves building client/server or Web-based applications.
And the Enterprise edition is suitable for programming teams in larger
organisations. As such, it contains source-code control along with rela
tional database design and modelling tools.
While this book intentionally focuses on the Learning edition of
Visual Basic, users of any edition of Visual Basic will still find parts of it
relevant.
That’s because the Enterprise edition contains everything included in
the Professional edition, which, in turn, contains the core tools of the
Learning edition. However, don’t expect to find explanations of any of
the more advanced features of the Professional and Enterprise editions in
this book.
One of the most striking things about Visual Basic 6.0 is the number
of features which have been built into it. No single book, especially an
introductory one like this, could adequately cover all of its functionality
to the depth required.
According to the author, the goal of this book is to impart enough
core knowledge so that its readers can start to write their own Visual
Basic programs as quickly as possible.
It achieves this by firstly explaining the key features of both the
Visual Basic integrated development environment and the language itself.
Just some of the topics covered include the Visual Basic desktop; the
structure of programs; writing code; database programming; controls;
components; creating objects; running and debugging applications; and
the use of DLLs (dynamic link libraries) and the Windows API (applica
tion programming interface).
The second part then looks at putting all this newly acquired knowl
edge together by investigating three real-life ease studies - a mailing list
application; the prototype of a library transaction system; and the con
struction of an ActiveX control.
While the book has no companion CD-ROM, the source code of all
examples used can be downloaded from the publisher’s Web site.
In summing up, the strength of “Beginning Visual Basic 6” is its
emphasis on the essential elements of Visual Basic programming.
Tony Stevenson
MKD Software Consulting
CALVERT, C. (1998): Delphi 4 Unleashed, Borland Press/Sams, 1152
pp., $US 49.99
Every Windows developer loves Borland/Inprise - clearly even
Microsoft, who have lured away several of their key staff. Delphi has
become their flagship product, and many a Windows developer stands by
it strongly. After all, Delphi embodies all that is good about program
ming, and rapid application development, and object orientation. Visual
C++ is just not visual, and Visual Basic still doesn’t allow full entry into
the internals of the Windows architecture.
Charlie Calvert is a well known Delphi author and proponent, and his
latest work is meaty and complex. This is no trifling introduction to
Pascal programming, but rather an in-depth guide to creating powerful
Midas, Corba and COM/DCOM applications. Microsoft’s Transaction
Server is covered, as is connecting Delphi to Java and C++ applications.
Finally, the book concludes with DirectX.
I think this book is recommended for any professional Delphi devel
oper. The topics covered are courageous and significant. One slight dis
appointment is that the material does not subsume the previous Delphi
unleashed books, but rather adds to them. Hence, one is not left with a
single reference, but rather a growing collection. Ultimately though, if
you work with Delphi, and want to deploy highly technical and advanced
solutions that fully work the Windows environment, then I simply cannot
recommend Calvert’s book more highly.
David M. Williams
University of Newcastle
CHAN, E, LEE, R. and KRAMER, D. (1998); The Java Class
Libraries, 2nd, ed„ Vol. I, Addison-Wesley, 2050 pp., $US 55.95
CHAN, E, and LEE, R, (1998): The Java Class Libraries, 2nd, ed., Vol.
2, Addison-Wesley, 1682 pp., $US 53.95
These weighty tomes are formidable to look at, especially when one
realises that Volume 1 covers just six Java API packages - io, lang, math,
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net, text and util. The second volume covers just applet, awt and beans.
However, inside is a veritable wealth of information. In fact, this set
has become most invaluable to me.
‘The Java Class Libraries’ is effectively a comprehensive reference
guide to the standard Java 1.1 class libraries. Each package and class is
broken down, so that each member property and method is explained,
and cross-referenced with related members. Class hierarchy diagrams
show the connection with other classes, which prove most helpful when
developing JavaBeans that inherit from an existing class.
There already are several Java API reference works in existence, and
one can always peruse through the API source code to obtain lists of
methods. However, I feel this book is particularly worthwhile, and bene
ficial, due to the multiplicity, and the quality, of its example programs.
These programs are relevant, and helpful, and contain good ‘real-world’
situations. There is complete code to manipulate files, perform network
communication, compress files and streams, and more. This, to me, is a
strong feature and the examples have greatly helped to clarify the text indeed, in many cases, an example alone has helped me solve the prob
lem at hand without actually a need to read the accompanying annota
tions! The back cover blurb claims that there are over 600 examples, that
make 24,000 lines of code in total - per volume!
For those who appreciate this sort of thing, the book also stands apart
because it is the ‘official’ class libraries reference and is actually written
by three of the creators of the Java technology. The publishers proudly
brandish the front cover with the words, “from the source”. For me, this
fact provides me with confidence - for I can be sure the authors have had
significant experience with the Java libraries and are well aware of how
they fit together.
Overall, I well recommend this set. Certainly, anyone who is a serious
Java developer and has not already got an API reference would find
immense benefit. Those who make use of other titles already would do
well to at least consider these volumes.
David M. Williams
University of Newcastle
SPORTACK, M, et. al. (1998): Networking Essentials Unleashed, Sams,
575 pp., $US 39.99
This book is a comprehensive reference to fundamental concepts in
networking, targeted at computing professionals. It covers the OSI refer
ence model, and explains different network architectures and topologies,
operating systems, network administration, and troubleshooting. Topics
also include how to build local and wide area networks.
I’ve always found the ‘Unleashed’ books to be of high quality, and
this is no exception. It covers the theory and practical issues, but more
importantly, prepares the reader for thinking their way through chal
lenges that will undoubtedly arise in networked environments.
I must admit to slight uncertainty about the title. Immediately,
‘Networking Essentials’ makes me think of the Microsoft Certified
Systems Engineer examinations, yet this book makes no explicit claim to
be a preparation guide for such certification. The back cover blurb does
claim that “It will help you prepare for any test on the essentials of net
working”, but there are no stronger claims or associations. I think then,
that any person who is seeking a book to help gain professional certifica
tion, may be best served by finding a title they can be more confident
about. That is, I do think this book is very good, and any person who
wishes to learn about modem networking would find it of value. Yet, the
title really does conjure up thoughts of certification, perhaps deliberately.
This is a shame, because it itself is unconfident about the extent of assis
tance it can be with certification exams, and certainly, it does not give
sample questions or tests. If this slant to the title is intended, then I think
the publishers may have outdone themselves.
David M. Williams
University of Newcastle
JERKE, N., SZABO, G., JUNG D, and KIELY, D. (1998): The Waite
Group's Visual Basic 6 Client/Server How-To, Sams, 1019 pp., $US
49.99
The contents of this book actually surprised me somewhat; rather than
being a tutorial or reference on writing Client/Server applications, it is
really a series of simple step-by-step “how-to’s”. That is, one might look
up “How do I make an application drag-and-drop capable?”, or “How
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do I... create and execute a stored procedure” (in SQL Server).
The procedures available are easy to locate because they are categorised
into ten chapters, and a detailed index concludes the book. Each proce
dure, or “how-to”, is annotated with a complexity level, and is also
flagged as being compatible with earlier versions of Visual Basic where
appropriate.
I think this book may serve as a useful reference, but those looking for an
introduction, or advanced, text on the topic would probably want to look
elsewhere. That said, however, it may be unlikely that any single conven
tional book would cover such a range of topics as this does, with ASP
and SQL Server and user interfaces and business objects and more all
being banners for a number of procedures.
There were a few things I didn’t quite like - sometimes, a step will direct
the reader to do something, but without saying why. For example, p. 515
directs the reader to insert an empty subroutine in a specific module.
However, no annotation is given at all to suggest why this should be
done, or what is being achieved by it. Further, sometimes the steps
become a bit too ambitious. The author appears to be building up appli
cations through the “how-to's”, and, for example, a procedure on “How
do I ... build Active-X components” suddenly includes code and steps to
manage a back-end database also. One must then be careful when follow
ing such a step to only include the appropriate sections in their own pro
gram that are relevant to their problem. The ‘additional’ parts of the
“how-to” must be detected and ignored.
Certainly, it’s worth a look - it may well be one of those books that just
happens to contain the exact steps to solve a niggling problem you’ve
been working on for weeks!
P. A. Radox
Space Fox Enterprises
HORTON, I, (1998): Beginning Visual C++ 6, Wrox Press, 1180 pp,,
$US 49.99
YOUNG, M. (1998): Mastering Visual C++ <5, Sybex, 1397 pp„ $119.95
The enormous sizes of these books, by different publishers and aimed
at different levels of competency, demonstrate just how vast a field pro
fessional software development is today. In fact, Wrox follow their title
with more ‘beginning’ books in ATL and MFC COM programming, and
NT programming, before one reaches the ‘professional’ level, at which
point there are another five books - all on Visual C++ under Windows,
and presumably hefty tomes themselves. The Sybex book does not indi
cate if it is a part of a series.
The Wrox book is very accessible, with clear illustrations and screen
shots and code samples. The examples are timely and helpful, and one is
involved with Visual C++ from the beginning. By the end of this book,
one is not only writing C++ code, but actual Windows applications, using
modern technologies. The book then concludes with answers to exercises
that are given along the way.
The Sybex book does not quite have the same appearance - some of
the screen dumps (e.g. page 775) are very small. However, it covers the
development and enhancement of some sophisticated and lengthy appli
cations, which is very useful. All code and programs are included on an
accompanying CD - which comes to 400Mb of data.
I think that for anyone who wishes to learn Visual C++ programming,
Horton's book is unbeatable. It lives up to the Wrox philosophy of ‘pro
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grammer to programmer’ and covers ‘the real stuff’ so to speak, in a
clean and logical fashion.
Young’s book is not so certain a contender in the more advanced
stakes. It is good, and covers substantial items - as one would expect
from an advanced book, and I suspect it does well have a niche - there
does not appear to be any direct equivalent in the Wrox line, for example
- but should you find a few such books on Visual C++ then perhaps have
a flip-through before paying the three digit price tag,
David M. Williams
Uni versity of Newcastle

MARTIN, F. (1998): Top Secret Intranet, Prentice-Hall, 380 pp.,
$US 34.99
This book is certainly interesting, and the back cover promises a great
deal, in terms of content and the author’s credentials.
Martin worked with the U.S. Intelligence Community in 1960, on the
front lines in the Middle East. He recently retired from the National
Security Agency (NSA) and is now a consultant to the Central
Intelligence Agency (CIA).
The book is about ‘Intelink’ - allegedly the world’s largest and most
secure network. I must admit to having no prior knowledge of Intelink,
but the back cover is very enthusiastic, Intelink is ‘super-secure’, Intelink
is ‘one awesome intranet’. More helpfully, Intelink integrates and dis
seminates virtually every piece of information that goes into intelligence
gathering, reporting and analysis at the major U.S. top secret agencies.
Wow - a real spy, and real cloak-and-dagger ‘stuff, one would think!
Unfortunately, 1 found it just a touch dull. Perhaps my expectations were
too high. Perhaps the really interesting things were classified too secret to
be published (we read, “Sure, there a few things they can’t tell you”).
The book explains how Intelink was developed, and the services it
provides. In one place, we read about newsgroups, elsewhere we read
about SGML. One could almost be reading any book on the Internet or
Intranets, apart from the different names - for example, one Intelink
newsgroup is misc.weapons.iraq ! However, it was difficult to really find
out the issues that such an ambitious and large system faced. Now and
then we might read that something was not widely successful, usually
because “there are sometimes security classification issues that preclude
some discussions”. Periodically, fascinating insight into the world of
espionage is given, and we learn about the CIA structure, and the prob
lems of cooperating with foreign governments.
Ultimately, I feel that this book is just a bit over-hyped. It does talk
about building huge networks, and Intelink is certainly an interesting
case study. However, maybe I hoped for a gripping spy novel, I think,
ultimately, that this book really is just as I’ve said - a book on building
huge networks. The Intelink connection is more a thematic example, if
you will. Now and then the author delves into fascinating corners - just to
turn around again. Unfortunately, I think the main problem may be the
author's lack of skill as a communicator - his background is clearly
impressive, but I’m just not convinced he has articulated fully what is on
his mind, and what he wanted this book to be.
It’s worth a good flip-through, and some thought, but don’t don your
treneheoat just yet.
Tyrone Shoelaces
Acme, Inc.
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Australasian Conference on
Information Systems
(ACIS99)
lst-3rd December 1999
Call for Submissions
The Program Committee invites submission to the 10th Australasian Conference on Information Systems (ACIS’99)
which will be held at the Victorian University of Wellington, New Zealand from 1st to 3rd December 1999. You are
invited to submit a complete research paper, a case study, a proposal for a panel discussion, a description of research
in progress, or a proposal for a poster. Papers should be submitted in accordance with the forthcoming Instructions to
Authors. Associated activities with the conference include the doctorial consortium, tutorials and workshops and vari
ous informal meetings. Further information is available at http://www.vuw.ac.nz/acis99
Submissions will be accepted electronically only in the format described in the detailed instructions. A hard copy of
the paper must also be submitted. Deadline for submissions is 1st June 1999.
Authors of a selection of the best papers may be offered the option of publication in a leading Australasian Journal.
Topics for the Conference include but are not limited to the following:
National and international roles for IS

IS research issues

IT/IS induced change in organisations

Intelligent IS

Electronic Commerce, Internet and
WWW issues

National IT Infrastructure and Network
Policy

The social impact of IS/IT

DSS, GSS, EIS

Inter-organisational systems

Telecommunication

Collaborative research with industry

IS Modelling, Database

IS Strategy, IS Management

Teleworking and Telecommuting

Systems Methodologies

Workflow management

IS development and implementation

Educational issues

Please submit your contribution to: ACIS99 Secretariat
School of Communications and Information Management
PO Box 600
Wellington
New Zealand
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NEWS BRIEFS
“News Briefs” is a regular feature which
covers local and overseas developments in
the computer industry including new prod
ucts and other topical events of interest.
VICTORIA TO INTRODUCE PUBLIC
AND PRIVATE SECTOR DATA
PROTECTION LEGISLATION
In a national first, the Victorian
Government has announced it will introduce
legislation which will promote comsumer
confidence in Internet transactions and pro
vide legal standards for electronic commerce
activities.
The Minister for Information Technology
and Multimedia, Alan Stockdale, unveiled
the exposure drafts of the Data Protection
Bill and E-Commerce Framework Bill at a
Victorian Privacy conference.
The legislation will be introduced in the
Victorian Parliament next year. The Bills
will be made available for public consulta
tion and, can be obtained online at
www.stockdaIe.vic.gov.au,www.mmv.ic.
gov.au, Information Victoria at www.information.vic.gov.au, or by calling Multimedia
Victoria on (03) 9651 9868.
To administer the Act, the Victorian
Government will appoint a Privacy
Commissioner who will work closely with
the Federal Privacy Commissioner to ensure
a consistent national approach is taken on
data protection issues.
Mr Stockdale said the Bill encouraged
self-regulation. It would establish a default
legislative scheme that would promote the
development of voluntary privacy codes, to
be approved by the Privacy Commissioner.
The Minister said the release of the
exposure Bills was the result of a wide-rang
ing process which has involved privacy
experts, business groups, government repre
sentatives and comsumer advocates. An
extensive consultation process has also
drawn on two discussion papers regarding
the proposed legislation.
Mr Stockdale said surveys around the
world have shown that one of the main
inhibitors to conducting transactions on the
Internet is consumer concerns about the mis
use of personal information.
The Data Protection Bill is a light-handed
legislative scheme which aims to implement
National Principles for the Fair Handling of
Personal Information, as developed by the
Federal Privacy Commissioner, to provide a
uniform balance between the protection of
information privacy and the free flow of
information.
People and organisations that presented
submissions on each of the Bills’ discussion
papers released earlier this year will be auto
matically sent the exposure legislation.
The closing date for submissions is midFebruary. Submissions and comments can be
sent to Multimedia Victoria, 55 Collins
Street, Melbourne 3000.
APPLYING FOR R&D ASSISTANCE
The Commonwealth Government's
IR&D Board program, R&D Stan, provides

assistance to businesses to conduct R&D.
Auslndustry administers R&D Start for
the IR&D Board.
Auslndustry has made its application
process more “user-friendly”. Businesses
that have looked into applying for
Auslndustry assistance in the past might find
it worth while to look again, as changes have
been made since July 1998.
The process begins by filling out a onepage initial inquiry form, and sending it to
Auslndustry. Auslndustry has an office in
every state of Australia, and they promise to
get back to you within 48 hours.
An Auslndustry case officer will then
talk with you about your idea, to try and help
you assess whether it will fit into the eligibil
ity criteria.
If you decide to pursue your application,
help is available. It is the Auslndustry case
officers' job to offer advice on how to pre
sent your application in the best possible
light. This could involve telephone conversa
tions or face-to-face meetings, depending on
what is more convenient for you. You can go
into an Auslndustry office, or a case officer
can come to you.
Some companies have found the rigorous
application process has actually been posi
tive for their business.
If you are planning for a research and
development project, Auslndustry may be
able to help you get if off the ground. To
contact Auslndustry, ring the hotline on: 13
28 46, or visit the website at : www.ausindustry.gov.au
BRITANNICA CD 99
The new Britannica CD 99 Multimedia
Edition has arrived. Packed with even more
information than both the Britannica CD 98
Multimedia and Standard Editions, and dou
ble the content of any other reference CDRom on the market, Britannica CD 99
Multimedia Edition is value for money at
only $299.
Britannica has made hundreds of small
but important changes to the Britannica CD
99 Multimedia Edition (BCD 99 MM). The
number of articles has increased to over
73,000, and the photos and illustrations to
8,500. The Related Internet Links have dou
bled to 30,000 and all have been qualitychecked by Britannica editors.
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In addition, users will benefit from use of
the Merriam-Webster’s Collegiate Dictionary
and 30 days free access to Britannica Online
(BOL), Britannica’s award winning online
service. BOL offers access to Britannica’s
entire knowledge database, in addition to
Spotlight features and lots more.

SOLUTION TO MESSY AND
DANGEROUS CORDS
The unsightly and dangerous mess
caused by numerous appliance and extension
cords may now be a thing of the past thanks
to an innovative new Australian-made prod
uct called ‘Clipaway’.
Clipaway, a deceptively simple-looking
device, has been designed specifically to tidy
up the modern home and workplace environ
ment where many electrical cords are neces
sary to run everyday equipment such as com
puters, hi-fi’s, telephones, and other electri
cal appliances.
Clipaway can be used on any size cord. It
helps tidy up work and home environments
by storing excess leads in tidy loops, stop
ping cords from pulling apart, fastening
cords onto appliances for storage and gather
ing cord up to 20 metres long among other
uses.
Clipaway is manufactured and marketed
by Cos Corporation, in Australia.
ROYAL INSTITUTE FOR DEAF
AND BLIND CHILDREN GETS
CONNECTED
BICC Brand-Rex, Liverpool, NSW,
recently donated 10,000 metres of Mega 350,
enhanced category 5 UTP cable for renova
tions at the Royal Institute of Deaf and Blind
Children, in NorthRocks, Sydney.

The renovations, provide housing for the
newly established VisionEd Department
which offers special education services for
vision imparted children.
VisionEd’s services are available
throughout NSW and include transcribinbg
books and exam papers into braille or large
print. The North Rocks building is the base
for a support network of teachers, therapists
and other specialists with expertise in deal
ing with deaf and blind children.
The Institute will use the BICC BrandRex's Mega 350 cable to link all the com
puters in the renovated building to the exist
ing intranet system. This will speed the
computer system significantly and allow
staff to communicate more readily, aiding
the individualised programs they run for the
children.
Over the school holidays, children attend
the Institute for intensive training using com
puters. Most of the children learn to touch
type to help them cope in the school environ
ment as most modern, visually impaired chil
dren use laptops. Special software allows
visually impaired children to use computers
making life much easier than if they had to
handwrite their notes in class.
Installation company, Netlan, which
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It comes with two 0.5-watt stereo speakers
and has both an analog and digital interface.
Especially important if a group of people
want to view the screen simultaneously, is the
viewing angle. With some screens, especially
on Laptops, unless you are directly in front of
the screen, distortion of the picture
occurs.With the LMU-TFT 150, the viewing
angle can be up to 140' left and right and up
to 120“ up and down with no picture deformi
ty.

looks after all the Institute’s IT requirements
was recommended BICC Brand-Rex cable
for the Institute by Krone.
APPLE SHIPS WEBOBJECTS 4 FOR
WINDOWS NT AND UNIX
PLATFORMS
Apple Computer, Inc. has announced the
availability of WebObjects 4 application serv
er software for Windows NT and UNIX plat
forms. While adding extensive Java support,
this major upgrade to WebObjects cuts appli
cation deployment time by offering ‘Direct to
Web’ pre-built reusable software modules
and dramatically improved performance.
Java support in WebObjects 4 includes
new debugging features and a Java project
builder assistant. Also included is a “directto-web” code free development assistant that
integrates built-in reusable components so
developers can create and post web applica
tions more quickly without writing addition
al code. The product now has faster transac
tional processing - five times faster than the
previous version - that allows web pages to
load more quickly on sites using
WebObjects4.
Also new in WebObjects 4 is multi
threaded application support, which cen
tralises administrative tasks to improve
application scalability, and enhanced moni
toring that allows developers to create their
own methods of measuring performance of
the Internet application.
COM.AU SUBSCRIBERS FILL OVER
HALF THE MCG!
Com.au hit 60,000 names making it the
sixth largest commercial domain space in the
world. Internet Names Australia, congratu
lates the 60,000 Australian businesses that
have registered Internet names in com.au the offtcal Internet space for Australian busi
nesses. This represents enough people to fill
well over half the MCG.
Coni.au registrations continue to grow
by approximately 3% every week and the
Internet space has doubled its size in the last
12 months. This can be compared with the
global growth rate of Internet names which
is only 1 % per week. If you add com.au to
the other .au Internet names, .au is the third
largest ccTLD (country code top level
domain) space in the world.
Recent Australian Bureau of Statistics
research confirms that Australians are
embracing the Internet in both their business
and private lives. The ABS said that nearly
4.2 million adults (one in three) had accessed
the Internet in the previous 12 months. (See
www.abs.gov.au for details).
NEW FLAT-SCREEN MONITORS
For people who spend a large proportion
of their day looking at a computer screen, the
good news from Sanyo is that they now have
a flat-scren LCD Monitor available.
The LMU-TFT 150 has a slim, 15-inch
active matrix liquid crystal display (LCD)
which gives a much clearer, brighter viewing
image than the average cathode ray tube

(CRT) monitor. Based on industry leading,
LCD technology, this monitor makes use of
Thin Film Transistors (TFT) which means
each pixel has its own array of transistors to
give a particularly brilliant picture.
The monitor has a resolution of
1024x768 pixels but can display lower reso
lutions down to 630x350 which means you
can play most computer games at high speed
while still using the whole screen.

FRESH VUE OF THE INTERNET
Clairview Internet Pty Ltd, a Brisbane
based provider, has released its first anti
pornography product called CVue to the
domestic market.
Chief Executive Officer, Alan Jones, said
until Clairview, no Australian Internet
Service Provider had committed to providing
an Internet service with the encompassing
aim of excluding access to pornographic
sites.
Using their exclusive Internet Sheriff
Technology, Clairview has already classified
more than 50,000 Internet sites.
Because CVue works directly from the
server with Clairview Internet Sheriff
Technology there is no special set-up, no
need for any additional anti-pornographic
software, and no upgrading required.

2000 Churchill

Fellowships
for overseas
study

The Churchill Trust invites applications from Australians,
of 18 years and over from aU walks of life who wish to
be considered for a Churchill Fellowship to undertake,
during 2000, an overseas study project that will
enhance their usefulness to the Australian community.
No prescribed qualifications are required, merit being
the primary test, whether based on past achievements
or demonstrated ability for future achievement.
Fellowships are awarded annually to those who have
already established themselves in their calling. They
are not awarded for the purpose of obtaining higher
academic or formal qualifications.
Details may be obtained by sending a self addressed
stamped envelope (12x24cins) to:
The Winston Churchill Memorial Trust 218
Northboume Avenue, Braddon, ACT 2612
or from: http://sunsite.anu.edu.au/
ehurchill_felk»wships
Completed application forms and reports
from three referees must be submitted by
Sunday 28 February, 1999.

