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1. INTRODUCTION

The 1990s were characterised by a corporate obsession with cost efficiency. This translated into an
information technology (1.T.) mantra of standardisation, simplification and integration, and led {o the

rapid adoption of enterprise resource planning systems.

The Interet has brought about a2 more open, immediate and global market, leading to the emergence
of a new economy. Omanisations must fres themselves from the constraints of yesterday’s business
models and transform themselves into more agile, efficient customer-focused enterprises, in order to
uniquely differentiate themselves from their competition. Gartner defines this as the Net-Liberated
Organisaticn. Leading enterprises are being forced to adopt an extemnally focused business strategy

that centres on Lhe customer to drive value generation.

1990's-Style Business: 2000's-Style Business:
Enterprise-focused Externally-focused
Efficiency: Focus on Costs > < Agility: Focus on Customer
Mass customization:
Mass production of goods > < goods, services & information

IT drives market differentiation

IT drives standardization

Enterprise synchronisation > < Value chain synchronization
> <Value optimization

Flgure 1: Tha Net-Liberated Organiagtion ~ A Philosophy for Post E-Buslness Sunvval [7]

Operatlonal optimization
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To respond to the challenges for Post-E-Business Survival, organisations must:

+ Allow the enterprise to decompose and recompose itself on a value-orientated basis, i.e.

enhance their value chain;
+ Make value creation the benchmark for all organizational decisions;
+ Reduce the power of organizational hierarchies;
+» Remove all source of friction to undertaking business;
¢ Ensure that a zero-latency information environment is available; and

s  Quisource business activities, including critical elements that can be better provided by

business partners that have superior economics of operation.

Such actions will enable enterprises to liberate lhemselves from the constraints of yesterday's business
envircnment and its focus on local and physical infrastructures. The net liberated enterprise will

transform itself to be mora agile with the ability to meet customer demands more efficiently.

1.1. KEy DRIVERS FOR BUSINESS MODEL CHANGE

GLOBALISATION

At he beginning of the 20™ century it took more than three months to ship goods from the USA
to Europe. Intemational telegram services were prohibitively expensive and the aftemnative was
suface mail. The speed of communication of both goods and information has been
revolutionised, and yet many business models still clearly exhibit signs of their 19 century
origins. The shrinking of distances makes -opportunities for the creation of global forces, which

have never previously been possible.
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Markets are global: competition is global: capital is gtobal; and Information and Communication

Technology (ICT) is a potert force in the development of globalisation.

;;-..:.'Tiﬂﬁlﬂ:!-#ﬁ%i‘—ﬁé‘“&

Figure 2: Globallaation [T)

Globalisation is not just working at the economic level, but at the sodial, politicat and cuttural
levels as well. The enterprise need to consider the way in which globalisation shapes their

markets and stakeholders.

Now the opportunity is for organisations to become the biggest and the best, not only by
expanding beyond the country of origin, but also by menging or partnering with companies

overseas.
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VIRTUALISATION
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Figure 3; Virtuallaation [T}

As global forces shape the macro-economic competitive environment, the shape of the
organisalion is also being radically changed. In order to be compslitive in global markets,
enterprises are obliged to strip out all those processes, which are not completely core activities.
Organisations should seek world-class sourcing partners to deliver these non-core services.
Whilst many of these Business Service Providers (BSPs) will make extensive use of ICT to
deliver their sarvices, the underlying trend to virtualization is driven as much by the need to
improve fundamental business measures such as the Return on Capital Employed (RQCE}, by

utilising the capabilities of emerging technologies.
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TRANSPARENCY

Figure ¢: Transparency [7]

There was a time when, what happened inside an organisation was strictly private. The
management team could run the concemn as their personal fiefdom, and stakeholders were
entitted to very little infomation. The very solid walls of the omganisation have started to
crumble, but there is still a tong way 10 go. In the networked economy, enterprises will become

increasingly transparent to all their stakeholdars.
They will be transparent to their;

+ Shareholdaers, driven by the twin forces of regulatory pressure for disclosure and
competition for capital, where the capital markets will become increasingly intolerant of

closed-door management;

+ Customers, who will expect zerodatency access to current performance data and to

planned performance;

« Strategic sourcing partnera, encouraging them to ldenlify new ways they can add

value; and

STUDENT NO: 0693-33-11 PAGE 10



« Society at large, as a representation of a muttitude of special interest groups, alf of

who will wish to ascertain that the highest standards of behaviour ane achieved.

TIME TO MARKET

Both new and existing companies are being pushed to develop new products more quickly than
ever before or risk losing to a compstitor that has taken the maximum advantage of the new

environment.

INCREASED PRODUCTIVITY

Both the private and corporate sector has been one of the major factors conltributing to growth in
the new economy, and this growth has occumed without inflation. The US Federal Reserve has
estimated that the use of information technology and the production of computers accounted for

about two-lhirds of the productivity growth between the first and second halves of the 1990s.

THE ‘WEIGHTLESS' ECONOMY

We are witnessing the increased valuation of intellectual property, which is displacing oil, gas
and other types of durable or physical goods from the old economy as the primary means of

making money.

CONSOLIDATION

Global mergers and acquisitions continue to redefine virtually every industry, especially

telecommunications.
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Saftware has become the way we engage the world, and software is ubiquitous. 1t is everywhere, from
the cars we drive, to the military equipment, to the cell phones that are allowing us more freedorn and
mobility. Software even exists in household appliances like refrigerators, and in tiny devices {ike the

cochlear ear implant for the hearing impaired.

History of Capilal Spending on IT

1680 1882 1684 1588 1988 1950 16852 1994 1998 1698

2000

Flgure 5: Growth of the Welghttess Econamy [US Bureau of Economic Analysls]

The graph shows comporate spending as a percentage of total capital spending growing from 18% in
1980 to 40% in 2000.

1.2. THE INTERNET: IMPACTING EVERY BUSINESS

As software is becoming more present in more places, so too is the Intemet impacting every
business, as it continues to drive more change and more opportunity. This inciudes all the

software that muns the infrastucture of the modem economy, the computing and
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telacommunications platforms, all the operating systems and middleware, and all the undertying
switching and routing software. This will also include our electronic devices and embedded
software systems, and e-business whether it is done by traditional brick-and-mortar firms that
are embracing new ways of developing relationships with customers or by dot-coms that exist

only online.

The role of ICT is not simply to supporl existing administrative processes but to create
competitive advantage through the innovative use of new I.T. and related technology. Effective
and efficient use of L.T. is a significant factor in the success or failure of businesses in all sectors

and industries.

Object oriented development has been around for over 20 years and was among the first
programming paradigms to acknowledge that software must continually change and avolve
throughout its lifelime. The technology improves the development process by making
applications more powerful end easier to use, and minimizes the impact of change by

combining behaviour and its associated data into a single package - the object.

1.3. SOFTWARE: THE KEY DIFFERENTIATOR FOR BUSINESS IN THE NEW

Economy

Companies are changing the way thay think about technology and how they use it, so too are
organisations ¢changing the way they buy the software they need. In the 1980s, software was
the domain of a centralised technology group that typically made all the purchasing decisions

and controlled the back-office systems used to autornate business processes.
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Through the 1980s, depariments and systems were becoming more integrated through
distributed architectures and corporate intranets. More corporate data became visible to more

people, and this led to a more robust front-office.

Today, in the new economy, we are observing a much more collaborative environment for doing
business. To stay competitive, every business must embmace the technologies of its customers,
its supply chain, and its pariners, and software is used as the ‘glue’ for these connections,
Since software is becoming more of a strategic investment, senior management of the

omanisation makes more and more decisions regarding these investments.

If organisations intand to thrive over the next decade, they will have to utiise software in a
creative way to deliver products and services or delight their custormers in new ways. Mere

software competence is not enough, as software excellence is becoming essential.

1.4. PROBLEM STATEMENT

An object can be defined as a piece of software that consists of data (attributes) and the
operations (methods) that work with the data. Each object has a name, and each has a
method. The attributes and methods define what it means to be a particular type of object and

how those objects behave,

Component technology is a method of creating applications and is finally gaining momertum
and a wide spectrum of acceptance. It promised to speed up the time it takes to create

software and also to make software products more reliable,

STUDENT NO: 08993311 PAGE 14



*The PC market really exploded when components came In, when you couid buy
memory and motherboards and put together a computer in any configuration you

wanted.”

“Component technology Is about to create the same type of explosion in software

productivity” Joseph Damassa, Vice President of IBM Marketing, Softiware Division.

One area that has not been blessed with such alacrity is softiware development. Programs or

any major intemet application takes several months to develop, and is often prohibitively

expensive,

The problem, component technology hopes to solve is a core software development issue:

+ An application's logic, its business nules, the detabase, and presentation layer ere all
inendricably mixed up in a menolithic application. A company typically cannot make a

change in any part of the program without affecting all others.
This approach worked a couple of years ago when change was predictable and slow.

It doas not work today in the new-networked economy, as companies realize that speed is not a

huxury, but the difference between survival and extinclion.
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1960s-1970s 1980s-1990s

70% Componenis
308 Custom

30% Components
Complexity 70% Custom

Process Adhoc Repeatable Managed and Measured

Predorminantly A Mix of Trained and Predominanly

Team Untralned Unirained Trained
Proprietary Mix of Proprietary and Commercial
Tools Nt Integrated Commercial Integrated
Nt Integrated
Predictable Always Unpredictable Predictable
Project Over budget infrequently Frequently
Performa nce Over schediie On bUngf On bungf
On schedule On scheduls

Tette 1; Software Project Performance Evolution

The problem is that speed and quality have typically been opposing forces in software
development, and they still are. In the past decade, businesses could sacrifice software quality
to make their shipping date, or compromise software features to meet time-to-market deadlines.
In the new economy, we have no choice and we must produce higher quality software in

Imtemet time.
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............................................

Sustained
@ Competitive
Advantage

Figuro §: The Softwere Development Paradox [13]

This conundrum forms the heart of what we call the "software development paradox. The fast
time-to-market is absolutely critical for business success. The competitive features that once
took years for the market to adopt now have become absolute ‘checkbox’ requirements for
consumers. Businesses respond with their own product plans, or risk losing market share, At
the same time, a poorly engineered product that gains wide visibifity simply because it captures
first mover advantage’ will utimately fail, due to low customer satisfaction. Products rushed into

market will typically not live up to the expectations in the vast Marketspace of the Intemet.

On the other hand, if we can get business to a point where we are not obligated to trade off
speed for quality, we can enjoy a sustained, compsetitive advantage in our respedlive markets.
Business success will depend on how well we execute in the process of software development.
We need spaed AND quality in the software development process, in order to evade the

‘software development paradox’.

An agile organisation may reduce complexity by:
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+« Managing the scope of the project,

e Reducing the size of human-gensrated code by ulilising higher level software

components to enable economically significant reuse, and

» Raising the level of abstraction by providing a visual model of the software design to

promote unambiguous communication with the business level.

1.5. IMPORTANCE OF THE PROBLEM

Figure 7 illustrates the basic flow of the computer hardware and software technology evolution

since the 1950s, when computers began to come into general use.

s ] G 5() g ) GG () grmm——] Q7 ' 1 G () gmtmrn=] GO 5 remmememanin’) () () () -+t

Computer Hardware Evolution

w200, Gonglrannistoraey

3t Gane

[ —~— - r.\\_‘-_-
. ... _ 4th Gan: LBNVSLIC . _ "
I /
]-\\-_

.. Sth Gen: Notwork /

Computer Software Evolution

2nd, GenyAssy,Languages,

wmm 3rd GonzHighhavalihanguigos s
L - ] _\

[“"Ta_uh _G-éh:'\fan’-‘y'_mgh Lavel Languages /

l..'oth Gan: lonlc Languagos. >

Figure T: A Schematic of Technob gy Development - 1350 to 2000+ [3]
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The modem age of computers started in the mid-1980’'s with the advent of the advanced
mainframe computers and the emergence of the desktop/networked computing environments,
coupled with the emergence of the premier Fourth Generation language, COBOL and its

successor languages.

Since 1985, thera has been a startling advance in both sofiware development time to market

and labour reductions, and (hese advances have been relatively modest,

Steve McConnell [1] used a matric called the Function Pgint io compare programmer

productivity across dissimilar languages,

VERY APPROXIMATE TIME FRAMES 1990 1995 2000
C++ VISUAL JAVA
AGE,
SMALL
TALK
5000 Function Point (FP) Source lines of code 435k 265k 105k 80k
Number of software developers 34 R2 11 9
Nominal schedule {calendar months) 28 22 15 15
Hourly cost of software developers $20to 2401o 24010 45t
$75Mhr $100Mmr $150Mhr $165hr
Typical LOW project estimated totat cost ($ milbons) 330 3.0 $1.0 $1.0
Typical HIGH project estimated total cost ($ millions) $116 §7.7 34.0 3.7
LOW 1985 REAL $ Cost $3.0 $4.0 $1.7 $2.0
{baselline}
HIGH 1985 REAL $ Cost $118 $10.3 $6.8 $73
{baseline)

Teble 2: Changes in Sofware Developmant Costs [1)
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A five-year block of time was usad to benchmark software technologies during the period 1985
to 2000, where a comparison of the development cycle times and costs wene prepared. In

1985;
» A 455k source line program was reduced to 90k lines in year 2000,
+  While the typical number of programmers required reduced from 34 to §; and

« The typical schedule went from 28 weeks to 15 weeks.

This constituted a 4:1 reduction in staffing needs, but only a 2:1 reduction in development cycle

time.

Since 1985 there have been waves of methods introduced to attack both development cycle

time and development labour/costs. A few of these include:
¢ Structured programming
¢ Object-crisntated progmmming
¢ Top-down design methodologies
e |Improved project management methods
s  Unified modelling language (UML)

s Requirements managemaent.

EXAMPLES FROM OTHER INDUSTRIES

Heow do mature industries deal with the development of complex systems? The automotive
industry develops very complax, precision devices called cars, and the part counts run into tens

of thousands, with countless variations that seem to share only four wheels in common. The
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problems incdude being in a high-competitive, somewhat regulated industry that needs to

produce new products annually or more often.

Componants Engire: 3.2 Litre 1700

Figurs &; Usa of Componantsa by the Automothve [ndustry

The modem automotve manufaciurer has become more of a system integrator than
manufacturer as the automotive companies have leamed the economic rule of Comparative
Advantage and long ago quit making their radios. Figure 8 illustrates how Nissan produces two

apparently different cars from virlually identical major subsystem components.

The logic of system component use by the automotive industry is germane to the high-tech
industry, and serves in many ways as a straightforward example of how to use components in
software. The information Technology industry makes effective use of components by a

rigorous set of standards that define interoperability.

A NEW SoLUTION: DEVELOPMENT BASED ON SOFTWARE COMPONENTS

Component based development (CBD) is an inevitable next-wave solution that has the potential

to improve time to market and resource/cost trends that have been ongoing.

Software components can be compared to Lego's as shown in Figure 9 below. The diagram
depicts how components fit onto an operating system or framework in two hypothetical
applicetions, with native components (written to interface directly with the framework or other

components) ' snapping’ into place, while those components that are not native requiing an
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adapter component to provide interoperability. Again, like the automative car, interoperability is

the key.

Application A “Application B
[Non-native oomggnantsl
Adapler components
1.
Operating System

Figure 9: Software Components ere Like High-Tech “Leges”

The underying software is needed to realize effective e-business, which must transcend

technology bamiers and provide business capabiliies that have greater flexibility in meeting

changing business needs or requirements. In Table 3, we depict the business factors that will

induce the technology challenges for the agile organisation.
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FACTOR AGILE BUSINESS CHALLENGE

Time to market There are rapdly shrinking windows of oppartunity,

Business fit There is a need to reflect, integrate and rethink business
processes.

Quality Consequences of software emors are often catastrophic
for e-business soluttons.

Cost savings There Is a2 need to reduce costs, be competitive and
exploit niche markets,

Adaptability Business can change ovemight,

Scalability There are fluctuating and demanding response Lmes
across vast numbers of users.

Consistency There |s a need for a single organisallonal view presemted
to the global village.

Integration Pressure inarease to purchase treadmill software and
levarage of existing I.T. Inveatmends.

Teable 3: The Refevance of CBD to the Agile Busineas [B]

A software development process is no longer appropriate in the globalised economy, and it is
now a process of evolution and integration. The new process must encompass e-business

planning, component architacture and legacy integration.

In the new networked economy, it is clear that the e-business phenomenon is a powerful force
emanating from the business side of the enterprise. Executives seem to understand that things
will be a lot different in the future and that they had better be prepared. The i.T. function of the
organisalion is asking what changes they should make to their infrastructures and architectural

directions,

The challenge is to include the need for greater spead in operations, more extensive business
process outsourcing, and even greater sharing of enterprise knowledge. The resultant of this

challenge is for the L.T. function to open up their business logic to extemal sources, give intemal
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and external users easy access to intemal information, transactions and knowledge, and enable

independent software vendors (ISV) to provide their application via portal access.

All of thesa changes share common characteristics or needs:
o High-speed (zero latency) immediate access 1o new information
¢ Quick conversion for ease of sharing information across multiple boundaries
e High-speed, high-capacity connectability

+ Flexibilty to set-up and change rapidly, and

Adaptability to respond to new demands,

The issue is almost never portability and nearly atways interoperability.

Software is the world's most critical industry and will be for years to come. Yet most companies
are spectacularty unprepamned to create the software that will redefine how they interact with

customaers or that will help deliver goods and services in new ways.

As we look at the drivers of the 'new economy’, we see why software is so critical to the success
of companies around the word, |t is clear that organisations need to closely examine and most
cases, dramatically change how they create the software that will serve the heart of their
busingss. Many companies have already leamt the hard way that the Intemet is not a quick fix,
nor is it a trivial matter to build a Web site that works well for both the customer and the

business.

Over the past year, the media have pointed to the demise of certain dot-com companies as if
their disappearance indicates a trend regarding the importance of high-tech in business. In fact,
many dot-coms have disappeared because bad business models were unable to sustain the

promises made to their boards and shareholders. Does this mean that technology is no ionger
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importart?  Not at all, as technology still drives the new economy. The difference is the
stakeholders in the new economy have remembered how important profitability is. Undemeath
all the former hype lies the enabling power of the Irtemet and the sofiware and communications
technologies that drive it, and all of which constitute a momre dramatic and fundamental
transformation of business than anything we've ever seen. The rate of change is just as rapid

as it was last year, and the direction is unequivocal.

The cover story of Fortune magazine's dated October 9, 2000 issue notes lhat we're living
through one of the most profound transformations in human society since the dawn of the lron

Age, and calls this the ‘Age of the Network’.

1.6. OBJECTIVES OF RESEARCH

In the new-networked economy, it is ctear that the e-business phanomenon is a powerful force
emanating from the business side of the enterprise. Exgcutives in an organisation seem o
understand that things will be a lot different in the future, and that they better be prepared for i,
The LT. function of the organisation is asking what changes they should make to their

infrestructures and architectural directions.

The chalienge is to include the need for greater speed in operations, more business process
outsourcing, and even greater sharing of organisation knowledge. The resultant of this
challenge is for the I.T. funclion to open up their business logic to extemal sources, give intemal
and external users easy access to intemal information, transactions and knowledge, and enable

independent software vendors {({SV) to provide their application via portal access.
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All of these changes share common characteristics or needs, which ane the objectives of this

research:
+  High-speed (zero latency) immediate access to new information;
s Quick conversion for ease of sharing information across multiple boundaries;
+  High-speed, high-capacity connectability;
»  Flexibility to setup and change rapidly; and

«  Adaptability to respond to new demands.

The issue is almost never portability and nearly always interoperability.

1.7. LITERATURE REVIEW

ORIGINS AND DoMAIN OF CBD

The business world is being profoundly transformed by the intemet and the Warld Wide Web.
The zeal with which customers have embraced the wab and begun to buy products over the
Internet completely atters the economics involved in selling and distributing goods and services.
The web has also provided the foundation on which best breed retail and service companies
are beginning to evolve. In a similar way, technology and the intemet has allowed us to
integrate both intemal legacy applications and the applications of mulliple companies, which
promises us a new era of productivity that will reduce the costs of goods and services, and

promote a worldwide swell in economic growth.
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E-business applications require profound changes in the way companies are organised. They
depend on the major changes in core company business processes and they require a whole
new approach to software development (Allen, 2001). E-Business applications will integrate
legacy applications to make their resources available to customers throughout the world, and

this type of integration will require the use of software components.

These software components will not only aid the integration issues, but also guarantee that the

company’s resources will be available to the Warld Wide Web.

In Realizing e-Business with Components [12] the author agrees that the common approach to
software development is a lack of planning and analysis, resulting in inflexible solutions that are
unable to integrate or change at the speed of light. Most organisations jump on the e-business
bandwagon, without fully understanding what they are getting into. Allen [12] provides a
practical approach to planning, analysing and the delivery of e-business systems using
component-based development (CBD), He defines CBD as the approach to problem solving

using software building blocks.

A software development approach whera all aspects and phases of the devslopment lifecyde,
including requirement analysis, architecture, design, censtruction, testing, deployment, the
suppoiting technical infrastructure, and projedt management are based on components,

(Herzum and Sims, 2000}

AN ARCHITECTURAL APPROACH

E-business fundamentally changes the tradilional approach to business strategy, which rests on
the assumption that IT exists to support business. E-Business improvement planning is an

incremental and continuous process that recognises that |.T. is now an integral component to
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the success of business strategy (Allen, 2001). Hence this impfies that the business has to

deliver a clear-cut business case that balances the strategy with the delivery.

“For those of us working in I.T. today, the key change Is that CEOs will be driving this
transition, CEOs don’t know about technology, but they will be demanding results. H 1T,
groups aren’t careful, they will agree to undertake development efforts without first
putting new architectures, new infrastructures and new component development
processes In place. if they do, they will probably doom thelr companies to obsolescence

during the course of the next decade.” (Harmon, August 199%)

Business requires a way to balance slrategic issues with fast resulis and timely software
delivery, requiring I.T. to raise the bar and be more proactive. The generations of sofiware
technology to the 4™ generation languages (4GLs), have fallen short of raising the bar and

enabling the shift in mindset.

Cemponent technology development (CBD) provides real opportunities to adapt to the agile
orpanisation and its continuous improvement in business processes demanded by the client on

the World Wide Web.

BENEFITS OF CBD
The compeonent based development approach addresses three pervasive problems with
traditional systems development;

e Quality,

¢ Productivity, and

«  Flexibilty.
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Technology solutions (applications) developed with the traditional approach have been
notoriously error-prone, expensive and inflexible. The component based approach has the

potential to reduce erors, reduce costs, and increase flexibility because of its inherent features.

Firstly, each component in a system is relatively small, seif-contained, and manageable — which
reduces Lhe complexity of systems development and can lead to higher quality systems that are
less expensive to build and maintain. Secondly, once a component is defined, implemented
and tested, it can be reused in other systems. The reusability of components will greatly
increase productivity, resulting in improved quality as the reused compaonents ere proven
products. Lastly, systems can be modified or enhanced very easily, by changing some of the
components or by adding new types of components, because components are sef-contained

units that can be changed or replaced without interfering with the core of the application.

These potential benefits are the driving force behind CBD.
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2. BENEFITS OF DEVELOPING BUSINESS OBJECTS

Exampte: Car Exampla: Car Object

ACar's Info Actlons on

« Speed

« Fuel Level

« Spead the Car Repaint oL Stop
» Fuel « Start/ stop/ « Colour
« Colour Accelerate ’

« Fill Fuel /

~Repaint

V4 F#l Fuel Q
L | L J )

Attributes Functions Attributes Methods

Figuro 10: A Definitlon of Objects

2.1. OBJECT ORIENTATION — A PRIMER

Object orientation development has been around for over’ 20 years. it has been the first
programming paradigm to acknowledge that software must continuously change and evoive

throughout its lifetime.

In the earty 1970s, software had advanced to the point where an ad hoc development process
was no jonger feasible. The fisld of software engineering emerged to bring advanced planning
and external controls to the process and succeeded, to some extent, in organizing chaotic, time
consuming endeavor. However, software engineering only provided an interim solution. By the

1980s, programs and applications had become so complex, that they required vast amounts of
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resources and programmer time to during the davelopmert, debugging and implemerntation
phases. The combination of an integrated enterprise-wide application system and the
popularity of the intemet have introduced more complexity to the systems development
lifecycle,

To facilitate the delivery of consistent, scalable software within budget and time constraints, the
.T. function of the enterprise have been tuming to the object-orientated paradigm, in the hope of

solving these problems.

This permanent change to develaping software applications, utilizing object orientation will.

+ Improve the davelopment process by making applications mone powerful and much

easier to use;

¢ Minimize the impact of change by combining behaviour and its associated data into a

single package - the object;
+ Reduce the amount of time and effort necessary to produce an application;
¢ Encourage reuse of exisling software code; and

« Make such reuse practical.

2.2. “TRADITIONAL” VERSUS OBJECT-ORIENTATED SOFTWARE

DEVELOPMENT

Object technology has been publicized as a revolution in software development because it tums

the convertional view of systems design upside down. In the “traditional “scenario, software
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and systems development staris with a problem, which is then decomposed into a numerous
sub-problems. Each of thase sub-problems may be further broken down until a level is reached

at which code can be developed.

An exarmple would be a private client portfolio application which is broken down into smaller
problems like developing a user interface, a command processor, a client loading irnterface, and
so on. This approach is known as the ‘top down' and is well suited to centralized, hierarchical
computing envionments. A traditional, structured design technique will include entity-
relationship diagrams, where an application is seen as a collection of real-world entities that
interact with each other, and the data-flow diagrams will treat the application as a way to move

data through the system.

Object-orientated development Is 'bottom up’. Since the world appears to be composed of
objects, software systems would be closer to reality ff they, too, were to be built up from objects.
A systemn will solve particular problems or address particular tesks by creating logical objects
comesponding to the elements of a given scenario. A private client portiolio application will
comprise of the following few basic objects — dients, accounts, portfolio values and recurring
raports, and the application is created by specifying communication paths and inheritance

hierarchies.
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Procedural Methodology Object-oriented Meihodology
- Data Attributes
?;pomt( ) Data Type (ag. Balance, account status,
Show Account owner)
balance( ) {Number,
{h integer, type,
Withdraw () string;}
{r
Number:
owner
Functions/ Data
Procedures Methods or member functions

Flgure 11: The Difference in Object-Orlentation

2.3. DEFINITIONS

WHAT 18 AN OBJECT?

An object is a piece of sofiware that consists of data (attributes) and the operations (methods)
that work with the data. Each object has a name, and each method has a name. The attributes

and methods define what it means to be a particular type of abject and how that abject behaves,

James Martin's definition:

“From a very early age, we form concepts. Each concept is a particular idea or
understanding we have about our worfd. These concepts allow us to make sense of and
reason about the things in our world. These things to which our concepts apply are

called objects.” [14)
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Coleman defines an object as:

“An object Is a thing that can be distinctly identified. At the appropriate level of
abstraction aimost anything can be considered to be an object. Thus a specific person,

organisation, machine or event can be regarded as an object. " [15]

Software objects are actually modeled after real-world objects. An example would be a portfolio
account object might contain a set of data (client details, cash balance, cumrent heldings, capital
gains tax on the cument holdings) and the methods that operate on that data (calculate current
holdings, subtract cash balance, deduct management fee, calculate brokerege and calculate

net gain on cument holdings).

The types of objects in 2 computer system may be dassified as user interface objects,

operating environment objects and task-related objects.

s Usarinterface Objects

These ame objects that physically appear on the computer screen, and end-users
directly interact with them. All these objects have attributes, Lhey exhibit behaviours,

they interact with each other, and most importantly, we as users interact with them.

s+ Operating Environment Objects

These are objects that exdst somewhene in the computer network of is controlled by the
operating system of the computer. In a client-server architecture, the dient and the
server are regarded as objects, as the server-object will provide services for other
objects (print services and database services), and the client-object will request

services from the server-objed.
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» Task-Related Objects

These objecls actually complete the work. They include document objects and
multimedia objects, and sometimes referred to as problem domain objects. Their

tasks, in most instances, are involved in information processing in the application.

INSTANCES AND CLASSES

These objecls actually complete the work. Thay indude document objects and multimedia
objects, and sometimes referred to as problam domain objects. Their tasks, in most instances,

are involved in information processing in the application.

METHODS

A method may be defined as the behaviour or the responsibility of the object, i.e. defined as a
procedure. There are two typas of methods — standard methods and custom methods,
Standard methods indude knewing how to add a new object, knowing how to show information
about an object, knowing how to delete object, and knowing how to change the values of the

attributes of an object. Custom melhods are custom designed for a specific dass of objects.

ENCAPSULATION

Encapsulation is the procass of combining data and functions. This process dictates that an
object can identify ils methods and data, and not allowing other objects to manipulate its state

without its knowledge.

The benefit of encapsulation allows:
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+ Changes without causing a ripple effect, and

s Developers to ‘divide and conquer’, when coding.

Procedural Approach Object Approach
Task: Deposit R50 to savings, calculate Task: Deposit R50 to savings, calculate
| interest interest

Account Objact Intarest Rate Object
What |s Intarost Roto?

Retrieve interes! rate
froam datatiase, IS_ rate
_calculate interest varinhta?

[,
et lumtien
[rwl Balare e B

lYu

Calcubiatn intorast
(AL [ty return 1o main

pregram

Figure 12: Encapoulition

POLYMORPHISM

It is possible to use the same name to denote the different methods for different objects, as thay
are defined independently from each other. The method add may have a different definition to a
word processor object (bring new text), a spreadsheet object (aggregate the contents of specific
cells), or a contact manager object (include a new name and address to a database of clients).

Using the same name to denote different procedures is called polymorphism.

The benefit of polymomphism is that it separates the operations from method names, allowing

‘divide and conquer’.
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Procedural Approach
Task: Deposit RE0
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Ineraasg Balangy

Ineznasg Balancye;
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allow: yrdes worlh
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Object Methedology
Task: Deposit R50

Ascoun
Objoct

(4

incroasa Balarco

DX
(>

Maka Funds Start accruing
Avalablo interast

4
(D

Allowsr Troude

Flgure 13: Polymorphism

CLASS HIERARCHIES AND INHERITANCE

Classes are related to one another in 2 hierarchy. An example would be a portfolio object as the

single system object. The second level of the hierarchy may consist of bank account class,

which contains information on the variety of accounts offered by the investment bank. The third

level of would identify the specific types of accounts, such as savings eccounts, morigage loans,

cheque account and credit card account At a lower fevet is the class of the spedfic account —

an axample being savings account 1234 78927,

This hierarchy implements the concept of inherifance. In an object-orientated system, dasses

at the lower levels of the hierarchy will inherit attributes and methods from the parent classes

above them.

The benefit of inheritance is that it

s Reduces redundant coding, and

¢ Simplifies maintenance,
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Dascription Benefils

«Machanism of sharing coda .Reducss redundant coding
batween classas that are «Simplifies Maintenance
hierarchically relatad

~ Account objects
“parent class”
methods - Issua
statement, sharo
balance, withdraw,
and depasit - are
inharited by all
diflerent typas of

- accounts

Generalize

Specialize

Flgure 14: Inherltance:

2.4. ANALYSIS AND DESIGN WITH OBJECTS

Structured and information engineering methodologies are still popular, but many organisations
are tuming towards object-oriented analysis and design where their business processes and
come systemns requine frequert change, A oore feature of object-oriented analysis and design is
that it represents reality better than the traditional data flow, entity-relationship, or state transition

design approaches.

Critical {o object-oriented analysis and design is viewing applications as modelling an
organisation's business processes. Ouring the analysis phase, these business processes arg
identified and cperationalised as objects and communication flows. The translation into an
cbject-oriented design is straightforward, and creating the progrem consists of developing

{coding) the objects and gluing them together.
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As there are muitiple methodologies available for traditonal software system analysis and
design, the same holds true for objecti-ofiented analysis and design. The primary

methodologies are:

+ OMT from James Rumbaugh. This methodology is based primarily on structured

analysis and design.

« Booch Method An analysis and design technique developed by Grady Booch

specifically for C++, and now being revised JAVA,

* Objectory. Developed by Ivar Jacobsen which models a system as a series of

scenarios that shows all the avenues a user will interact with such a software system,

« Rational Unified Process {RUP). A technique that combines Booch, OMT and

Objectory and supports Unified Modelling Language (UML),

Intgmational Trade Hanking System

Roducad
devalopmont
lime trom 2-
12 yoam g
manths

Objoct classes developed for 151 applcation... ...Ware reused to reduce developman! Ume
for the noxt

Figure 15: An Example of en Object-Orientated Syxtem
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2.5. OBJECT-ORIENTATED PROGRAMMING LANGUAGES

Java C++ Smalltatk Object Eiffel
Cobol
Object- Pure Hybrid, Pure Hybrid, Flexible
Oriented extension to C extension to
Language coBoL
Binding Time Either Elther Late Elther Compliesto C
(Early or Late)
Classes Yes Yes Yes Yes Yes
Encapsulation Yes Yes Yes Yes Yes
Component EJB and Microsoft CORBA No No
Model JavaBeans, COM, Components
CORBA Active X,
Components CORBA
Components
Inheritance Yes Yes, except for Yes Yes Yes
Microsoft COM
Multiple No Yes No No Yes
Inheritance
Class Yes Yes Yes Yes Yes
Libraries
Type Both Static Dynamic Dynamic Static
Checking
Polymorphism Yes Virtual Yes Yes Redefinition
Funclion
Partizally No No No No Deferred Class
Defined Class
Memory Automatic Programmer Automatic Autornatic Automatic
Management
Garbage Yes Beginning to Yes Yes Yes
Collection appear
Commercial Yes Yes Yes Yes Yes
Availability
Teble 4; A Compartson of Mzjor Object-Oriemtated Languages [7]
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The market leaders at this time are Java, which is a pure object-oriented language.

2.6. UNniIRED MODELLING LANGUAGE (UML)

Unified modeling language (UML) is the latest trend in methodology and design circles. The
idea of an oriented design and development standard began during the *method wars® of the
late 1980s and early 1990s, when dozens of software development methodotogies, each with
its own set of artifacts, vied for aftention. Singe no method provided all of the features required
for full-cycle development, a new group of ‘second generation’ methodologies appeared in the
mid 1990s.

Three of this generation's methodologists, Grady, Booch, Rumbaugh and Jacobsen embarked
on complementing each other's ideas as part of their own methods. [n 1995, Rational Software
hired Rumbaugh, Grady and Booch and they proposed a unified method that would combins

the best features of their methodologies.

At that time, each methodology had its own medeling language, making it very difficult for users
and organisations to transfer skills or reuse existing models. As work moved forward at Rational
Software, the trio (Rumbaugh, Grady and Booch ) developed a single modeling notation, and
not a single methodology. UML 0.8 of 1995 became the common language for models and

artifacts.

n July 1997, the Object Management Group (OMG) adopted UML 1.0 as the language
standard. In June 1898, the standard was UML 1.3, and the OMG is now evaluating proposals

for the long-awaited UML 2.0.
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UML is a language for specifying, constructing, visualizing and documenting the artifacts of a
software-intensive system. UML has significant potential to ease the application developrment,

maintenance, and even integration in today's Web-enabled, composite software world,

UML provides a standard set of graphical and descriptive antifacts, which works with any design
methodology or any software development technology, es it is an aid to collaborative

development.

Since the adoption of UML as a standard, application development has undergone a paradigm
shift, as much of today's software development does not focus on creating entirely new systems
from scratch, but instead on developing composite systems consisting of both old and new
code, sometimes in different fanguages, and bringing it out over the Web. These systems
require effective integration of disparate applications and at least some degree of component-

based development, thereby complicating development, deployment and maintenance.

Many systems must also nun on different operating platforms and multiple tiers, so that user or
platform interfaces, program or business logic, and back-end information must be separate
subsystems. Soms new systems consist entirely of reusable plug-and-play components
interconnected via scripting or glue code {middleware), so that the interaclions between these

components must be well understood.

UML, as a modeling standard, ¢an help alleviate at least some of this complexity. By creating
accurate diagrams these, these can catch bugs or unwanted behaviour during the multiple

stages of development. Today, mast of the tools available for analysis and design offer reverse
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engineering, so that developers can create diagrams from existing code, and synchronise

between code and diagrams, so that changes made in either view aro also made in the ather.

One of the weak points with early UML tools was that they were not weli integrated with
development envimnments, creating a no-bridge effect between modaliing and coding. As a
result, organisations tended to overlook modeliing in the rush to get applications, especially
those used for e-business up and running as soon as possible. In today's integrated
development environment (IDE), both modelling and development too! vendors are trying to
eliminate this gap by partnering with one another. Vendors have created an omganisalion called

Eclipse (www.edlinse org) to benefit from such partnering or alliances.

UML - I1s BUSINESS BENEFIT

UML is designed for visualising, specifying, constructing, and documenting object-orented and
componsnt basad software. Tha language provides consistent diagrams and specifications that
can be applied to any methodology, computer language or technology. It can be used to design
individual classes or components to entire systems and even databasas, as many vendors offer
products featuring round-irip engineering between UML diagrams and database schemas or
application code. During the last couple of years, UML applications have broadened to include
modelling new technologies like EJBs {Enterprise Java Beans), ActiveX, COM and XML

document formats.

UML - Basic DEFINITIONS

The language consists of three main elements; the basic vocabulary, the rules for combining

vocabulary elements, and several common rmechanisms.
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UML Vocabulary

The vocabulary provides a facility for treating things, describing relationships between these

things, and constructing diagrams that group these things together.

Things They can be defined as UML'’s basic building blocks and
indude structural things, behavioural things, grouping
things and notational things.

Structural Things or They are primarily static components and function as
Nouns ‘nouns’ in the UML. They include the following:

Classes, which are abstract representations of people,
places, systems, etc, which have shared characteristics.
Classes have attrbutes (values) and operations
{behaviours that alter these values);

Intorfaces, which let objects pass information between
one another independently from their inner workings;

Coflaborations between classes, where two or mome
dassas work together;

User Cases, which graphically describe the set of
behaviours that produce a specific rasult;

Controller Classes for managing and sequencing events;

Components, which subsume one or mom classes,
interfaces, and/or collaborations; and

Nodes, which are physical elements like computers or
printers.

Behavioural Things These are the ‘verbs' of the UML. These include the
following:

Interactions, which is a set of messages between the
objects that generats a specific result; and

State Machines, which describe how an individual object
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responds to events that may occur during its [ifetime.

Grouping Things They describe how an application is organised.

Package, is a conceptual too! for describing relationships
between components. Since a package is logical, it may
eventually end up as an object, a subsystem, or an entire
system when the application is coded

Relationships These describe how things interact with each other or
combine to form largar things. There are four types of
relationships in the UML:

Dependency, where a change (o one element affects
another element (the dependernt),

Associatlon, which is a link between unrelated classes.
Aggregation is a special type of association, where one
object may comprise of two or more objects;

Generalization/Specialisation, where a child object is a
speciglised form of {and substitute for) a more general, or
parent object. This is the core concept behind class
hiererchies and inhertance, where the most general class
sits at the top and each lower class is a more specialised
version of the dass {es) above it; and

Realisation, when one element specifies something for
another to cany out.

Diagrams Diagrams provide tha syntax for the UML, as it helps users
visualise a system from different perspectives.  While all
struclured and object-oriented analysis and design
methodologies use diagrams, the UML standardises them
into nine distinct types. Here we use a banking systemn as
an exampie.

Use Case Diagram This shows a complete set of events initiated by a human
adlor or computer system. It represents a spedific task
and, at & high level, identifies the people, systerns, and
actions that are included as part of the task — as it
ooncentrates on what is done and not on how it is done.
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Use case diagrams can help teams gather requirements,
communicate with a systern's end users or generate test

casas.

Use cases consist of one or more scenarios, each of which represents one step within a lask
Withdrawing maoney from an account is en example of a use case. Scenarios for this use case

might include working with en ATM, speaking to & teller, or transfening monsy from one eccount

Interface! O— ..r
g¢extends
aextends»
Withdraw Money Interface2 O

to anothar.

cuses»

b

eextends»
Bank Client
ransfer fromfo
Interface3 O
Account
Flgure 16: Uss Case Diagram Example for Withdrawal of Funds
Class Diagram These diagrams show all the dasses, interfaces,

controllers, collaborations and relationships between them.
For each dlass, the diagram shows the class narns, ils
attributes or characteristics and the names of its operations
{tasks that it performs)
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Cheque sccounts, savings accounts, tellers, ATM machines and customers — as well as their

altnbutes end behaviours are shown in class diagrems.

F Subclass 1
-Special Attributes

+Special Methods()

General Class

-Common Atftributes

+Common Methods()

Subclass 2
-Special Attributes
+Special Methods()

Object Diagram

Flgure 17: A Class of Objects

These provide e realworld example of a class disgram, as
it shows what happens to specific instances of dasses.
They can assist us to explain very complex relationships

betwseen dasses.

An objacl diagram might be used to mods! the behaviours of intarsst-bearing varsus non-

intarast bearing cheque accounts.

One object of Class 1

||Interest Bearing Cheque Accounts

Is associated with

Many objects of dass 2

Nonnterest Bearing Cheque Accoun

-Aftribute 1 1 -Atiribute 1
-Attribute 2 -Athibute 2
-Aftribute 3 -Atiribute 3
+Method 1{) +Method 1)
+Method 2() +Method 2()

Figure 18; Two Classen with an Association
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Interaction Diagrams - These diagrams show how objects collaborate to make an
Sequence and Collaboration action. There are two types of interaction diagrams, which
Diagrams show different views of the same set of information,

A sequence diagram shows how operations are camied
out over a period of time. it displays the objects involved in
the interaction, the messages sent between them, and the
order in which the messages are sent.

A collaboration diagram identifies which objects take part
in the scenario. These emphasise object roles instead of
the order of operations.

in tha casa of withdmwing monsey, sequence or collaboration diagrams might be used fo
describe all of the possible scenarios involved with withdrawing money. These might include

trying to withdraw too much money from an account, successhully meking a withdrawal, or

withdrawing from multipie accounts.
asiact B
¥§ Actor
I
[
[
’
’ crerntod)

v

measagael()

v

mesasage2()

4

messageal()

————— T

moassagod()

W

----7\--1---—--------

Flgure 19: A Sequence Dlzgram Notation
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State Chart Diagram This diagram models the Iife cycle of a complex object,
showing how it reacts to specific events within the life
cycle. It identifies ell of the object’s possible states and all
of the events, or transitions, that cause the object to go
from one state to another.

In UML, a state is a situation where an object performs
behaviour, waits for an event, or exists in a specific
condition. State charts model the dynamics of a system,
subsystem, or class.

A state chart might describe the entire life cycle of an account, showing ils stafs before, during, or afler

deposits, withdrawals or other actions.

-
Gheque Accouna

Deposit()

Gavourable Balanc@

Withdrawal()

(Unfavc:urabla Balanca

Flgure 20: 5tato Chart showinp Stato Trangitions
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Activity. Diagram These are the ‘flowcharts’ of the UML, as they identify the
sequence of activities in a process. Activity diagrams can
model how objects move between states, the flow of
control between activities, or the dynamics within a specific
set of objects. Where state chart diagrams model how a
systemn or class changes over its lifetime, activity diagrams
modsl the flow of activities.

An activity diagram for an account would show all possible ways for transactions to teke place over its

ifetime.
Component or Package These diagrams show how individual objects are
Diagram combined in packages or components. These diagrams

are abstractions that represent how objects, classes, or
logical things are actually packaged together in the
system.,

A compenent diagram might raprasent all of the accounts ownsd by a particulsr barnk branch,

Deploymeant Diagrams Thess diagrems provide static view of how software will be
implemented on specific pieces of hardware (nodes) when
the system is buit These diagrams focus on hardware
topology and provide the same funclions as class
diagrams, but applied to the physical hardware.

Deployment diagrams are useful for complex systems and
can help mange round-trip engineering.

A deployment diegram may dsapict tha type of computers (workstetions, mid-range, and mainframes)

and natworks at each branch and at the main office.
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Static and Dynamic Views Together thesse nine diagrams provide both static and

Rules

dynamic views of the system. Static views indude the use
case, class, object, component and deployment diagrams,
which show the relationships between the elements that,
remain constamt over time, Dynamic views include
sequence, collaboration, state charl, and activity diagrams,
which show how the state of a system and its components
changes over time.

Like all languages, the UML incdudes a set of rules for
constructing a wel-formed mode! — semantically consistent
model that works comecily by itself and in relationship to
other models. The UML rules primarly relate to how
language elements are named and the scope of the
names within the system.

2.7. BENERTS AND RISK — OBJECT TECHNROLOGY

Today, object technology is used to create enterprise-wide, heterogeneous software systems
that integrate different types of applications and data and operate over the Web. Using the
traditional, structured programming method would make it impossible for these applications to
be developed, to be maintained or updated. Web access, is absolutely critical to the new
generation of B2B and B2C applications, many of which requim communication between

heterogeneous applications and systems from multiple organisations.

Object-oriented applications are more likely to appropriately model the world of the user than
thase developed by tradiional methods. This is because of the almost one-to-one
comespondence between objects in the user's world and program objects in the application - a

relationship that makes the translation from user requirements to completed application easier
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and more straightforward. From a developer’s perspeactive, the main benefit of abject-oriented
analysis and development is that they are forced to think in terms of the organisation rather than
the softiware. By using an object-criented language, software developers are better able to
model the essential features of the application quickly, since the ‘meat ’ of the application is

largely contained within the objects themselves.

A second advantage is that objects are more likely to be reused on other software development
projects, as object reuse has become one of the strongest-sefling points for object-oriented
programming. Reusability is espedally helpful with graphical user interface (GUI) components,
since using the same components in a number of different applications will generate a
uniformed appearance, making the applications much easier to leam and use. Reusability
results in decreased development costs and development time, as well as incraased reliability
and ease of maintenance. Traditional programming languages fail to provide the flexibility and

component reusability needed for rapid prototyping and ongoing maintenance.

An cbject is an entirely seff-contained package, and it can theoretically be used on any software
system running on an appropriate hardware platfiorm. Up until now, object interoperability was
restricted, and most software vendors would limil the number of platforms on which their
products could operate. In the past three years, efforts from a few vendors and standards
organisations have made the idea of platfonm-independent, distributed objects possible. Such
an organisation is www.edipse.om, allowing the interoperability of objects across mulitiple

hardware platforms.
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2.8. BENEATS AND Risx - UML

The UML's greatest strengths are its flexibility and extensibility. The notation can be used with
any modem sofiware devalopment methodology and provides facilities for creating components
as well as objects. Features like stereotypes, constraints, and tagged values make it possible to

extend the language’s capabilties or create customn syntax

UML is also vendor neutral, Atthough originally developed by Rational Software and a variety of
partners, the OMG has maintained the UML and associated standards since 1997. The
technology is freely available to everyone so that nearly all object-oriented modelling tools

support at least some form of UML.

The UML standard is continually evolving. Early versions suffered from incomplete semantics,
including misatigned activity diagrams and state chart semantics. Over the past two years, the
standard has been challenged by linguistic subsets, such as OCL and workflow. Most of these
have been addressed in tha latest version (version 1.3), and the next major release (version

2.0y will further refine the fanguage.
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3. COMPONENTISATION - A BEST PRACTICE

3.1. INTRODUCTION

The emergence of compaonent-based development (CBD) is one of the most important events
in the evolution of information technology. Whilst there has been a significant development in
companies increasing their capabilities in both the hardware and network arenas, the delivery of
quality software applications at the right time, has been a critical inhibitar in supporting business
enterprises. Sofiware development has rernained a ‘craft’ industry, plagued with problems of

delayed and cancelled projects, inadequate quality, long cycle times, and associated high costs.

Specificatlon &
Execution Standards

N\

Encopsuknied

Business Service
Components \ Component
Based I
Development \
Adaplabie
Bulld. Buy cmd/
Assernble

Reduced Cost &

Evotufion thvough Time-fo-Markat

Plug & Piay Burslness Service
Based Applcatons

Flgure 21: Impact of Components [1€]

Software components address these core issues in four fundamental ways:

s They deliver applications that are designed to be adaptable to business and technology

change;
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o They increase productivity and speed of delivery, without a loss of quality,

« They provide a practical transition framework that combines legacy applications and
legacy technologies, together with modem approaches. By providing a transition, these
components proted the existing I.T. investment and enable a progressive evolution

and rapid response to the changing needs of business; and

s Componentisation removes the need to make binary decisions batween build end buy,

enabling an integration approach.

Components offer the promise of a software marketplace where components may be buitt,
bought or sold in a similar manner to components in other industries. Certified components can
be acquired, implemented or updated alongside existing applications without disruption to the
existing operational systems, which is the equivalent of hardware plug-and-play. If applications
are constructed this way, they would no longer become out of date, or be unable 1o adapt to
changes in the business processes, or adapt to new technologies. Any new component can be
implemented to extend the functionality of the existing application in a controlled approach, and

applications can therefore evolve rather than require periodical and costly replacement.

Component based development (CBD) is not a fad, but a set of concepts that are extremely
simple to implement  The crux of CBD is that if business services/processes are designed as

components, they are inherently reusabls, as opposed to being designed for cbsolescence.

Two years ago, the software industry was congentrated on supporting distributed objects,
object-orientation and object request brokers (ORB). As technology progressas, there has been
significant evolution and re-orientation of the underlying concepts. Today, there is widespread

consensus that object-oriermation is the best systems design approach, and software
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components are the delivery mechanism and architectural foundation on which applications

should be integrated and managed. ~

The industry leaders like IBM, Rational Rose, Sun Oracle and SAP and many others have
embraced component models aes the interoperability back-plane for their respective product

lines. We can now observe that

» Component technologies are becoming a fundamental part of the operaling system

environments;
+ Middlewars products now provide support for the de facto component models;

+ New gge development tools provida modeling support and component

build/genaration capabilities; and

e Enterprise package solutions all embrace componentisation as a means of solving

some of the core issues relating to enhancement, maintenance and upgradeability.

The Intemet has also been a maijor influence in raising the awareness that websites and their
processes require constant business process change, and the best way to enable constant

change is by componentisation.

3.2. WHAT ARE SOFTWARE COMPONENTS?

A definition:

“A component is a unit of compositon with contractually specified interfaces and
axplicit contoxt dependencios only. Context dependsncias are specified by stating the

required interfaces and the acceptable execution platform{s}. A component is subject to
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composition by third parties. For the purposes of independent deployment, a

component needs to be s binary unit”, Szyperski, 1998 [12]

Ancther definition:

“A component is an identifiable plece of software that describes and/or dellvers a

meaningful service thatls only used vig well defined interfaces”. Butler Consulting Group.

Interfaca
—C0
B —0
Componant \.
——=0 bt
Plug \ A depends on depends on
1t
Sockat C O
Componont W
Erwirmrnum\.

Flgure 22: Beslc Companent Concepta [12]

A component is pant of a larger structure, and it is an element that contributes to the composition
of the whole, with stable, defined interfaces. We can draw analogies with manufacturing

organisations or motor assembly organisations to illustrate how components work in a system.
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Essential Characteristica

» |dentifiable

»  Traceable through full development life cycle

s Replaceable by componernts offering the same services
+  Accessed on via Interfaces

*  Services offered through interfaces must not change

e  Accurately documented services

Desirable Charactoristics

¢  Physical mplernentation is hidden

+ Independent of ather companents

+ Encapsulated

+ Reuse of services not constrained by physical mplementation
« Can be used dynamically

= Offer generic services that can be adapled to specific needs

Table 5: Characteristics of Components

Components exist in a physical, logical or congeptual form, and they should all exhibit the

following characteristics;
identifiable — components should each have a clear identity;

Traceable — components should retain their identity and be traceable once they have been

consumed into another component or application;

Replaceable - they could be replaced by a new version or ancther component offering the

same sefvice, with no impact on the consuming application;
Accessed via interfaces — they are only accessed vie defined interfaces with no dependencies

on the physical implementation of the component,

Sarvices offered through interfaces should not change — although the physical
implementation of a componert might change, the service offered via the interface should not;

and
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Accurately documentad service — in onder to enabls reusabifity, services offered via an
interface must be accurately documented in such a way that it is possible to understand not just

how (o communicate with themn, but what service (functionality) they provide.

These charactenistics are desirmble and oplionat:

Physical implementation is hidden — the actual service delivery of the component should be

hidden from the consumer;

Independent - components should be independent of the implementation of other

components, otherwise Lhey will be termed as sub-components;

Encapsulated — componerts should be encapsulated and only expose their services they

provide via the interfaces,

Can be used dynamically — components can be dynamically assembled into applications.
Due to a growing need for applications to be available 24*7*365 (e-commerce applications),
availability of these applications can be better met if these applications are dynamically

upgraded; and

Offer a generic service — components may provide a generic service that can be used in

unpredictable combinaticns, thereby increasing reusability.

3.3. THE REASON FOR SOFTWARE COMPONENTS

Moving to software components is not just a technology issue, but il is more about the
application architecture, the delivery process and the adoption of standards. For many
organisations, the delivery of quality software applications at the right time has been a critical

inhibitor to business success.
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Dissatisfaction with application development over the past decade has led many organisations
to acquire packaged application software, and this switch to packaged sclutions has not been a
satisfactory altemative. Software packages have not been a satisfactory altemnative, as it often

involves long, costly and difficult implementations, integration and upgrading of these systems.

1980 and earlier 980;SEI90;S!

|
«Mainframe-centric Focus «Disiributed |

«Organisation Focus +Business Process «Virlual Organisatlons

«Monolithic +Client/Server +Componentised

sInternal Use «Monolithic +«E-commerce direct to
«Business-to-business customers - real time

i
via EDI - file transfer transactions
{

Flgure 23: Applications In tha New Hillennlum [16]

In the past, an application was something that was relatively comtained. Each system was
scoped within the responsible organisational unit or function. Figure 23 above illustrates that
applications were built in silos or were functionally-driven. In the last decada, client/server
based information systems were being designed to supporl cross-functional business

processes, and they were still typically monolithic business process implementations.

The new age {ImMemet processes and e-commerce) requires a more adaptable apphication and
information system environment It has become apparent that it is no longer acceptable to

specify requirements or select packaged solutions that fit solely your cumrent business products
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and processes. In all industry sectors, the impact of business and technology changes are such

that applications constantly have to meet new requirements.

+ Time to Market
Applcations mus! be delivered synchronously with the business change cyde time

s Adaptable
Applications mus! be able to respond rapidly to change without forcing coslly rewrites of the entire
system

¢ Supporting Integration
There is often no time or justification to replace legacy applications. New funclionafity must be

Integrated with other packages, existing applications and data sources

« Applicabls
Applications must align with the business. [1is unacceptable to require the business to change to the
application functionality.

» lIpgradeabls

Improvements to an existing function must be possible without impaci to other lunctions

Tabls §; Prime Business Objectives for Applications

Componentisation addresses these core business issues direclly, as they are inherently and
explicitly designed to adapt to change. If applications were constructed in this manner, they
would no longer become out-of-date, or be unable to adapt to changing business processes or

new {echnologies.

The service approach is an ideal match to emerging business and technology requirements. A
virtual organisation does not want to get involved in the implementation of the service, and only

needs to know if the service has been perfformed or not.
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¢ Productivity
Reduce costs and time to market by improving productivity of developers

+ Quality
Irmprove the quality of deliverables in terms of rellability and business fit

+ Reduce Costs
Reduce cost of delivery and malntenance of applications

» Manageable Process
More prediciable delivery life-cycle
» Management of Skills
Concentrate business demain and technical skills where most required

« Control over Outsourcing and Acquisition
Improve specification and reduce binary decisions at application level

Tebia T: Prime LT. Chjecttves for Applications

L.T. departmants also have a number of objectives, which enable them to deliver on the prime
business objectives. Componentisation addresses and delivers on these issues in & nurnber of

ways.

« Component reuse provides radical improvement in productivity and qualty. Black box
components extend the option for reuse by removing deperdencies on development
tools and languages, as they are already certified and tested. The reuse of

companents may be inhibited by culturad and organisational issues;

+« The component approach breaks down large applications into more manageable
chunks that can each be micro-managed in terms of their delivery and resources, and

which ¢an be assigned on the basis of their appropriate skills and competence; and
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+ QOutsourcing and package acquisition can take place at the component level, enabling
organisations to retain control at the application leve! and more easily integrate them

alongside legacy applications and in-house new build.

Based on the aggregation of the three delivery mechanisms, componentisation can reduce

costs and improve manageability of the application delivery.

3.4. COMPONENTS AS THE SERVICE PROVIDER

Components provide a senvice, and applications will provide the solution. An epplication is
delivered as a solution to a particular business requirement and provides computer support to a
business process. We can also define the business requirement as an expression of a sepvice

that it needs at any point in the business process,

Application | SELECT some

data from the
| need to get | can get customer~® Customer Table >
customer details details ( and READ some

from a VSAM file

O A

Interface Implementation

Flgure 24: Components and ntarfaces

In Figure 24, we explain what services the component logically provides to the application.

Assume that the iogical service of get customer detzils may require a physical implementation
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of a SQL Query on the Customer Table in a relational database. Most developers woukd
embed the SQL statement into the application. Also assume, to satisfy the service, it is
necessary to retrieve part of the data from a legacy VSAM file. Assume, next year the VSAM
file is reptaced by ancther table in ancther relational database, and the following year the VSAM
file is replaced by an object-oriented database. It would imply that the service remains logically

the samae, yet the application would be required to be changed twice.

Moving the code that deals with the physical implementation of get customer detalls from the
application into a component removes the need to maintain the application as these changes
occur. The component would still be required to be changed twice, but if no component was
used in the five applications that use the get customer deteils, we would have seved us eight

maintenance tasks.

3.5. TYres oF COMPONENTS

Implementation Specific Components — They are components at their lowest level of
abstraction, e.g. dass libraries, and they exhibit many of the characteristics of a compaonent,
though they do not provide a meaningful service on their own. Since they are language or tool

specific, the reuse opportunities are more limited.

Encapsulatad Components — They provide a set of meaningful services focused on a
particular area, and are constructed in various ways. Due to the component only being
accessible via the interfaces, the intemals of the component are imelevant. Encapsulated

components form a boundary around all their contents fadiitating replacement.

Component Frameworks — Is a collection of items that are reusable as a group, but which
remain incomplete in terms of delivering an application to the business. A framework is a pre-

built assambly of components, together with glue logic that binds them togsther and is designed
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to be extended. A framework is also designed to offer a large number of related services,

centred on a broad theme.

Componentised Applications - Is a complete working appfication. At this granular level, the

application will still exhibit the characteristics of a component.

R e Component . Componenljsed#-]
m?: Encapsufated Framework applicatians
Componert .1 |
°‘ =L
120 L
| 3 L
Modets [ —
=Service based ' o
«Reptacaabls ez
«Independant @ 7{ |} : ﬁ
Clasa sldentifable _LIT
+| Ubrares »Accassed vla A ﬁ
interfoces
U < >
sed to
spedily o Collections of Application
bulid componants designed comprisad of
components to be extended components

Fpure 25: Typss of Componants [16]

STUDENT NO: 0698-33-11 PAGE 65



4. GOING OVER THE WATERFALL

4.1. INTRODUCTION

Information technology (I.T.) has become the heart of every business. It is pant of the vehides
we drive, the cell phones we use to communicate with, and the back-office transactions that
allow us to purchase books or magazines without leaving our homes. In the networked
economy, unfortunately time pressures, change of business processes, growing complexity,
and a shortage of skilled davelopers have made software development more challenging than

before.

in today's digital economy, effective software solutions have become the critical competitive
differentiator for businesses in all markets. Industries in many sectors of the economy are
incorporating more and more software, embedded devices, and computer infrastructure into

their products and their business operations.

The traditional barriers 1o axploiting the powers of computing (processing power, network
access and storage capacity} are no longer barriers for most companies. However the ability to
consistentty build truly excellent applications, and to complete it within the prescribed timeframe,
often remains elusive. According to the Standish Group's widely published 1699 CHAOS study,
only 26 percent of today’s software development projects are completed on time and within

budget.

Business leaders in aevery market segment incuding tefecommunications, financial services,

electronic product manufacturers and e-business infrastructure providers are looking for ways (o
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improve the economics of software development, but sofiware development is getting tougher
and more stylish, and sophisticated functionafity is required. Software development teams are
also requested to interface more diverse, complex hardware and software resources, and these
requests are required within a restricted timeframe. To succeed in the new economy, software

development teams rmust address two factors:

SPEED: No tolorance for delay

Time to market pressures on development teams have escalated redically, as market
innovation and competitiveness depends so much on the rollout of new sofiware, and
development life-cycles have become mission critical. Organisations can no longer wait nine to
twelve months for a development team to design, wiite, test and refine an application. Thase
that cannot accelerate the development process will miss important windows of oppertunity and

lose out more to nimble competitors.

QUALITY: No tolerance for error

In the past, applications were strictly developed for internal consumption, and minor flaws in the
software may have delayed a project. Today, software touches every relationship in the supply
chain, or every user on the Intemet, and emors or bugs in the software may result in a revenue
loss and permanentty alienate clients or prospective dients. In this highly exposed, high-stake
environment, development teams have to consistently deliver software thet is robust under the

24*7*365 demand of the marketplace.
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Figure 26: The Software Paradox [13)

The two requirements; a faster ime-to-market and extremely high quality form the heart of the
software development paradox. In the new economy, the challenges of software davelopment
cannot be solved simply by hiring more development staff, or adopting 2 new programming
language. In fact, new languages and technologies to |.T. and technology skills portfolio tend to

intensify these problems.

New aged winning companies embrace the reality of software as a competitive advantage, by
improving the economics of software development with better tools, processes and enhanced

skills of existing team memnbers, which is the key to producing better bottom line results.

Employing best practices that optimise both speed and quality of software development has
exhausted the software development paradox. Six winning strategies have been created for

time compression and risk reduction.
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4.2. Six WINNING STRATEGIC IMPERATIVES

DEVELOP SOFTWARE ITERATIVELY

One cannot completely eliminate problems across the development lifecycle, but it is possible to
identify risks earlier during the anatysis, design, coding, testing or managing phases of the
poject. New age organisations use an iterative development approach that allows for

continuous refinement of project deliverables.

Roquiremants Requirements Requirsments

Nt W i W

Dasign

. \’/,} ’Di \ ’/,,tm N

Coding _\ Coding \
‘\ Tosting K Testing

Figure 27: An |ierathve Approach to Software Develo pment

An iterative approach to software development confirns that specific functionalities have been
effectively developed at agreed milestones, and successful teams manage and assure quality

throughout the project.

MANAGE REQUIREMENTS

Requirements management is a systematic approach to eliciting, orpanising, communicating
end managing the changing requirements of a software intensive system or application. Too
litle time is often spent understanding the real business problems, requirements and the needs
of the users and other stakeholders of the system. Where there is no clear understanding of
these issues, orpanisations can develop ofi-target salutions, miss crilical windows of opportunity

or be overrun by their competitors. By following a process that keeps projects on track from the
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beginning, organisations will avoid the costs of repairing or re-releasing software later in the
cycle, and by managing requirements, teams are able to address changes, avoid 'feature creep’

and keep projects on budget and on schedule.

Hence, winners cleary keep their projects focused on core business value and consistentty

apply this type of financiat discipline to their development efforts without compromising speed or

quality.

Use COMPONENT-BASED ARCHITECTURES

In complex and large applications, changes in one area of an application will have a ‘domino
effect’ and thus impacling many other areas of the application and any dependent applications.
Successful development teams address these potential dependencies and perils through the

use of component-based architectures.

Assembly of software in manageable modules or chunks create resilient and flaxble
architectures that prevent the ripple effect of change, and it also enables developers to build

applications that can be easily modified without massive eflort.

The iterative approach allows early iterations to produce and validate a software architecture

that will gradually evolve, through subsequent iterations, into a final system.

The re-use of components also reduces the total amourt of code re-organisations needed to
wirite or develop further systems. This further enhances the speed of development and reduces

the opportunities for ermors to be introduced into the process.
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VisuALLY MODEL YOUR APPLICATION

In the new economy, most sofiware applications exearte highly complex operations and
processes. In order to understand the underying funclionality, development teams require an
accurate way of modelling this funclional complexity, in order to comprehend, specify or

document the systems they have bean asked to build.

A visual modelling aid should be used to achieve this critical leve! of abstraction, which is
important to clarify the design decisions and to manage system complexdty. Through the use of
a medelling language, such as the industry standard Unified Modelling Language (UML),
development teams can achieve a common ground that allows them to communicate technical

complexities into business abstractions or business processes.

A CoNTINUOUS CIRCLE OF QUALITY

It is no secret that it is much mome expensive to find and fix problems after an application is
deployed, than it is to catch them earty on in the process. The winning process is that

development teams continuously verify the quality at each step of the development process.

Most organisations accomplish this conlinuous testing through the assistance of I.T. autormated

testing tocls.

CHANGE CONTROL

The development of applications is about change, as the application changes, so does the

undertying business processes. Thus development of software requires an effective change
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managsement programme. With an effective probe programme in place, development teams

can produce releasaes on time, on budget and with predictable quality.

New age organisations understand that change management is the key o prioritising team

activities and priorities, Controlling the change throughout the development lifscycle and

managing its inherent complexities can achieve this. Development teams know that if they do

not control change, change will surely control them.

4.3. THE ITERATIVE DEVELOPMENT PROCESS

Procaduml ‘watarfall methodology
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Figure 28: The Waterfall versus the terative Approach

Most development teams still use a waterfali process for development projects, completing in

strict sequence the phases of requirement analysis, design, implementation, integration and

testing. In this inefficient approach, key team members remain idle for extended periods and

the approach also defers testing until the end of the project lifecyde, when problems tend to be
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tough and expensive lo resolve. This poses a serious threat to release deadlines or to the

quality product

lterative development is a technique for developing software that reduces risk by breaking a
large body of work down into smaller, more manageable units of work. 1t embraces the notion
that software development tends to be an organic process, subject to constant change and

evolution throughout the duration of the project lifecyde.

As it is not possible to understand everything about a softwane system in the early stages of a
davelopment project, the process acknowledges that change will be a constant, and that
change to the software system design, if effectively managed, will be positive. As change is
imposed by many factors, it should often be initiated as a result of a better understanding of the
requirements. Under these circumstances, embracing change is essential because satisfying

the requirements is aways the fundamental goal of the project.

The iterative process providas the opportunity for full stakeholder involvemert and continuous
feadback with the developmant team, as they ame producing tangible and visible results in shont
intervals of time, the stakeholders have opportunity to provide feedback and input into the

process based on their exposure to the emerging sofiware systemn.

The iterative approach to systems development is superior for a number of reasons:;

« [t takes into account the changing requirements, as the truth is that requirements
usually change. The change of requirements, or ‘scope creep’ that are unnecessary
and are not customer-driven as the project progresses, are always primary sources of
project trouble, leading to late delivery, missed schedules, dissatisfied customers and

a frustrated development team;
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*»  With the waterfall approach, integration is one ‘big bang’ at the end of the process.
With the terative approach, integration is approached progressively and broken down
iMto six to nine smaller integration fevels, involving fewer elements of integration,

thereby saving at least 40% of the total effort at the end of the project:;

¢ Risks are usually discovered or addressed during the integration phase. The iterative
approach mitigates risks earlier in the cycle, as earier iterations allow one to quickly
see whether perceived risks prove to be real, or new risks are uncovered in each

teration;

+ lterative development provides management with a means of making tactical changes
to the product or to compete with existing products. it also allows the development
team to release a product eary with reduced functionality to counter a move by a

competitor;

¢ lteralion facllitates reuse, as it is easier to identify common components as they are
partially designed or implemented, than to recognise them during the planning phase.
Design reviews in eardy iterations allow software architects fo spot potential
opportunities for reuse, and then develop and mature common components for these

opportunities in subsequent iterations;

+ |f emors are comected over several terations, the result is a more robust architecture.
As the product moves beyond inception phase into elaboration phase, flaws are
detected aven in early terations rather than during a massive testing phase at the end

of the project.

» Performance bottlenecks ame discovered at a time when they can siill be addressed,

inslead of craating a panic on the eve of delivery,

+ Development staff can leam along the way, and their various competencies are more

fully employed duning the entire lifecyde;
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¢ The development process can be improved and refined along the many iterations of
the project. The assessment at the end of iteration not only looks at the status of the
project from a product or schedule perspective, but also measures the change
required from an organisation perspective, in order for the next iteration to perform

better;

¢+ The software development team is able to focus on a smatler collection of product

deliverables at a given time, thereby increasing the quality of the results; and

o [toration milestones keep the development team continuously focused on results,

which encourages peak productivity.

Many organisations have slowly become aware of how significart a well-defined and well-
documented software development process is, to the success of their projects and as well as to
the organisation. The Capability Maturity Mode! (CMM), which was developed by the Sofiware
Engineering Institute (SEI}, has become a beacon for many organisations, as they eim to attain

alevel 2, 3, or higher.

4.4. THE RanoNnAL UNIFIED PROCESS®

RUP is a software engineering best practice that provides an organisation with guidance for
streamlining their teams' development activities. It is an industry-wida process platform that has
a span of collaboration with key industry leaders, including IBM, Microsoft and Sun

Microsystems.

Several industry trends have driven the development of Rational’s industry wide platform for

best practices. Some of the most influential are:

STUDENT NO: 0699-33-11 PAGE 75



Rapid Evolution of Technology. The constant evolution of technology and the lack of
knowledge is becoming a major impediment for the adoption of new technology. To address this
ssua, software vendors have increased their focus in guidance and best practices in the
marketplace, with the goal of effectively distributing their advanced tools and technologies onto

a developers’ desktop;

Standandisation of Tools, Msthods and Processes. Over the last 30 years, the software
engineering industry has continuously moved towards standardisation and commercialisation of
technology and knowledge. The Unified Medelling Language (UML) was originally developed
by Rational and its partners, and later adopted and managed by OMG as an industry slandard.
By the lata 1990s, companies were ready for the standardisation of processes, and many
companies abandoned their homegrown processes, and began looking for commercially
available ones. This allowed the large investments necessary to build an enterprise-wide

process, and RUP was bome; and

Consulting Companies became less Reliant on Process as a Competitive Differentiator.
The competitive differentiation based on proprietary processes thal consulting comparnies once
relied on, has become less significant as a business driver, Process used to be a selling factor
for any consulting firm, but customers got exhausted by project overruns and poor quatity of
delivered applications, and they required more assurance that the practices used were proven.
Since commercially available processes with a proven track record were creating a demand
among dients, system integrators tended to move away from home grown processes to

commercially driven processes, e.9. RUP; and

industry Scepticism regarding Existing Processes. The software development industry
became sceptical towards traditional and heavyweight processes that were prescriptive, e.g. the
waterfall approach. These processes typically promoted a waterfall sequence of development,
functional decomposilion and a document-centric approach. They proved to be ineffective for

several masons;
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» Processes were of little value to developers as the guidelines primarily focused on

describing what should be done, and not how it should be done;

o The waterfall approach did not allow eflective risk management, as it was ineffective

in addressing key risks earty in the project cycle;

+ The process was difficult to access, as it was often published in thick binders, and the

content was not integrated with the development tools; and

¢ The process did not focus on delivering value to the customer and cother stakeholders,

as its aciivities did not focus on delivering real business value to end users.

RUP proposes an iterative approach to software development, which implies that a project is
divided into several small projects that run sequantially or directly after another. Every one of
the ilerations has a well-defined set of objectives, and concludes by delivering an executable
that is a step closer to the fina! product than the last one. A typical iteration will contain
elements of requirements management, analysis, design, integration, testing and

implementation.

This structured approach to terative development dividas a project into four phases:
Inception — understand what to build;

Elaboration — understand how to build it;

Construction - build a beta version of the product; and

Transition - build the final version of the product.

Building the software product incrementally allows not only for early risk mitigation, making

tactical changes, and managing scope, but also for fine-tuning the process itself,
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4.5. RUP® A PrROCESS PERSPECTIVE
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Figure 20: The |tarative RUP © Mode! [13}

The iterative process can be defined along two dimensions:

The horlzontal axis representing time, as it ilustrates the dynamic aspect of the process es it is
endorsed by the stakeholders. It is expressed in terms of cycles, phases, iterations and

milestones; and

The vertical axis represerting the static aspect of the process. It is expressed in terms of

activities, artefacts, workers and workdlows.
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The software fifecyde is divided into cycles. Each cycle works on a new generation of the
product. The Rational Unified Process divides one development cyde into four consecutive

phases;

Inception phase, Elaboration phase, Construction phase and Transition phase.

Each phase is conduded with & well-defined milsstone. A milestone point in time where certain

aritical decisions must be made or key goals be achiaved.

Major Milestones

Inception Elaboration Construction Transition

Time >

Figure 30: The Phazes and Major Milestonss In the Process [13]

The Incaption Phase. The taam would establish the business case for the application, and
delimit the scope of the pmject.  This can be accomplished by identifying all extsmal entitias
with which the system will interad and a definition of this interaction at 8 highHevel. Use-cases
are utilised to describe these external entities. The business case should also include critical
success factors {CSFs), a risk assessment, an estimate of the resources required, and a plan of

all the phases showing the dates of major milestones.
A brief description of the outcome of this phase would be:

= A vision document describing a general vision of the core project requirements, key

featuras, and major constraints;
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¢ Aninitial use-case mode! {(10%-20% complete),
» Aninitial project glossary defining all terminology used in the project;

» A business case, induding the business context, critical success factors such as

revenue projection, market recognition and a financial forecast;
= Aninitial risk assessment;
s A pmoject plan, describing the various phases and iterstions, and

«  (One or several prototypes.

Inception A Elaboration] | Construction | Transition]

[\

Lifecycle
Objective

Apure 31: Lifecycla Ohjective [13)

’
At the end of the Inception phase, we have the first major project milestone, namely the

Lifecycle Objective, which needs to be evaluated on the following criteria:

» Agreement and consensus from all stakeholders on scope definition and cost

schedule estimates;

+ Anunderstanding of the requirements as depicted by the reliability of the primary use-

cases;
+ Creditability of the cost schedule estimates, priorittes, risks and development process,
* Anindepth understanding of any architectural prototype that was developed; and

s  Actual expenditures versus planned expenditures.
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The project may be canned or considered for re-thought if it fails to pass this milestone.

The Elaboration Phase. We analyse the business requirements to establish a sound
architectural foundation, develop the project plan, and eliminate the highest risk elements of the
project. In order to realise these objectives, we must have an in-depth understanding of the
system, as architectura) decisions will have to be made with an understanding of the whole
systern — its scope, major functionality and non-funciional requirements, such as performance of

the system.

The elaboration phasa is said to be the most critical phase of the lifecycle, as the engineering is
said to be complete, and a decision has to be made on whether or not to commit to the
construction and transition phases. The activities within the elaboration phase will ensure that
the architecture, requirements and plans ere stable enough, and the risks are sufficiently
mitigated, in order to predic the cost and schedule for the completion of the development. The
organisation would commit to a fixed-price construction phase with this level of reliability of the

output of this phase.
s A brief description of the outcome of this phase would be;
s A use-case model (at least 80% completey);

» A description of the non-functional requirements and any requirements that are not

associated with a specific use-case;
» A software architecture model;
s An executable architectural prototype;
s  Arevised risk list and ravised business case;

+ A pmject plan defining the overall project, incduding a granular state of the iterations,

and the evaluation criteria for each iteration; and
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s A preliminary user manual.

Transition

Inception

Elaboration R Construction

JA\

Lifecycle
Architecture,

Figure 32: Ullecycle Architecturs [{3)

At the end of the elaboration phase, we reach our second important project milestone, called
the Lifecycle Architecture Milestone. We examine the detailed system objectives and scope,

the choice of architecture and technologies, and the resolution of the major risks.
The evaluation of the milestone is based on answering the following questions:

¢ |s the vision of the produd! stable?

+ s the architecture stabla?

« Does the executable prototype show that major risks have been addressed and

resolved?
+ |5 the plan for the construction phase sufficiently detailed and accurate?

» Do we have consensus from the varous stakeholders for the cument vision, and do

they agree with the cumment plan for development of the system? and

+ Is the actual resource expenditure versus planned expenditure acceplable?

The project may be canned or considered for re-thought if it fails to pass this milestone,

The Conetruction Phase. This phase consists of developing and integrating all components

and application features into a product, and ensuring that all features are thoroughly tested. An
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analogy of this phase would be a manufacturing process where emphasis is strassed on
managing resources and controlling operations to optimise costs, durations and quality. The
development team undergoes a mindset transition from the development of intellectual property
during tha inception and elaboration phases, to the development of deployable products during

this and the subsequent phase.

The outcome of the construction phase is a product that is ready for the end-users. |t consists

of.
¢ The software product integrated into the organisation’s architecture;
¢+ The user manuals; and

¢ A destription of the cument release.,

Construction Transition

[\

Initial Operational
Capability

Inception Elaboration

Flgure 33: Inlt/al Operationa) Capability [13)

At the end of the construction phase, we reach our third major project milestone, called the
Initial Operational Capabilty Milestone. The team would decide if the software and the users
are ready to go operational, without exposing the project and to high risks. This release if often

called a 'beta’ release.

The evaluation of this milestone is based on answering the following questions:

« Is the product released stable and mature enough to be deployed in the user

community’?
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+ Arg the stakeholders ready for the transitton? and

» Ars the actual resource expenditures versus planned expenditures still acceptable?

The transiion phase may be postponed by one release if the project fails to reach this

milestone.

The Transitdon Phase. The core purpase of this phase is to transition the software produd into
the user community, Once the produd is deployed, the user community would usually require

the team to develop new releases, comect some problems, or finish the features that have been

postponed.

This phase is usually entered into when the baseline is mature enough to be deployed in the

user community, and quality has reached an acceptable level of assurance.

The transition phase would typically include several iterations, incliding beta releases, general
availabilty releases, as well as bug-fix and enhancement releases. Effort is also spent in

developing user-oriented documentation, training users and supporting users.

The outcome of this phase will include:
« Achieving user self-supportability;

s Achigving stakeholder acceptance of the complete produd, which should be

consistent with the criteria set out in the vision; and

s Achigving final product baseline as rapidly and cost effectivety as possible.
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Elaboration] | Construction Transition

Inception

/\

Product
Releasel

Flgure 34: Product Ralease [13]

At the and of the transition phase, we reach our fourth major project milestone, called the
Product Release Milestone. At this point the team decides if the objectives were met, and it

they should start another development lifecycle.
The evaluation of this milestone is basaed on answering the following questions:
» |s the user satisfied? and

* Ame the actual resource expenditures versus planned expenditures still acceptable?

itarations. Each phase in the cycle can be further broken down into iterations. An iteration is a
complete development loop resulting in a release, which may be intemal or extemal, of an
axecutable product, or a2 subset of the final product under development Each release will grow

incrementally to become the final application.
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4.6. Risk MIMGATION

-Iterativer
-VWatarfall

Flgure 35: Risk Reduction Profle for Waterfall and Rerative Development [16)

¢ if you don't actively attack the risks, they will actively attack you®. One of the prime benefits of

the iterative approach |s that it allows the team to identify and address risks early in the project.

If risks wene unaddressed, it would imply that the organisation would be investing in a faulty
architecture and a non-optimal set of requirements, which would result in a bad set of software
economics. In order to accurately estimate the duration of the cycles or phases, it would be an

imperalive to address the risks upfront.

At the beginning of the iteration, the iterative process requires the team to make, or revise a list
of top risks. Eath risk then requires a prioritisation, before the team mitigates the risks. Usually

the top three risks of the phase are addressed, An example of the top (hree risks would be:
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RISK MITIGATION OF RISK

LRI R B IR sl C R R B AU AS the use-cases are developed, complement them
(e T THVAT TR e TR R G E IR Gt (AW I wilh user-interface prototypes. Ensure that we setup a
plan 1o provide, and as a result they will require ‘walk through' to explain each use-case — i.e. create a
changes after the beta release of the software storyboard. Once complete, ensure thal we obtain
user-signofl. Keep the user base informed curing the
progress, and provide them wilh eanly prolotypes or
alpha releases.

We do nol undersiand how to integrale with fegacy Build an actual prototype Lhat shows us how to
system X. integrate with the legacy system, and ensure tha the
prototype actually integrates.

Throughout the project, ensure appropriate testing of
the integration.

An aftemative would be to efiminate the Integration
from the scope of the project — called ‘risk avoidance'.

We have no experience in developing with Plan for the team to be skilled with the relevant
Microsofl NET lechnologies. tachnelogies, and budgat for a consulian! with the
relevant skills to assist with lhe subsequent phases,
€.g. 3 days consulting of & MS.NET consultant.

Tabla B: An Example of Risk Mitigation

Once the risks have been listed, the team should address them as & priority. The plan should
ba medified to deal with the risks and they need to be addressed from multiple perspectives,
such as requirements, design and testing. The best approach is to start from a coarse solution,

and successively diminish them at a granular level.

Many projects risks are associated with the architecture, and in the iterative approach, the
primary objective in the Elaboration phase is to ensure thal the team constructs the architecture

in a proper fashion.
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The list of risks will continususly change as we move across the different phases. Attacking risk
is always going to be a constant battle, and in each iteration the team will be able to reduce or

remove some risk, while others will grow and new ones will appear.
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5. THE CHANGE CYCLE

5.1. INTRODUCTION

The only constant in the new economy is change. A continual advance in software
development and Intemst and communications technology, coupled with an ever increase in
demand for information; have created a new, evolving business environment This evolving
business environment has been driven by requirements to deliver quality products and services
faster, and the challenge is fo exploit new technologies, the prospects of discovering and

conquering new markets, and a growing need for a managing better customer relationships.

For the software development team, these new demands mean that we will never again be
finished with a plan or product. In the past, these teams delivered new software releases on an
annual basis, and in the Intemet Age, it is the norm to deliver these releases several times &

year, and even weekly or daily for some E-Commerce based companies.

Today, the world is characierized by a heightened sense of urgency, and omganisations must

understand to embrace and drive change if they hope o survive,

5.2. AN ARCHITECTURAL APPROACH FOR ORGANISATIONAL CHANGE

When it comes to ¢hange, most organisations focus exclusively on technology (new tools,
processes, equipment), and ignore the modification necessary in culture and behaviour.

Change by nature intrudes on people’s ‘comfort zones' and many associate change with pain,
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whether or not they think it will msult in business improvements. In majority of change
inttiatives, team members meet change with resistance, so it is ciitical for organisations to

address lhis key issue up front in the process.

It is important to recognise that cultural and behavioura! factors are pivotat for organisational
change, as they are the basic building blocks that lay the foundation for it. If these blocks are
not in place, any technology introductions wili fail to satisfy expectations and may even produce

adversa results.

Below is an organisational assessment to ensure readiness for a change initiative:
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DESCRIPTION

LEADERSHIP

Is there adequete leadership at all levels? Leadership is necessary for driving and sustaining change,
with the ability to guide the organisation through unknown temitory.

VISION & PLANNING

The organisetion is required to formulate a flexible plan so that everyone understands its goals and
objectives. The vision end planning should identify key dependencies (skills, resources, eic) and risk
factors.

REASONABLE ATTRACTIVENESS

The organisation should consider and study attemative paths within a ‘trade space’ bounded by fixed
constraints such as budgets, timeline, needs versus wants, etc.
CULTURE & BEHAVICUR

The organisation should change or be willing to change lhe way it is structured and in the way it thinks,
distributes incentlves and rewards, and approach naw challenges. All stekeholders should be
cormmunicated the urgency of implementing the prescribed plan, and the bar for performance and
quality should be raised.

SKILLS, RESOURCES & PERSONNEL

New talent, equipment and experience will be required to drive and sustain this change. In addilion to
ihe latest tachnology skills, project manegement, leadership, vision interpersonal skills and commitment
are key. Treining programs play a key rola in the overall solution,

TECHNOLOGY

New technologies are always required when a change infliative is implemented in an organisation. New
technology implemented should be able to scale and adapt to the changing environment, and yield a
return on investment to rake Lhe effort cost effective.

Table 9: Organisetional Amsesament of Readiness for a Change Inftlsthve

The requirements above will be dictated by the scope and nature of the change and the organisation’s

complexity.
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5.3. BEST PRACTICES FOR IMPLEMENTING ORGANISATIONAL CHANGE

When adopting new technologies and processes to accelerate an organization's software
development capabilities, it is critical that the proper building blocks are in place to ensure that

the change initiative would be successful,

Best prectices are consistently succassful in reducing risk and driving change.

in the new economy, changes affect not only the organisation, but also their customers,
suppliers and partners. This can be true if the change is a pervasive one that affects all

components of the business.

Identify and Agree on Key Change Drivers. Change should be driven by a key business
concemn that has significance on the market it operates in quality or efficiency in its production
process, Change should be articulated clearly in order to eliminate perceptions and negative

effects. All stakeho!ders should support the changae initiative.

Create Demand for Change; don't Mandate or Force it. If everyone in the organisation
adopts to change, then a demand for the change is created at every level. This 'buy-in' is
required if we expect stakeholders to drive change and withstand setbacks and hurdies. When
a change initiative is mandated in the organisation, they are met with resistance, half-hearted
atternpts to adapt to change, false starts and enormous wastage of time, money and sagging

morale.

Exercise Consistent Leadership and Communication Practices. Lack of leadership and

vision will cause the change effort to stall and lose credibility. Changes to the plan are
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inevitable, and it is critical to keep all stakeholders informed about when and why they are

made.

A consistert message should be communicated in all directions of the organisation. In order to
ensure cohesivenass across the organisation, open communication, sharing of information and
assisling those to understand the common vision is vital. Communication should be kept simple

so that it remains consistent over time and not promote confusion and misinterpretation.

Continually Update and Fine Tune the Vision and Project Plan. When the change initative
is planned, the vision and project plans assist management in identifying key issues and risks,
establishes a communication plan, and fixas a starting point that everyone can agree and begin
at. As the vision and project plan are living artifacts, it is important to remember that the plan is
not fixed in stone. As they provide a rcadmap for change, it is necessary to comedt the course

and validate its direction throughout the implementation process.

Achieve Incrementnl, Demonstrable Success. The best strategy is to strive for incremental,
demonstrable success as the plan is implemented in stages or phases. This mode will assist in
stabilizing the environment and building corfidence, credibifity and experience required at each
phase to manage chaos and sustain performance. Involving key top management will not only
increase the change intiative’'s chances for success, but also ensure more management

attention and support.

Find Champions for Solutions. It is an imperalive to identify champions to support the
proposed solutions and propel the change inttiative forward on the right track, as they can

provide valuable insight on the working envimnment and team morale.
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Acquire and Develop New Employee Skill Sets. The change initiative will create a demand
for modem techniques, skills and mindsets. As the vision and plan is formulated, it is important
to proactively identify the new skill requirements that will be required to facilitate change and
operete in the new environment. A training program should be executed to assist the cument
skill sel. Software development teams are usually highly skilled in technical skills but lack depth

in the nom-technical aneas, such as soft skills.

Establish a Collaborative Environment It is crifical to establish a collaborative working
envionment among all stakeholders and partners at the outset of any change initiative.
Successful omanisational change requires risk sharing, a collective sense of ownership, and the
ability to leverage knowledge and skills from each other. Throughout the inttiative, the
development project team should strive to maintain a high-trust environment that fosters

collaboration.

Collect and use Mstrics to Monitor Progress. |t is important to capture the comect metrics on

a regular basis and use this data to perforrn course comection as needed.

An initial metrics assessment can assist team members identify which metrics add value, leam
how they are typically collected and analysed, and understand the omanisation’s curment state.
This assessment can be utiised as a benchmark for moving forward and to reach for members

to assist in achieving this effort

Overhaul Incantives. To adopt change, organisations will require modifications in behaviour,
skill sets and responsibilities. Team members will require to be incentivised to make this
change a success. By making the change to the incentive programs before the change process

begins, will genarate new ensargy and behaviours, which are critical to success. Incentives can
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be structured around achieving milestones on or before schedule, a certain level of quality or

accomplishing specific goals.

As change is a leaming experience, the organisation will expect to encounter setbacks and
hurdies. These should be viewed as opportunities to gain knowledge, which the organisation

cﬁn build on, and it should be allowed that the team be discouraged by these or they lose focus.

When change within an organisation ceases, so does improvement and growth.

5.4. A TeEam PERSPECTIVE

In order to realize successful building of sofiware components, an increased diversity of
specialist skils both in the technical and business arena is required. In the new economy,
business people ars taking a more central role in software davelopment, and LT, resources
hava to apply a much greater lavel of business understanding. New breeds of individuals are

emerging as the dividing line between business and |.T. grow blurred,

In the new world, teams are not only geographically separated, but also work for different
employers with differert cuttures. This new emergence, presents new and interesling
challenges for management These e-business solutions that virtual teams create span easily
across organisational boundaries, different geographical Jocations and different hardware and

software platforms.

These factors add new dimensions of scale and complexity to the organisation and

management of teams.
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The significance of teams and team roles bring ebjectivity to the process in that one person may
fulfill more than ane role and many individuals may supply ane role. Different roles, played by
various individuals at appropriate times, ara applied through the stages of a praject. The more
virtual the project, the more that the lines between business and 1.T. start to blur, and the lack of

role defintion starts to hamper the project.

“A major reason that many of today’s teams are ineffective is that they overfook the
implications of the obvious. People do not make accommodations for how different
reality is when they and thelr colieagues no longer work face-to-face. Teams fail when

they do not adjust to this new reality.” Lipnack and Stamps (1997)

Traditionally software project teams members worked in dose proximity for the same employar
within a common corporate culture that separated the LT. and business worlds. In the mid
1980s, businesses started to downsize and sireamline their operations, and so did I.T. start to
downsize, as software teams started to lose their jobs or moved out of their corporate silos into
much leaner and meansr, empowered teams with a focus on meeting defined business

objectives.

Teams are growing increasingly to be virtual, resulting in greater individual autonomy and with
great potential for communication problems. E-business makes technology a central business
enabler, which implies that I.T. i3 no longer merely & support function. E-business and
component based development involves some fundamental shifts and an increasingly blur

between business and I.T. A clear focus is required to eliminate corporate software anarchy.
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5.5. A SiaLLS PERSPECTIVE

According to Gartner, Object-Oriertted skills will account for more than 40% of new development
software projects by 2005, From a South African perspective, another skill shortage stampede
is on its way. Onganisations will be required to take steps now to pre-empt this shortage and

obtain a retum on their cument investments.

Object-oriented technologies moves us away from building straightforward and fairly specialized
technical applications into the more challenging world of enterprise systems - grown up critical
applications that will not only run the enterprise, but talk to existing applications, databases and

other resources.

An object-oriented technology makes it difficult for software developers who have long practiced
non-00 and procedural paradigms to make a transition, as OO requires developers to think
about application logic in very abstract ways. Objects are created to accept messages and to
exist in en event-driven environment, in comrast to the procedural method of making specific
procedural call in a hardwired, directed fashion. Therefore, it will take time to teach this new
paradigm to existing programmers. Gartner predicts that 60% of COBOL mainframe
programmers will fail to switch to OO, yet it is often these people who understand the business
best and have the most in-depth experience, which is en essential attribule when designing

entarprise-wide applications.

Recruiting full-fiedged OO skills is nat going to be an option for the foreseeable future. The
available OO resources currently constitute a faily exclusive club, and most of them work for
IBM, SUN Microsystems and Rational Rose, and they are not easy to lure away. The only

option is for organisations to grow their current skill-set into OO skill-sets.
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The grow-your-own approach constitutes extensive and expensive training for team members.
The downside of training your own skill-sat in a marketable skill fike OO is that they tend to go
off and market it to someone else. The answer is not to avoid training, but to provide an
environment in which team members get the challenge and freedom that they need to stay in
high spirits. By making your team members productive as possible, the challenge is to ensure

that the organisation takes advantage of OO capabilities such as the re-uss of components.

5.6. THE SUITABILITY OF MIGRATING LEGACY L.T. STAFF

Gartner evaluated the oplions of transforming the various skills sets to the new QO
envionment The cost estimates make it dear, that this will be an expensive exercisa for
organisations. However, as stressed before, organisations may want to leverage their valuable
human assets by migrating some of their legacy I.T. staff to 0O, as the decision to recruit

cannot be fulfilled, given the lack of qualified OO software developers.

Three factors were considerad in the analysis, namely.
¢ The cost of the migration;
+ The time required for the migration to be complete; and

s The risk of a software development staff member failing to rnake the transition.

The cost factor reflects expenses and lossas that an organisation will incur when migrating their
current |.T. staff. It consists of training expenses, loss of productivity during training, loss of
productivity during OO technology adoption, and the compensation increase required for

retaining the converted staff.
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The time factor reflects the duration of the entire process, induding training and the maturation

time.

The risk factor measures the probability of failure of achieving full productivity as a QO team
member by the end of the migration ime frame. It also estimates the amount of money the

organisation will put at risk when migrating these |.T. staff members.

The analysis does not consider factors such as hiring quaiified trainers to conduct on-site
training, or qualitative factors such as unique and business experience possessed by these
legacy |.T. employees, or the organisation's desire to retain such employees, if migraton is the

only means of doing s0. Extemat sourcing costs such as recruiting costs are also excluded.
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MIGRATION TO OO SKILLS

4‘”{

GENERATION
Transilion cosl (training & lost productivily) $41 000 238 000 $19000
Total cost (including compensation $57 000 $52 0D $23 000
increase)
Original salary $65 000 $67 000 $75000
Total costloriginal salary 90% 75% 30%
Total costs/COBOL developer's cosl 100% 90% 40%
Time {duration of migration) 12 months 10 months 5 months
Time/COBOL daveloper's time 100% B85% 40%
Risk {Probability of failure) 80% 40% 6%
Cost of failure {transiion cost x probability of $25 000 $15 000 $1 000
failure)
Cost of failure/COBOL's cosl of failure 100% 80% 4%

Tabila 10: Migration Sultabillty Matrix [7]

The analysis abave condudes that migrating legacy I.T. staff members will be a costly, langthy

and risky affair. Gartner further recommends that organisations assign an ‘acceptance

threshold’ to cost, time and risk factors in the decision-making process.

An example would be:
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FACTORS FOR MIGRATION TO ‘PROFESSIONAL’ OO DEVELOPMENT

Cost $60 000 or less

Time 9 months or less

Risk 30% or less

Table 11: Acceptance Threshold Matrix [7]

The OO skills shortages should be attacked from every available angle. Lateral thinking in
recruitment and retention plus up-to-date training methods are necessary, but not sufficient

conditions for success,
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6. CASE STUDIES

6.1. DELOITTE CONSULTING (2001)

DESCRIPTION

The Westem Region Solution Centre of Deloitte Consulting is an organisation focused on
providing dierts in many industries with effective e-commerce and e-business solutions. In this
case study, they were contracted to The Califomia HealthCare Foundation to streamline their

business praclices and develop an e-business solution to improve the enroliment process.

BuUSINESS PROBLEM

To enroll children in the new health insurance program, parents were requested fo fill out a
complex 28-page booklet of forms and worksheets. Therefore completing the application alone
was a bamier to coverage. A better sofution to public health insurance enroliment for familiss

had to be provided.

Deloitte Consuiting was contracted to design, test and implement an on-line enroliment system
for the Califomia Healthcare Foundation, and the applicetion had to be easy to use, highly
accurate and implemented and tested within a short time frame. The software interface and
back-aend database had to seamlessly integrate with a legacy mainframe application. The fim

had to also mest the dient's budget parameters while salisfying its low risk threshold.
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BUSINESS SOLUTION

To develop better e-business solutions faster and with reduced risk, Deloitte Consulting had
standardized on an lterative Development approach using RUP®. The softiware development
approach minimized risks, increased quality through proven best practices, and provided an

enhanced time to market the solution.

The foltowing challenges were presented to the consulting firm:

¢« The existing paper forms were complex and difficult to use, and they did not
accurately capture some key information. This necessitated redesigning the
application to create an on-line version that would be highly user-fiendly, while
capturing 2 wide spectrum of complex data. The application also required enor
checking processes {0 increase the quality and validity of the data as well as security

and confidentiality of the data that was collected.

» The user community consisted of two groups, namely institutional users who assisted
and enmlled people on a regular basis, and beneficiary users thal self-enmolled
themseltves directty on the Intemet. The forms and procedures had o be effectively

developed for both groups.

¢ The new e-business application would have to be seamlessly integrated into the State

of California’s legacy mainframs system.

KEy BENEFITS

The application was developed using the iterative approach in a three to four month
developmert window, meeting the fast time to market Risk was reduced utilizing the proven
process based on expert knowledge and induslry acknowledged best practices. This was the

first time that Deloitte Consulting developed an e-business application for such broad use, which
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was based on developing components. The iterative development process offered the dient

both high quality and fast development, eliminating the software paradox.

6.2. ARINC INCORPORATED (2000)

DESCRIPTION

ARINC Incorporated develops and operates communications and information processing
systems for the aviation and transportation industries and provides the systems engineering and
integration soiutions to the govemment and industry. They have their headquarters in

Annapolis, Maryland, with over 2800 employees worldwide.

BUSINESS PROBLEM

ARINC embarked on a projedd that was critical to maintaining their leadership position, of the
development of a state of the art digital communication network that allowed commercial aircraft
around the world to send and receive messages conceming flight information, scheduling and
operations, thareby providing increased safety and efficiency for passengers. The systems
development component had an expected duration of 5 years and this effort required mone than

100 software development rescurces.

A year down this critical project, the product development director realised that he would need
to make some changes. The projedd was using the waterfali approach for software
dayelopment, and a lage amourt of time was consumed to capture, refine and document their
requirements. This vary lame and complex software system did not have a scalable process to

attack the issues, as the team was not effective at formulating requiremsnts or at developing a
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design and architecture to satisfy these requirements. Therefore project management
recognized that the existing software development process was not scaled to meet project costs

and scheduled demands.

BUSINESS SOLUTION

The team was introduced to iterative development to solve the basic problem of attacking
issues at hand by breaking down into manageabls pieces that could be handled one at a time.
The team was able to put a viable working process in place, and demonstrate i, in just three
months. As RUP® provided the team members with a common vocabulary of a well defined
and proven set of terminology, communication problems between individuals and groups were
quickly and greatly reduced. Abstract modefing forced the team to get out of the quagmire of
technology and detail, and think about the solution from & highar level, allowing the team to

develop a pure, more robust and simpler business solution.

The team initially started with a three-week iteration to teach a small group of key project
members about the adlivities involved in iterative developmentl. Subsequertly, the iterations

consumed saven-weeks addressing relatively, simple use-cases,

Ancther key beneft was the ability to idenilify and define reusable components, which
significantly reduced the duplication of effort and provided the team with a much more
streamlined architecture. Furthermore, with each iteration, the architecture became dearer, and

the system evolved into a complete system,

The project remained on track with full deployment in 2002.
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KEY BENEFITS

A summary of the key benefits attained:
« Improved communication between the business and technical team members;

s Tangible results, in tems of working software, that was demonstrated early in the

process;
» The reduction of key project risk areas;
+ Process improvement with each iteration; and

s |dentification and definition of reusable components, eliminating coding duplication.

6.3. AU-SYSTEM (1999)

DESCRIPTION

AU-Systern is Swaden's largest independent software development and consulting firm for

wireless software solutions, systems integration and intranet and Intemet solutions.

BUSINESS PROBLEM

Consumers in Sweden were uncomfortable using personal credit cards for Intemet purchases.
Their reluctance, shared by peopla in cther Scandinavian countries, had hindered the growth of
e-commercs in these regions when compared to other parts of Eurcpe and the United States.
Credit cards have becomea the most widely used payment method for Intemst transactions

between merchants and consumers,
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MeritaNordanken, a leading Scandinavian bank with 6.5 million private customers and 400 000
commercial customers, sought to remedy this situation by establishing an e-commerce payment
system based on secure account transfers instead of credit cards. AU-Systern was requested

to design and implement the software system.

The approach that the client had was quite simple. Both merchants and consumers would have
access to their respective MeritaNordbanken accounts over the Intemet  To make a purchase,
buyers would enter their password-protected account and transfer the appropriate amount of
money into the merchant's accourt via a user friendly and familiar web-interface. The buyer
oould thus make payment without placing any sensitive information onto the Intemet and the

Bank would guarantee payment to the merchant.

BUSINESS SOLUTION

AU-System was handed a formidable list of project specs, which included a very simple user
interface for buyers and sellers that would work with all common Intemet browsers, a
requirement that the application would integrate into the Bank's legacy mainframe systemn, and
robust security and encryplion was required throughout the entire process. A further
requirement was that lhe dient called for development, testing and roll-out to be complets within
a three-month time frame. Another restriction was the limited access to the back-end
integration, as development took place during the same peried the bank was securing their data

systems for Y2K.

A further problem that the developmant team had to deal with was the Swedish summer holiday
season falling right in the middle of the scftware development schedule, as team members were
entifed to their four week vacation. In order to meet the project delivery date new team

members were introduced and brought up to speed in a very short order.
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The iterative developmant process allowed flexibility in providing design changes right in the
middle of the project and introduced new people into the team. RUP® made it easy for people
to be introduced to the code, obtain a logical view of the development, and then  quickly

continue with the software development.

The overall problerm was divided into a number of well-defined smaller problems, and in each
iteration the top priority problems were defined, analysed, implemented and tested. Problems
were thus identified and addressed early on the in the project, shortening time-to-market and

greatly reducing the risk and expense of fidng major bugs after the release.

The use-case-driven approach described the software functionality from tha end user's point of
view, and ensured that they were propery understood, documented and implemented in the

software.

KEY BENEFITS

A summary of the key benefits aftained:

¢ The tterative development process provided for flexibility of the total design, as design

changes were made in the middle of the project;
+ New people could easily be integrated into the development team;
« Components were defined and re-used, eliminating duplication; and

» The iterative approach minimized risks from project inception.
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6.4. VoLvO INFORMATION TECHNOLOGY (2000)

DESCRIPTION

Volvo Information Technology is a wholly owned subsidiary of AB Volvo, one of the largest
industrial groups in the Nordic Region. Volvo |.T. provides all types of 1.T. solutions in a variety
of technical environments. The company was formed in 1998, through a merger of all LT,
resources from the differert Volvo Group companies. Volvo I.T. provides the Voho Group and

other selected customers with cost-effective I.T. solutions resutting in long-term business valuse,

BuUSINESS PROBLEM

Like most other companies in the |.T, business, Volvo 1.T. faced new chalfenges that required
changes in the way they developed, delivered and maintained software applications. Some of

their challenges were:

s The applications were becoming more and more integrated with the business,
therefore the application development process had to be integrated with the business

engineering process;

* The paoe of business changing is aver increasing, therefore Volvo |.T. had to improve

productivity in order to respond to new and changing requirements; and

« Customers required global solutions, and this has lead to an increase in number of

projects that are distributed over several countries and continents.

They defined their long term goals and required a new framework that should encompass the

following (Method Strategy level):
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+ Welldefined business requiremeris as input to the application development

ervironment;
¢ Better product fit to actual needs at time of delivery,
« Shorter lead time until delivery of first version of the application;
¢ More projects on budget and within the prescribed time;
¢ Reduced rework costs — reusability of code, if defined as components;
+ Befter product maintainability; and

+« One common procass for development of software applications,

BUSINESS SOLUTION

In order to implement RUP®, their efforts worked on three layers:
+ The Method Strategy leve),
s The Process/Method Development leve); and

+ The Application Development level.

&vﬂrd Stratogy o ”'-m- . A «  Method Stratagy ste!opmant>—- Expeced

Pevalopment Otjecihves Dervalopmoni Procoas Davelapmant Process

........................................................................................

Flgure 36: Yolvo 1.T. ‘a Implamentation Approach [13]
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At the Method Strategy level, they focused on the business challenges and objectives. They
realized that implementing or changing the application development process in a business was
a lask with lots of traps. They defined Lhe following critical success factors (CSFs) for the

migration to the rew process:

« Commitment from managemert was absolutely critical and that they understood the

externt of change the company was {o go through;

¢ In-house process engineering skills was a central part of Volvo 1.T.'s business, and

therefore it was important to have a centralized controlled process;

s There should be integration between the application development process, ils

methods and its tocls; and

s The process had to be easy to distribute as it continued to evolve.

The Implementation Strategy component involved the company to setup a project for
implementation of RUP®. They realized that it would be impossible for the company to start
using the development process in all new projects, and decided to stage Lhe implementation. In
order to fadilitate the cultural shift and gain experience in (he new process, a few pilot projects
were selected, and based on that experience; more projects were implemented with the new

development approach.

KEY BENEFITS

A total of appraximately 10 milion US dollars was invested in the 1000 people that work for
Volvo I.T. A questionnaire was developed to evaluate the iterative process, and an evaluation

was done with customer representatives and Lhe project team, at the end of each project.
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After 9 months into the process, the evaluation was consolidated and the following savings were

presented;
» Project schedules were reduced by 17%;
s Project effort was reduced by 46%; and

» Defects were reduced by 51%.

The Volvo I.T. approach predicted that they will reach Capability Level 3 in CMM within an 18

month window.

6.5. FORD FINANCIAL

DESCRIPTION

Ford Financial is a wholly owned subsidiary of Ford Motor Company, with 200 branch offices
servicing 12 500 dealers. They are a global leader in meeting the financial needs of customers
threugh product and service offerings. The company is also the largest non-govemment debt
issuer, providing high-quality bond offerings to investors. They cumently employ 20 000 people

and servioe more than 10 million customers wordwide.

BUSINESS PROBLEM

Over the past decade, Ford Financial had seen how the Intemet has affected the automotive
industry and automotive financing houses. Intemet technology has lowered the entry bamiers
for small services companies and for companies bom on the Intemet, resulting in increased
competitton and lower margins. Vast numbers of dients look to the Intemet for comparative

financial research, thereby expecling an easier and faster loan processing and customer
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service. The company was determined to exceed the pacs of technology and industry change
and rovolutionise its business via e-business initiatives, and developed a cohesive e-business
strategy to leverage its market share, distribution systems, and breadth of product offerings. A
proviso was that its existing legacy I.T. infrastructure and back-end systems would be leveraged

to provide CRM and e-commerce services to its customers.

The company identified several key business drivers for its e-business strategy:

¢ Retain platform independence. The company did not want to be locked in to a single
vendor for hardware or software, and required the flexibility to develop best-of-breed

solutions based on a variety of products;

e Inegrate new services with legacy back-end systams. They did not want to spend
time and money on migrating the data to a new environment and instead write coda to

integrate Intemet-based applications with this data;

s Lower distribution costs, as they had high overhead costs for distribution of software

updates to its dealers via CD-ROM.

s Increase mamins, improve employee productivity, and strengthen customer
relationships. The architeclurs needed to support new and future applications that
would e-enable paper based, manual processes. This would enhance the efficiency

of loans, customer inquiries and credit application processing; and

¢ Shorten development lifecycles for new features and functionality. Their cument
development lifecycle was between 8 and 12 months, and they required it to reduce to

4 months for product and feature roll-outs.

BUSINESS SOLUTION

The business problem was divided into 4 large-scale initiatives:
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« Workflow — a mission-critical, enterprise, business-to-employee (B2E} Intranet service
that delivered enterprise wide information such as customer account payments,

delinquencies and repossessions.

¢ Used Vehicle Information System (UVIS) — a business-to-business (B2B) system that
interfaced with external auctions and shipping companies to facilitate the pickup, sale

and transportation of used vehicles in which Ford Financial had finandal interest,

» CreditWeb, a B2B service that enabled Ford Financial and auto dealers to enter and

transmit EFT transactions to their branch offices; and

s Intemational Account access - designed to enable customers from all over the world

to access their acoount information online.

KEY BENEFITS

Some of the business benefits that have been documented:

+ Faster time to market The iterative development approach and reuse of components
helped the company meet aggressive and compressed implementation schedules,
reducing application development cycles from an average of 8 to 12 months to 3 to 4
months. The development methodology also assisted in streamlining and boosting
development efficiency while concurmently reducing risks. Ford Finandal has been
able to reduce development costs by reusing approximately 70% of components as

well as speed time to market by reusing approximately 95% of its architecture design;

¢ Reduced costs. On-line self-service allows customers to perform activities quickly, off-
loading calls to the Ford servicing centres. Ford Finandal has reduced costs by as

much as 30%;

« Integration with legacy systems. By transitoning to an open-standards-based

platform, Ford was eble to leverage the data stored in legacy back-end systems
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without expending time and money migrating the data to a new environment and

writing code to integrate Intemet-based applications with this data; and

+ Increased productivity, through a combination of best practices and process leaming.
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7. CONCLUSION

A future analogy:

The cars rolling off production lines today are the resutt of some four years design and development
work, As recently as the early 1990s, however, getting new models from the drawing board to volume

production took twice as long.

The trend towards ever shorter development cycles is set to continue, and by around 2008, leading

automobile manufacturers aim to have their latest models on the read in less than two years.

It is an ambitious goal, and one for those |.T. departments to provide effective support. At CeBIT 2002,
DaimterChrysler showcased its E-Factory solution, which integrated development work, production
planning and actual production procasses, As the name suggests, E-Factory enables manufacturers to
model resources at production plants, simulate and review the entire product development kfecycle
from end to end, helps improve the quality of production planning, cuts costs for design changes and

reduce production lead times.

The key objective is to synchronize planning aclivities, ensuring that all participants in the
manufacturing process ¢an digitally exchange production and capacity data, whenever it is required.
Today companies such as DaimlerChrysler increasingly rely on powerful information technology and

telecommunications solutions for the entire lifecycte of their vehicle.

We can summarize that CBD has the following benefits for an agile organisation in the new economy:
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7.1. OVERCOMING RESISTANCE

Project Management It is surprisingly easy to get agreement based on the logical argument
that CBD is beneficial to I.T. and the organisation, as it enables reuse, brings flexibility to the
development project, can reduce development time and eventually costs to the project The
difficulty lies in tuming the agreement into tangible action, or to sustain the action once it is
initiated. This is especially true when using CBD means migrating people, processes and tools
to an unfamiliar approach. Building a strong business case based on cost and time savings will

have a positive effect on most project managers and most of all the business sponsors.

Business Sponsorship. Resistance to implementing component architecture can sometimes
come from project managers under pressure to deliver. i the organisation is serious aboul
balancing project and strategic aims, then CBD must have the sponsorship of senior exeaddives

who can provide this balanced perspective,

Persuasion. The ideal scenario is to have persuaded business and 1. T. members of both the
benefits and practicality of CBD. An approach would be to be persistent and consistent in
cornmunicating the benefits, and cormplemented with proof that this iterative development
process works and brings positive benefits. Examples of recommendation would be technical

references and pilot projects.

Industry Awareness. The use of component architecture frameworks (J2EE and COM+}) is
now standand in the industry. These frameworks are based on Q0, and these component-

based systems represent industry-wide best practice.
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7.2. BUSINESS AND I.T. ALIGNMENT

A common understanding of components is vital for both business and I.T. Reusable
components cut acrass business areas and organisational boundaries, and technology cannot
glone solve these issues. Alignment of team members should be around architecture, rather

than just projects, which will demonstrate the commitment to the understanding of CBD.

One way of reducing the risk inherent in moving towards a component-based approach, is to
share the risk by partnering with vendors. These vendors can provide particular expertise, may

have done similar development work before, and view success to be in their best interest.

iterative development is not a magical wand that when waved sotves all passible problems or
difficulties in software development, Projects ame not easier to set up, to plan or to control just
because they ame tterative. The development team will actually have a more challenging task,

espedially during the first iterative project, and when risks are high and early failure possible.

Eclipse (www.edipse.om) is a praject providing open-source development of obust and industry wide

components, The organisation consists of a consortium of major 1. 7. vendors who formed to develop a

better development environment and share their knowledge and practices among them. The end-

result would be a library of common components that will be open-source and platform independent

This report has highlighted the benefits of object orientation as a software development approach, and

the practical examples have demonstrated tha following:

Shorter software development cycles;

A more maintainable product;
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+ Reduced development costs per project, which has a relative economic advantage;
» Reduced lifecycle costs;

= The change implication, competence and team perspective that is essential;

+ More flexibility; and

« Interoperability between applications, hardware and business frameworks.

Lastly, the next evolution of L.T. architecture will stil be based on component architecture, with a
stronger emphasis on imtegrating legacy systems and on a common services layer to suppont
application delivery for a wide variely of users, channels and devices. The demands and visions of

industries such as the automobile industry can be enabled by CBD.
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8. DEFINITIONS

.T. - Information Technology

¢ ICT - Information and Communication Technology
s  WTO -World Trade Organisation

¢ OECD - Omanisation for Economic Cooperation and Development
= BSP - Business Service Providers

s ROCE - Retum on Capital Employed

« CBD - Component Based Development

s |SV —Independent Service Vendors

» UML - Unified modelling language

¢ OMG — Object Management Group

«  www —Word Wide Web

» |DE - Integrated Development Environment

+ EJB - Enterprise Java Beans

s AdiveX — A type of component that uses COM technologies to provide interoperability with

ather types of COM components and services,

s COM - The Camponent Object Model is a software architecture that allows applications to be
buit from binary software components. COM is the underlying architecture that forms the

foundation for higher-evel softwane services,

s XML — Exdensible Markup Language, designed to improve the functionality of the Web by

providing more flexible and adaptable information identification.

» B2C - Business to Consumer
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+« B2B -Business to Business
« GUI - Graphical User Imerface

« OCL -~ Object Constraint Language is part of UML, and is applied during the analysis and
design phases to identify the conditions under which an object will provide a service

(operation) and the result that occurs if these conditions are fulfilled.

e (ORB - Object Request Broker

s 24'7*385 - a service or application thet is available 24 hours a day, 7 days a week for 365
days a year.

+ VSAM - Virtual Storage Access Method, a mainframe storage method.

¢+ CMM - Capability Maturity Model

¢ SEIl - Software Engineering Institute

¢ RUP - Rational Unified Process

¢ CSF - Critical Success Factor

+ OO0 — Object Orientation

e CeBIT - The world's lamgest annual trade show for information and telecommunications

technology.

s J2EE - Java 2 Enterprise Edition, an IBM/SUN component programming model implemented

in application server produdcts.

»  COM+ - An extension to Component Object Model (COM) that allows developers to create

and use software components in any softiware language, using any tool,
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