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Whatever the Process

The content of this issue is mainly focused on the software process with the participation of
authors that have given presentations at the 2004 edition of the European SEPG Conference. It
is fairly common these times to criticise some earlier work performed under the software
process improvement umbrella. Approaches like the Capability Maturity Model or the Unified
Process have been the target of criticisms for the burden that they put on software development
projects. Agile approaches, like eXtreme Programming or Feature Driven Development, have
been proposed to help software development projects with a lighter framework and practical
principles that are easier to understand and to apply. Our next PDF issue will be focuses on
these agile approaches.

I think that many participants in this debate are fighting the wrong battle. From what I see in the
software development world, the problem is not about what process is the more adapted for a
given project, but about the attitude of the managers and the developers towards software
development. Software development is an activity where the human influence is decisive. We
have some tools to help us in our work, but the quality of the deliverables is mainly influence by
how we build them. A process infrastructure is worthless if the developers do not care about
their work. I am always amazed to see that organisations are investing a lot of money to produce
a nice internal life cycle methodology, but are failing to give their developers the adequate
training or tools to write and execute effective tests. To compare our situations with the sporting
world, I would say that we are often debating about game tactics when many players simply
lack the basic skills to handle the ball. For me testing is an important activity, because it is the
time where the developer has to challenge the quality of his code and to show how he
understood the expected results of his work. I do not think that they are many companies where
this phase has some formalisation, where you can find tests cases in some documentation or
where solid test tools and infrastructures are provided.

Before thinking about processes and a better way to handle software development projects, let's
just check that the basic skills are put in place.
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Don't Write Another Process

John Davenport, davenport@q-labs.fr
Q-Labs, www.q-labs.com

This article imagines a future in which organisations achieve high performance without writing
any more processes. Instead, they use processes that already exist, they measure key attributes,
analyse them regularly and improve them in a systematic way.

To fully cover the ground beneath this vision we need to consider 3 things:

• what motivation is there both for and against re-use;

• we need to look at what aspects of culture help or hinder re-using processes;

• and it will help of we look at some examples and benefits of process re-use, so as to fully
illustrate what we are talking about.

We can start by noting that all the processes you are ever likely to need exist somewhere
already. They could be within your own organisation, or they could be external. It really doesn't
matter. There is no need to re-invent them. So don't.

1. The Motivation for Re-Use

There are 3 principle reasons why re-writing a process is a BAD idea:

• It focuses the conversation too quickly on process detail, and thus distracts you from
business benefit;

• It delays or even stops you from getting into institutionalisation;

• It prevents or distracts you from measurement and hence progressing beyond level 3.

Let’s look at these in more detail…

1.1 A True Business Focus

The starting point is that all process activities MUST lead to improvement of business
performance. It doesn't matter how good your processes are if your company is failing around
you.

Engineers LIKE to invent things. Their whole background, genetic make-up, education and
orientation SCREAMS at them to re-write the process. So what will stop them? The tendency to
rush into defining a process is NOT stopped just because you already have one.

The strategic link is critical. If we wish to achieve business benefit, then we must talk about it.
We must focus on:

• Business goals/targets for processes – aligned to the organisation’s strategic direction;

• Efficient use of people’s time;

• Tracking business value.
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1.1.1 Business Targets for Processes

What can help is to re-focus the whole effort on business benefit. If we start with the axiom that
all process activities MUST lead to an improvement in business performance, then we are drawn
into thinking about what this means in our situation, rather than the detail of the process. But
this is very hard to do – especially for the so-called ‘process professionals’. After all, their
professional life is based on defining processes, not setting business targets for them. Clearly
what is needed is a partnership between business managers and process managers. This is the
first, but by no means the last, time we shall see this. If we can achieve a meaningful
relationship between these two areas of the organisation, then SPI (Software Process
Improvement) becomes SPI (Strategic Process Improvement).

I know of one organisation where a CMMI level 3 set of organisationally acceptable processes
is available for implementation by any organisational unit that wants to do it. All that level x by
time y nonsense is just by-passed. Such an approach invites you to define the REAL business
benefit, and GET ON WITH ACHIEVING IT.

We can focus more clearly on business benefit by looking at some examples:

• Deliver 500FP projects in less than 12 months;

• €1,000 per FP or less;

• 1 defect per 100,000 lines of code, or less.

Advertisement – European SEPG 2005 - Click on ad to reach advertiser web site
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Most organisations would struggle to get the data to show where they are today against these
targets. Implicit in these targets is an organisation where top management thinks in these terms
and process management forms the link between such business-level targets and the engineering
detail necessary to deliver them. In such organisations, process thinking stretches across all
levels of the management hierarchy. If I can use the word here, the maturity of the management
is well developed.

1.1.2 Efficient Use of People's Time

A second reason not to re-write processes is to make the best use of people’s time. Without
doubt time is the most critical resource for most organisations today. To waste it is nothing short
of criminal. Yet time and again organisations re-write existing processes - often for no known
business benefit. Sometimes the given reason is to improve a process that isn’t even fully
implemented yet. What a waste!

Quite simply, an unimplemented process is not worth writing.

If time is the most critical resource, it is also true for most organisations that the amount of SPI
resource is limited. In such a scenario, every person-day re-writing a process we already have is
one less person-day analysing process data or implementing process improvements. We could
be

• Designing a new product;

• Enhancing an existing one;

• Analysing an existing process;

• Taking the organisation to higher levels of process performance.

You often hear the phrase “don’t re-invent the wheel”. It’s often used cynically by people who
wish to prevent some activity taking place. It’s interesting to look at the development of the
wheel. The earliest known wheels, constructed in ancient Mesopotamia, date from about 3500 to
3000 BC. Radial spokes were devised around 2000 BC. Pneumatic tyres were added in 1888,
and light-alloy wheels were developed in 1950. Centuries of development and in all that time,
no-one ever re-invented the solid stone wheel! By contrast, some organisations have several –
even many – versions of a process co-existing (e.g. project planning); all have been individually
defined; all have been individually paid-for; none are in wide-spread use, and there is no
comparative data available. Such organisations, clearly, can afford to waste their software
engineering resources in meaningless (non-business value-adding) activities. Maybe it is part of
some punishment regime?

1.1.3 Tracking Business Value

Finally, in our section on business benefit let’s look at how people recognise it. The key
approach has to be Return On Investment (ROI) – the cost of process improvements is
compared to the value of recognised improvements. Some people limit improvement to the
measurable aspects of performance, e.g. productivity, time to market, and defects. Others will
include factors such as:

• the business opportunities that can be addressed once projects move out of the tar pit;

• the lower lifetime costs of improved products;

• the greater market share and revenue that new and improved products can bring.
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However we focus on business benefit, the crucial thing is that we MEASURE it. Measurement
is critical to improvement for two reasons. The first is without measurement all you have is
constant change, with no idea of whether it is for the better or the worse (although there will be
a lot of opinions):

"Without the right information, you're just another person with an opinion" - Tracy O' Rourke,
CEO of Allen-Bradley.

The second reason is that when we start to measure things we start to ask questions – detailed
questions – about what we are measuring and how to measure it. These questions can seem
annoying and trivial when we are trying to implement some large, strategic vision, but they are
actually key to that implementation. Without a detailed idea of what we are measuring and how,
we will never manage to gather the data we need to quantitatively demonstrate our
improvement. In the extreme this can prevent the implementation of a process. More usual (and
more depressing) is that at some stage the organisation realises that it cannot measure the
process without additional effort, and decides to forgo that effort. Thus a process is (sort of)
implemented, but no data on its use or usefulness to the business can ever be gathered.

1.2 Institutionalisation

Institutionalisation entails building an infrastructure and a corporate culture that supports the
methods, practices and procedures of the business so that they endure after those who originally
defined them have gone [CMU/SEI-93-TR-24, p4].

Advertisement – Managing IT Resources - Click on ad to reach advertiser web site
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That is to say the way of doing things becomes independent of any individual within the
organisation (remember level 1 is the realm of the hero). The real issues in PERFORMANCE
IMPROVEMENT are in implementation (such a nicer word for institutionalisation :-). Again,
this gives us a good reason NOT to re-write a process. Why waste time re-defining any
processes? Get right into the real stuff!!

Many organisations spend as much time or more in definition than in institutionalisation. For
some reason they don't like to go there. Maybe the word itself is a barrier. As Groucho Marx
says, “who wants to live in an institution?”. It's not a nice word. Yet the culture of the
organisation – the institution – does affect behaviour. Despite the fact that we don't like looking
at it, there is a critical issue here.

Institutionalisation involves building a culture that supports the way the business wants to do
things. But in the same way as “practice makes perfect” only if the practice itself is good, so the
culture will only support continuous improvement if it is a culture of continuous improvement.
Too many times in organisations we see a culture that venerates the ancients (past and present
management) rather than (or indeed instead of) being results-focused. In such environments re-
writing processes is usually seen as OK. Definition is viewed more positively than
measurement. This failure or refusal to be results-focused gives the implicit go-ahead to
continuous re-design of processes, committing organisations to live forever in a perpetual
repetition of levels 1 to 3. Let's look at why.

However you define the process improvement cycle, it will look something like this. Some
organisations spend so much of their time on process definition, that all other stages get
performed badly, if at all.

In implementing a new process, we face the challenge of changing an existing habit. This is
very difficult to do.

Let’s look at why…
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Changing Habits

Habits are consistent, often unconscious patterns. They drive our behaviour.

For those who drive a manual car, think of the first time you changed gear. All those things to
remember and do at the same time. Now try and remember the last time you changed gear. You
can't. It is so ingrained a habit that it is no longer even conscious.

Imagine what would happen to your driving performance if the method of changing gears was
changed. Even if the new method offered the prospect of being more efficient, initially you
would not be as good as you were previously. Psychologists tell us that 6 times is the minimum
needed to commit the new behaviour to memory. This takes a lot of time and effort. Until they
are a new habit we are not as productive as we were before. Being a U.K. driver, the first time I
drove a left-hand drive car, I put the clutch in and opened the door!!

Because habits are often unconscious, to change a habit requires that we:

• explicitly identify the activities that we wish to change;

• develop the new set of activities we wish to put in place;

• train people in the new activities, including any new tools or techniques needed:

• practice them some 6 or more times until the new activities become stronger in our
memories than the old ones;

• practice them some more, until the new activities become habitual (and efficient).
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This takes a lot of time (more than effort). Many improvement projects remove the monitoring
effort before the new activities are established and the old habits simply re-assert themselves.
And usually management has made no allowance for the obvious lower productivity during the
change-over. Because of the length of time needed here, it is key to get into institutionalisation
as quickly as possible. An active approach to re-use means that institutionalisation is the first
step of the process improvement cycle.

1.3 Measurement

The third good reason to promote re-use is to ensure a good approach to measurement. We’ve
already mentioned the importance of measurement:

"Our managers have all gone through the frustration of debating how high are ‘high’ costs, how
poor is ‘poor’ quality. They know that once we set up units of measure, the debate shifts from
the meaning of adjectives to doing the job at hand, which is as it should be."
Managerial Breakthrough, J. M. Juran, McGraw Hill, 1964

If chaos is the enemy, measurement is the foundation that will keep chaos away. In the
Foundation stories by Isaac Asimov a process group (Harry Seldon) designed a system to reduce
a period of 30,000 years of chaos to a single millennium by founding 2 sites; the first one to
ensure the development of a technology superior to that of the forces of chaos and the other to
monitor progress against the improvement plan.

To carry this simile into measurement, the first foundation is an organisation's ability to define,
take and analyse key process attributes. The second foundation is the small group of trained
people who monitor the evolution of the improvement plan, making small but crucial
adjustments where necessary. If Asimov had the vocabulary available to him, I'm sure he would
have called the Seldon Group the SEPG (conversely, why didn't the SEI call the SEPG the
Seldon Group?!).

Although we measure things at levels 1 and 2, it is at level 3 that it transforms from a PROJECT
tool into an ORGANISATIONAL tool. Only when we have an OSSP do the measurements we
take begin to give us information about how the PROCESS is performing. And only then can we
begin to decide how to update the process (as opposed to re-write it), to deliver stated business
benefits. Level 3 is the fulcrum between (essentially) unmeasured, qualitative processes and
quantitatively controlled processes. I’d like to use some slides from a presentation by Dr.
Sontakke from ICIL which illustrate the pivotal nature of level 3.
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Preparing for Measurement

Level 1 is simply where we all start – the primordial soup out of which process organisms
develop. At level 2 individual projects have adequate controls, but they are individual to each
project.

Level 3 is created when we intelligently take our level 2 process assets and forge a standard s/w
process (OSSP) for the whole organisation.

But level 3 isn’t an achievement – it’s a PREPARATION. A preparation for the real process
work of measuring, monitoring and improving.

In The Measurement Landscape

Once we get to level 3 we are in a whole new universe. We can now accumulate and compare
data from all our projects. Only now is it comparable. We can identify areas where we wish to
improve performance, and we can design and implement those improvements.
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In doing this we are improving the process – not re-writing it. For the first time ever, we are not
re-writing the process. This is the true start of process maturity. Level 2 is process adolescence.
You might say that the mark of a true level 3 organisation is that it has stopped writing
processes. Level 3 really is pivotal.

2. A Re-Use Culture

Section 1 was intended to establish the motivation for reuse which, put simply, says that until
you have stable established processes that you are monitoring and improving quantitatively, you
really have no idea whether one process definition is better than another and you have more
chance of improving your company's fortunes by betting on the lottery.

In this section, we want to look at what aspects of culture support process re-use, and thus
moves us to higher levels of process maturity. There are many definitions of culture, but all
share some or all of the following elements:

• cognitive frameworks, shared meanings and perceptions;

• beliefs, attitudes, and behavioural codes;

• values, stories, heroes & heroines, symbols and rituals.

All are intended to align the many activities of the organisation, which is the key to
organisational efficiency.

"Organisational culture is the key to organisational excellence."
Edgar Schein, Professor of Management, Massachusetts Institute of Technology.

This quote rightly points to the importance of culture to organisational excellence, and a
consideration of the concept of alignment (see Peter Senge, The Fifth Discipline, pp 234 - 235)
shows us why.

Culture: The Magnetic Model

In order to achieve EFFECTIVE, LASTING change, all we need to do is change the behaviour
of everyone in the organisation. When everyone in the organisation is pulling in the same
direction, this is achievable.

However, the difficulties that organisations have experienced in developing effective process
improvement leadership illustrate the difficulty of this apparently simple approach. Why is it so
difficult to align people in an organisation?
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Most change programmes just try and change things. The better ones at least go to the trouble of
explaining what the change is, or at least the need for it. But even this is not enough. The
approach is based on a logical approach – “If I explain it to you, then you’ll do it, won’t you?”
But people are more than just logic engines. In the left brain-right brain model the left brain
does indeed deal with logical, rational, analytical tasks. In addition however, we humans
gloriously have a right brain which is dedicated to imaginative, creative, emotional tasks.

Just telling people what we want to achieve is necessary, but not sufficient to achieving our
aims. Any organisation hoping to create permanent improvement needs to engage both brain
halves. To pick up one of those culture definitions, we need to ensure that actions and beliefs are
coherent.

Without process improvement leadership people are working just as hard, but often as not
against each other. The overall effect is minimal. We need the alignment that appealing to right-
brain concerns gives us. The overall effect is much, much stronger.

Culture: The Integrity Model

No set of new activities, however much it is wanted, will prove effective if it runs contrary to
the values and beliefs of the organisation. There needs to be compatibility between the activities
and the attitudes of an organisation. For example, do we set an objective to analyse process data
every year, but have an attitude in the organisation that says sales visits are more important?

The integrity model, first introduced in 1984 by John Seddon of Vanguard Consulting shows
how we can integrate both brain halves in the pursuit of better results.

In the integrity model the left-hand path deals with left-brain considerations. Given a vision, it
develops logically the strategic goals, objectives and activities needed to turn the vision into a
set of business results. The right-hand path deals with the right-brain considerations of the
workplace values, attitudes and behaviours. We can use this model to investigate the elements
of a culture which is supportive to re-use. And it’s bigger than you might have thought …

Vision - Must include something on ‘measurable’ or ‘demonstrable’ superiority. We need to be
careful and explain clearly what we want to be best at – maybe people are trying to be the best
at writing processes!
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Values – I know organisations where software people say “Oh, we don’t have project managers
because we only deal with people costs here”! And management let them!! This denigration of
the importance of people also promotes the re-writing of processes - after all, it's only people's
time that is being spent! Organisations with these values deserve the resultant behaviours –
constant re-defining of processes and a total lack of measurement and performance information.

Values – Trust can only be obtained if you are involved with people. Attention to output is
insufficient; attention to detail / process / the how must also be there. Trust only comes with
integrity. The only way, for example, to make the message “work smarter with fewer resources”
work is to do it first at the organisational level. In the end it boils down to whether we trust our
own people or not (Theory X / Theory Y). Many organisations do not.

Strategic Goals – The broad achievements the organisation wishes to achieve. These must flesh
out the vision and be compatible with the values. Often organisations don’t share their strategic
goals. You can’t expect people to work towards something they are ignorant of. Furthermore,
because the strategic goals are hidden, the vision doesn’t make sense because you hide from
people the added detail that helps them instantiate the vision in their particular circumstances.

Attitudes are the things that direct our activities when we ask the question, “what shall we do
now?” Many software groups focus quite naturally on technological issues. But these are only
necessary, not sufficient to guarantee success. The attitudes below are ones I have found to help
correct this imbalance – giving some airtime to people and process issues:

• Customer first;

• Intelligence before standards;

• Invite constructive review.

The objectives for each specific improvement programme will be the specific targets that need
to be met to achieve the strategic goals.

It is in the day-to-day behaviours where all the planning and preparation comes out. Projects
run better when people keep an holistic view of the entire project and are prepared to own any
problems that they discover. This entails being responsible for resolution of the problem, not
necessarily solving it.

In addition to the activities needed to build the product, we need activities which keep the focus
on process re-use and performance.

Finally the organisational support must do just that – support. For example, if we have a vision
to re-use processes, then we need systems and documentation that help that to happen. For
example:

• There should be a common notation, basically an IPO (input - process - output) notation like
IDEF or ETVX;

• There shouldn't be too much detail in the process description or it doesn’t travel;

• There needs to be a process architecture defined for the whole organisation;

• The process architecture must allow local organisations to add their own procedural detail to
the processes.
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It’s a fairly large model when you go through it like this.

In fact all the elements of it already exist, either explicitly or implicitly in every organisation.
The novelty here is to make it all explicit, pull it all together and ensure it is all coherent. This
coherency gives us – and supports – the new process behaviours. This coherency gives us
INTEGRITY; integrity in our aims, in our attitudes and in our behaviours.

Such a culture leads to consistent, repeatable, top decile performance.

Cultural Enablers for Process Re-Use

We can draw all the discussion on culture together with the table below:

Management commitment Easier if there are explicit links between business
objectives and PI activities, must emphasise

Engineering attitude
Engineers must be open to the idea of using processes
actively so as to meet both customer and organisational
targets for product content, and engineering productivity.

Process Notation
There needs to be a common notation so that different
people in different parts of the organisation can easily
recognise and absorb any new or updated processes.

Level of Detail
You have to start somewhere; why always choose a blank
piece of paper? More important – not too much detail or it
cannot be ported.

Approach to Processes

NIH (Not Invented Here) – this is the inverse of what this
normally means. We need a state of heart & mind that
explicitly looks NOT to design a process; a pride in the
amount of process used but not invented.

Communication
If no-one knows what processes are available, then they
will continually re-invent them. Of course, the SEPG
forms a natural focus for communication and re-use.

3. Examples & Benefits

To draw this discussion to a close, lets look at some examples where organisations choose
explicitly to re-use process assets and tease out what benefits lie therein.

Examples of Re-Use

• 10 minutes to define an estimating process (by re-using one from a sister organisation);

• 3 months to produce an entire software development system, certified to CMM level 2 (a
75% reduction on the last time a unit within the same company had done it);

• 10 months to move from CMM level 1 to level 3, compared to a median value of 19 months
to move from level 2 to 3 (SEI, Maturity Profile, March 04);

• 56% effort reduction in establishing a CMM level 2 system.
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Benefits of Re-Use

Mirroring the three areas we have looked at in our discussion on re-use, we can identify 3 major
benefits resulting from an active policy of re-use:

• A more business-oriented focus to SPI activities;
the simple fact of re-use focuses people more easily on what it is they want to achieve rather
than how.

• A sharper focus on measurement;
measurement now becomes a valued companion in the business mission – not an annoying
imposition or uninvited guest.

• The increased commitment of senior management to SPI.
when management can see that they are getting something they can recognise and value
(progress against their business goals), their commitment increases.

So, to summarise:

• All the processes you will ever need already exist. If you don’t have one that you need,
email me and I’ll give it to you.

• The key issues in process improvement are in implementation. So let’s not waste any time
defining processes that have already been defined. Let's get into the tough stuff as soon as
we can (to start reaping the benefits as soon as we can).

• Typically only a few organisations (17%, SEI, Maturity Profile, March 04) ever reach the
stage where process improvement is driven by quantitative performance data. How much is
this because organisations keep re-writing processes, and so never settle down to measure
them?

• Focusing on the collection and aggressive use of appropriate process data holds far more
benefit for an organisation than defining (again!) their processes.

In short, stop defining processes – measure and improve the ones you’ve already got!
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Managing Your Way through the Integration and Test Black Hole

Ellen George, EllenGeorge@SoftwareSixSigma.com
PS&J Software Six Sigma, www.SoftwareSixSigma.com

The Black Hole

How do you know how much effort to schedule for integration and test? Once in test, how do
you know how much longer it will take? How do you know when you have found all the defects
that you can find? When is integration and test really done? Often, integration and test is seen as
a black hole. The product enters the phase, but no one seems to know when it will come out.

In order to understand how to accurately estimate integration and test effort and to develop a
meaningful defect removal strategy, we need to first examine the relationships within the
development and test cycle relative to defect injection and removal.

Integration and Test Processes

For simplicity, the discussion in this paper is limited to software only. However, the concepts
can easily be extended to the systems engineering life cycle phases as well. In software, the
major software development life cycle phases are requirements, architecture, design and code,
ref. Figure 1, The Development and Test Cycle. In addition to creating product, these life cycle
phases represent the primary mechanism for injecting defects into the product. Conversely, the
major product validation life cycle phases are compilation, unit test, integration, and system test.
The purpose of these life cycle phases is not only to validate the product, but also to remove the
defects injected during development.

Design

Code

Unit Test

Compile

Architecture Integration

Requirements System Test

Product Creation
Defect Injection

Product Validation
Defect Removal

Figure 1 - Development and Test Phases
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Each of these defect removal phases can be paired with a corresponding product development
phase. The defect removal phases should be designed to find the unique category of defect
injected during the corresponding development phase. Compile is used to find the syntactical
defects injected during the coding phase. Unit Test is used to find the logic errors injected
during Design. Integration should be used to find and fix the interface defects injected during
Architecture, and finally, the purpose of System Test is to find Requirements defects.

Ultimately, the goals of integration and test are to:

• bring together the multiple pieces of a system

• find and fix defects that couldn’t be found earlier

• ensure that the requirements of the system are met

• deliver a product of predictable quality that meets the business’s quality objectives as well
as the customer’s quality expectations.

Estimating Integration and Test Effort

Many organizations estimate integration effort based solely on the number of test cases to be
executed (integration effort = number of test cases x average time to run a test case). The
problem with this method is that it misses the main cause of integration and test overruns …
defects!! A better technique for estimating integration effort is to base it on the expected number
of defects to be found in the product during integration and test plus the time it takes to run
through a clean execution of all the test cases. Thus, integration effort = (number of predicted
defects x average time to find and fix a defect) + (number of test cases x average time to run a
test case).

In order to use this technique, you need to a mechanism to estimate the expected number of
defects in the product and to determine the average cost of finding and fixing a defect during
integration and during system test.

There are only three types of measurements required to manage the integration and test
processes: effort, size and defects. “Effort” is the effort expended individually by each of the
testing participants to find and fix the defects found in test. “Size” is the size of the work
product being tested, often measured in lines of code (LOC). “Defects” is the quantity, type,
injection phase, removal phase, and description of the defect. Although a defect measurement
consists of several pieces of data, it is collected as a single measurement at a discrete point in
time.

Using these three measures, we have all the data we need to estimate the number of defects
expected to be found in integration and in test as well as the average cost to find and fix them.

Predicting Product Quality

Let’s assume that the data collected tells us that developers inject approximately 40 defects per
thousand lines of code (KLOC) in design and 60 defects per KLOC in code. Let’s also assume
that each defect removal step typically removes between 35% and 50% of the defects that are in
the product. Using these measures, we can begin to model the product quality as shown in Table
1, Quality Matrix. Note the values in Table 1 are all referenced to 1 KLOC of new and changed
code. These numbers are used for illustration only. Your own data may differ significantly.
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Phase Defects
Remaining

Defects
Injected

Defects
Present

Defect
Removal Yield

Defects
Removed

Cost/ Defect

Design 0.0 40 40.0 0% 0.0 5 min
Design
Inspection

40.0 0 40.0 50% 20.0 10 min

Code 20.0 60 80.0 0% 0.0 1 min
Compile 80.0 0 80.0 50% 30.0 1 min
Code
Inspection

50.0 0 50.0 50% 25.0 5 min

Unit Test 25.0 0 25.0 50% 12.5 12 min
Integration
Test

12.5 0 12.5 35% 4.4 5 hrs

System Test 8.1 0 8.13 35% 2.8 10 hrs
Customer 5.3

Table 1 Quality Matrix

To determine the average time to find and fix a defect in each of the defect removal phases, take
the total effort spent in the defect removal step and divide by the total number of defects found
in that phase. Assuming all defects that were found were also fixed, then the average time to
find and fix a defect in integration would be the sum of the time spent by all testers in
integration divided by the total number of defects found and fixed in integration. The same can
be done for system test. This data can be documented in the quality matrix in the column titled
“cost/defect”. Note, the time spent writing the test cases and the time spent doing the final clean
run through the test cases should be subtracted from the total integration or test effort before
doing the calculation.
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Clearly, the number of defects remaining in the product when it reaches integration will depend
on the quality of the developed product as well as the adequacy of the defect removal steps
leading up to integration. It is critically important for the developers and the testers to agree
upon and set goals for defect injection and removal phases at the start of the development effort.
These goals should be documented in a Quality Matrix. The effort estimate for integration and
test can then be calculated by multiplying the number of defects expected to be found in
integration and test by the average cost to find and fix a defect in those phases.

Quantitative Entry and Exit Criteria

What happens, however, if the quality of the product when delivered to integration does not
meet the plan as documented in the Quality Matrix? If more defects enter integration than
planned, then the estimated effort will not be adequate to complete integration and test.

Entry and exit criteria are used to “gate” the process. Before the product is allowed to exit a
phase, the number of defects removed should be compared to the goals as documented in the
Quality Matrix. A threshold can be set around the expected defect removal value. If the number
of defects found in-phase falls within the expected range, then the product is allowed to move
forward. If the number of defects found falls outside the expected range, then the product is
prevented from moving forward.

For example, using the plan in Table 1, we expect to find 20 defects in design inspection. We
can place a +/- 20% threshold around this value, resulting in an expectation of 16 to 24 defects
per KLOC found in design inspection. If the actual number of unique defects found falls within
these bounds, then the product moves forward to the coding phase. If the number of defects
found in design inspection exceeds the upper bound, then the inspection moderator stops the
product from moving forward and takes steps to determine if the inspection team did an
exceptionally good inspection, or if the product was buggier than expected. Similarly, if the
number of defects found in design inspection is less than expected, then the inspection
moderator needs to determine if the team did a poor inspection, or if the product was of
particularly high quality entering inspection.

One relatively quick mechanism for determining product and process quality can be made by
asking another developer to spend a few minutes reviewing the fixed product. If they can find a
defect in a short period of time, then the product is probably buggy. If the product is determined
to be buggy, then corrective action needs to be taken before the product exits the phase. If a
product that is known to be buggy is moved forward though the process, then each subsequent
phase will have to spend more effort than originally planned and budgeted to remove the extra
defects. When a product meets all of its phase exit criteria as it moves through the development
process, then there is a high probability that it will enter integration with the planned number of
defects waiting to be found.

Managing the Integration and Test Effort

Integration and test is managed by managing defects. The entry criteria into integration should
be used to prevent poor quality product from moving forward. Only product that meets the entry
criteria as specified in the Quality Matrix should be accepted. If product that is known to not
meet the entry criteria must be accepted, then additional cost and schedule needs to be
negotiated to adequately test the product. Once the product has been accepted and integration
has begun, several techniques can be used to manage the defects that are found. A brief
discussion will be provided on two such techniques, “Looking for Systemic Defects” and “Test
vs. Rewrite”
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Systemic Defects

As humans, we tend to be very repetitive in our actions. As a result, when we make a mistake
once, it is probable that we have made the same mistake elsewhere. This human characteristic
can be used to an advantage. Each time a defect that is found in integration and test, it should be
used as an opportunity to look for additional occurrences of the same defect elsewhere in the
product.

Each time a defect is found, a root cause analysis should be performed on the defect. When was
the defect injected? How was it allowed to leak into integration? Where else in the code might a
similar defect have been injected? By answering these questions and looking for additional
occurrences of the defect, the tester can maximize the number of defects found through a single
test failure. An automated search or targeted inspection can easily be used to search suspected
code for duplicate defects.

Test vs. Rewrite

Defects tend to cluster. Actual data that we collected over 1200 modules illustrates this point in
Figure 2, Defects Per Module. 70% of the defects were found in 20% of the modules. 50% of
the defects were found in 10% of the modules. This data suggests that if we can identify the
20% of the modules that are the buggiest and take corrective action, we might be able to
manage, or eliminate, 70% of the defects in the product.

Advertisement – Load test .NET web applications - Click on ad to reach advertiser web site
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Defects Per Module Pareto Analysis
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Defects Per Module Pareto Analysis
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Figure 2 Defects per Module

When a particularly buggy product is identified, appropriate corrective action could be to
remove the module from the integration build and re-inspect it for additional defects. If too
many defects continue to be found, then it might be more cost beneficial to rewrite it than to
continue testing it.

Example

Assume Project A uses the quality plan specified in Table 1. Module X is currently in
integration. Module X’s size is 1 KLOC. According to the quality plan, a total of 4 to 5 defects
are expected to be found in integration for a module of this size. 10% of the module’s
integration test cases have been run, and 3 defects have been found so far. We can assume that
since 10% of the test cases have been run, that the 3 defects found represent 10% of the defects
that will be found in integration. So, we calculate that Module X probably has a total of 30
defects that will be found in integration, compared to the plan of 4 to 5. As a tester, what should
you do about this module? Continue to test it? Or send it back to development to be re-written?
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Continue Testing

At 5 hours per defect, this module has already cost approximately 15 hours in integration. If we
continue testing to find the remaining 27 defects, at 5 hours apiece, they will likely cost a total
of 135 hours.

If we continue testing, then we can assume that:

• 30 defects will be found in integration

• we expected to find 35% of the total remaining defects in integration, so

• 86 defects entered integration (30 / 35% = 86)

• 56 defects will leak into system test (86 – 30 = 56)

• we expect to find 35% of the total remaining defects in system test, so

• 20 defects will be found in system test (56 x 35% = 20), and

• 35 defects will leak out to the customer (56 – 20 = 36).

The estimated cost of continued testing is 335 hours:

• 27 remaining defects x 5 hrs = 135 hours remaining in integration

• 20 defects x 10 hours = 200 hours remaining in system test

• 36 defects delivered to the production

Re-Write the Module

Assume a developer can design, code and unit test code at a rate of 20 LOC per hour. If the
quality of the product meets the entry criteria for integration, then there will be approximately 5
defects found in integration and 3 defects found in system test.

The estimated cost of re-writing the module is 105 hours:

1000 LOC x 20 LOC/hour = 50 hours to re-write the module

5 defects x 5 hours = 25 hours to integrate the module

3 defects x 10 hours = 30 hours to system test it

5 defects delivered to the production

In this example, throwing away the module and re-writing it would yield a net saving of 230
hours over continuing to test it.

Summary

In order to successfully manage integration and test, it must be planned and managed as an
integral part of the entire development lifecycle. The factor that most affects the effort required
to complete integration and test is the number of defects expected to be found in these phases.
This number comes as a direct result of the development process used to generate the code to be
tested.
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The key steps to a successful integration and test effort are:

• Collect basic measurement data: effort, size and defects. Use the data to create a Quality
Matrix to baseline the organization’s capability.

• Build a project specific quality plan based on the organizational Quality Matrix. Get
agreement on quantitative phase entry and exit criteria from both developers and testers
during project planning.

• Estimate time required for integration and test based on (number of expected defects) x
(average time to find and fix a defect)

• Ensure that both developers and testers agree to deviations from the quality plan. Deviations
from the plan should also result in negotiated adjustments to the budget and schedule.

• During integration and test execution, whenever a defect is found, use it as an opportunity to
find as many additional defects as possible. Since people tend to be repetitive in their
actions, it is very likely that the same defect will appear within the code in several more
locations.

• Use defect identified in integration and test to understand how the defect was injected and
how it was able to leak into the later life cycle phases before being found. Take corrective
action to either prevent the category of defect from being injected again in the future or to
contain it in the phase in which it was injected.

• When defect data on module indicates that it may be much buggier than planned, return the
module to development for corrective action. Use calculations based on productivity rate,
expected defects and time to find and fix a defect to determine the best course of action.
Consider either a re-inspection of the code or to possibly re-writing the code from scratch.
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A Decision Table Based Methodology
for the Analysis of Complex Conditional Actions

D. Robert Baker, drobertbaker@prodigy.net

Background: Decisions

A decision is a choice about a “course of action”. A course of action may include many
individual actions. A decision may be characterized on a continuum from unstructured to
structured (Simon 1960) [1].

Unstructured Decisions

Unstructured decisions are generally one-time propositions taken in emergent situations
(Holsapple and Whinston 1996) [2], i.e. the set of conditions are unique and there are no fixed
rules for the course of action to take based on the conditions. The possible courses of action
need not be finite. Making an unstructured decision is therefore heuristic. Automating such
decisions involves the use of Decision Support Systems, which attempt to obtain and organize
as much relevant information as possible for presentation to the decision maker. The decision
maker then applies whatever heuristics he considers appropriate to come up with a course of
action.

Structured Decisions

Structured decisions are predictable, i.e. given a particular set of conditions, the course of action
to be taken is clear and definable. The choice is which actions to take among a predefined, finite
collection of actions. Making a structured decision is therefore algorithmic. There are three
common methods of expressing these algorithms. Note that all three of these methods are
capable of dealing with multivariate, not merely binary conditions.

"If the flight is more than half full and costs more than $350
per seat, we serve free cocktails unless it is a domestic flight.
We charge for cocktails on all domestic flights ... that is, all
the ones where we serve cocktails. Cocktails are served on all
flights, domestic or not, that are more than half-full.”

Figure 1 - A typical natural language expression of a simple policy
for charging for in-flight services on charter flights

Structured English

Structured English is an attempt to allow the use of natural language, stripped of ambiguity, to
express actions to be taken under particular conditions. This is accomplished by:

• choosing a simple subset of natural language verbs and nouns, and

• defining constructs to express

• sequence

• selection

• and iteration
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If this stripping of ambiguity is sufficiently rigorous, the resulting definition defines an
executable programming language. This was the approach taken in the creation of the original
procedural computer language compilers in the 50s and 60s. These definitions were (and
remain) so complex that programmers required months and even years of training to acquire
competence in the syntax and semantics of the definition. This made it almost impossible to
combine knowledge of the business domain and technical proficiency in the programming
language in one individual.

Less rigorous non-executable Structured English definitions are known as pseudocode and are
used as analytical tools by analysts to create an intermediate specification. This specification is
passed to programmers who translate it into actual compiler-compliant code. This extra step
results in added expense both because of extra specialist personnel and because of the inevitable
miscommunications and errors involved in an intermediate translation.

Attempts were made in the 70s and 80s to create “natural computer languages” (e.g.
NATURAL, ENGLISH) with much looser syntactic and semantic restrictions. The hope was to
eliminate the intermediate step by empowering the compiler to successfully interpret the
“sloppy” natural language of the domain expert directly. These efforts met with limited success
and are rarely seen today.

IF SeatsOccupied > SeatsCapacity / 2
    THEN IF FlightType = “domestic”
                    THEN Actions =”serve cocktails” + “charge for cocktails”
                ELSE IF SeatCost > 350
                               THEN Actions =”serve cocktails”
                               ELSE Actions =”serve cocktails” + “charge for cocktails”
                           ENDIF
                ENDIF
    ELSE Actions = “”
ENDIF

Figure 2  A typical executable structured English expression of the policy in Figure 1
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Decision Trees

A decision tree is a graphic tool that represents conditions and their resulting actions.  It consists
of a directed acyclic graph (rooted tree) in which the non-terminal edges represent a set of
conditions evaluated sequentially from the root. A node is a decision point where a condition is
evaluated. The terminal edges (leaves) represent actions.

Decision trees are a useful tool for expressing complex decision variables in a format conducive
to human visualization. Software that directly manipulates decision trees is available (Oblique
Classifier 1, TreePlan), but tends to be limited to highly technical scientific specialties like
astronomy or DNA sequence analysis and requires a high degree of technical sophistication to
use.

charged cocktails

>$350/seat

<=$350/seat
charged cocktails

free cocktails

non-
domestic
flight

domestic
flight

no cocktails

> ½ full

<= ½ full

Figure 3  A typical decision tree of the policy in Figure 1
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Decision Tables

A decision table is a two-dimensional matrix with one row for each possible action and one row
for each relevant condition and one column for each combination of condition states. A decision
table can very concisely and rigorously show complex conditions and their resulting actions
while remaining comprehensible to a human reader.

The first set of rows indicates the possible actions that may be taken. An “X” in an action row
shows that the action will be taken under the condition states indicated in the column below.

In a bivariate decision table, conditions are binary, restricting condition evaluations to “yes” and
“no”.  This results in a number of columns equal to 2 number of conditions. This can quickly result in a
huge number of columns as the number of conditions rise. Fortunately, it is unusual that every
combination of conditions results in a different action.

In Figure 4, the use of the “-“, or “don’t care” notation is illustrated.  This means that the
condition in that row does not affect the action to be taken. Looking at the first column, we see
that no action will be taken no matter the state of the last two conditions as long as the first
condition is false. Each “don’t care” reduces the number of columns necessary and increases the
comprehensibility of the table. In this example the 23 = 8 possible combinations are reduced to
4.

The most common tool for the creation of decision tables is spreadsheet software, such as
Microsoft Excel. Although this is really quite sophisticated software, it is cheap, readily
available, and has a large base of trained users.  Because of the ubiquity and sophistication of
this software, it is quite easy to create additional software that can read decision tables created
in the spreadsheet, understand the semantics therein contained, and take action to implement the
logic expressed in the table.

Such simple software finally allows the removal of the “3rd man” in the analysis-synthesis
process, allowing an analyst or even a logic-savvy policy expert alone to directly create
executable code to implement policy.

ACTIONS:
Serve cocktails X X X
Charge for cocktails X X
CONDITIONS:
SeatsOccupied > SeatsCapacity / 2 n y y y
FlightType = "domestic" - n n y
SeatCost > 350 - n y -

Figure 4  A typical bivariate decision table of the policy in Figure 1
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Taking Action: Decision Table Methods for Describing Policy

Given that we have:

• a method of expressing policy that is

• concise,

• comprehensive,

• rigorous, and

• easy to use and understand, and

• a mechanism for machine translation directly from this expression to executable code that
implements the policy,

How do we get from the messy real world of policy to a nice, neat, unambiguous decision table
in a spreadsheet ready for machine translation?

Step 1: Determine Policy Scope

A project without a predefined scope is subject to peril in the forms of:

• Scope creep Project goals will naturally expand without anything to constrain them.
Because of human nature and project politics, more and more desired results will find their
way under the project umbrella.

• Lack of definition of project completion criteria To meet project completion schedules
and budget goals, it must be possible to objectively determine whether and when the project
is finished. This is only possible if all parties clearly understand beforehand the project
completion criteria. Without a clear predefined scope, an objective evaluation of project
completion cannot be accomplished.

It is often difficult to define terms for project scope that are unambiguous and easily
determinable to meet the needs of all parties. The use of decision tables makes this a very
straightforward task.

The scope of a policy project is determined by delineating all the policy that to be implemented.
In decision table terms, policy implementation is expressed by actions. The project itself
consists of determining and expressing the conditions under which these actions will be taken.

The scope of a decision table-based policy project is determined by enumerating all the actions
that may possibly be taken. Such an enumeration is simple, unambiguous and clearly
defines the boundaries of the project beyond argument.

Implement policy that determines under
what conditions to:
Serve cocktails
Charge for cocktails

Figure 5  A typical statement of scope for  the policy expressed in Figure 1
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Step 2: Determine Policy Authority

What are our policies, anyway? Where do we find them? Are they all written in point form in a
big book somewhere? Is there one person in an office somewhere who knows them all and can
explain them on demand? Probably not. In most organizations, the sum total of policy is known
and maintained by an intricate network of documentation and subject matter experts. It’s rare to
find a single source. Additionally, personnel come and go. Expertise is gained and lost.
Documentation is constantly in a state of flux. New policy is added and old policy is phased out.
There is usually a lag time in the maintenance of the corresponding documentation, often with
documentation in different locations being updated at different times, if ever.

A definitive authority must be established for each area of policy of interest. This authority
may be:

• A statement of policy Simple, straightforward policy may be interpreted directly without
the aid of an subject matter expert. It must not be possible to debate the interpretation of the
policy. There must not be different versions of the policy available. If there are different
versions, either in different locations or from different points in time, one must be
designated as the authority or a definitive version created from the variants.

• A subject matter expert If the policy has any ambiguity or is at all subject to interpretation,
it is necessary to designate someone as the authority. This authority must have the power to
speak for the organization as to the definitive interpretation of the policy.

• A group of subject matter experts Commonly, policy crosses boundaries of intra-
organizational expertise. It may be necessary to designate a committee with empowered
representatives from each area concerned with the policy to represent their areas’ interests in
the interpretation of the policy. The committee may debate policy issues as they see fit. As
in the case of a single subject matter expert, the committee’s final conclusion must have the
authority to make the definitive interpretation of the policy.

The more complex, indefinite, and ambiguous the policy, the more important it is to have
properly constituted authority designated to interpret, and if necessary, more rigorously define
it. Someone must have the final word.

Fuzzy logic in policy can be dealt with in decision tables as easily as in any other
implementation. This is not to be confused with “fuzzy policy”, which needs to be clarified by
the appropriate authority before any implementation is possible.

“Of course, the idea that things must be either true or false is in
many cases nonsense. Is the statement My child is good
completely true or completely false? Probably neither. How about
I am rich? This can be true (Donald Trump) or false (Skid Row),
but how about most of us? Or she is beautiful? The idea of
gradations of truth is familiar to every one.
Fuzzy logic offers a better way of representing reality. In fuzzy
logic, a statement is true to various degrees, ranging from
completely true through half-truth to completely false.” (Siler)3

Figure 6  A note on fuzzy logic
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Step 3: Partition Policy

Policy should generally be partitioned in the interests of analytical efficiency. Different
groups of analysts and subject matter experts can pursue work in different partitions in parallel.
Bases for policy partitioning include:

• The separate actions identified in Step 1 This is the simplest basis for partitioning but may
result in too many partitions to be efficient.

• The subject matter areas identified in Step 2 This is the most natural basis for policy
partitioning. A subject matter expert group will naturally have jurisdiction over areas of
policy related by their expertise. Partitioning in this way allows the analyst to work with one
group on a larger section of related policy as a unit.

• Organizational divisions Policy may be neatly divided along organizational lines or it may
be completely orthogonal. If there is a strong correspondence between natural policy areas
and organizational areas, it may be more efficient to partition policy based on these work
areas. Interdepartmental political issues can thus be avoided and access to policy experts
localized.

A. Serve cocktails
B. Charge for cocktails

Figure 7  A simple partitioning of the policy scope of Figure 5

Step 4: Elicit Conditions Associated with Actions and Policy Logic

With a firm scope (list of actions to be implemented) and the authorities to definitively interpret
policy, the next step is to elicit from these authorities the conditions which affect the actions and
the logic used to determine the actions given the conditions. What form does this specification
take? Asking subject matter experts at this point in the process to produce completed decision
tables for the actions in their jurisdictions would be placing unnecessary expectations of
sophistication upon them. In addition, it is desirable to collate interim results from all policy
areas to gain efficiencies over the entire project.

At this stage, we need to gather two things for each of our partitions from our subject area
authorities:

• A list of questions to ask to determine what action to take We want to know which data
determines which action to take. Policy experts do not generally think in terms of data.
Experience shows that the use of a question format tends to elicit more concise and useful
responses from subject matter experts than inquiries after “input data”.

Subject matter experts should be asked “What questions would you need answered in order to
decide on a course of action?”. The source of the answers is unimportant. The answers to these
questions may come from users, internal tables, instruments, or even distant databases. We are
really looking for the data on which actions depend.
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For each question (datum) elicited, we need the following metadata:
• the type of answers that could be used to respond to the question The analyst needs to

determine the logical type of all answers that may be given in response to each question. i.e.
String, Integer, Enumerated, etc, so that variables may later be set up to contain this
information for use of the logic in determining the proper action.

• the range of answers that could be used to respond to the question The analyst needs to
determine all the acceptable answers that may be given in response to each question. i.e. 5
characters, -16.14 to +24.05, one of {brown, black, blue}, etc, so that unacceptable answers
can be rejected or ignored and so that we can be sure that some action will be taken for all
combinations of acceptable answers.

• a default answer that will be used to populate the answer variable should an acceptable
answer not be forthcoming Whether a user refuses to answer or a data connection is
offline, a good implementation of policy will still yield some decision even if it’s “No
decision is possible because...”.  To accomplish this, some data must be used to feed the
logic. It is better to have the subject matter expert ponder and decide on this than it is to
have the analyst make something up.

• any dependencies in the order of questions asked e.g. Do the types, ranges, or default
answers of any of the questions depend on the answers to other questions? Is the very asking
of a question conditional on the answers to other questions? Note that a question may
depend on the answers to many other questions and that many questions may depend on the
answer to one question.

The question format shows its value here. It makes it clear to the subject matter experts that
actions are based on specific pieces of information and helps them to isolate these data.

# Needed questions Answer
type

Answer
range

Answer
default

D
ep

en
de

nc
ie

s

A1 What percentage of seats on the flight are
occupied?

Integer 0 - 100 1

Approved by _________________________   Date ___________

# Needed questions Answer
type

Answer
range

Answer
default

D
ep

en
de

nc
ie

s

B1 What is the seating capacity of the flight? Integer 1 - 540 1
B2 How many seats are occupied on the

flight?
Integer 0 - 540 seating

capacity
of flight

B1

B3 What type of flight is the flight? Enumerated {domestic,
international}

domestic

B4 What is the cost of a seat on the flight? Real 0.00 - 9999.99 0.00
Approved by _________________________   Date ___________

Figure 8  Annotated question list for Partition A and Partition B from Figure 7.
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Note: subject matter experts have chosen default values to minimize the chances of serving free
drinks should some information not be available!
Note: the default value for question B2 is dependent on the answer to question B1. This implies
an order dependency of questions. This dependency must be kept track of for future reference.
Note: policy authorities must sign off on these analyses before proceeding.

A description of the logic used to decide on the actions based on the input data (answers
given to the questions) The form of this logic is open. The best method of presentation is that
which is at the same time:

• most comfortable to the subject matter expert,

• unambiguous, and

• comprehensible to both the analyst and the subject matter expert.

The policy logic may be delivered in any form that meets these criteria, including those used in
Figures 1, 2, 3, 4, or 9. The analyst must show his skill and creativity here in communicating
with the subject matter experts to elicit, organize, and present this logic.

The analyst must ensure that:

• all questions are assigned types, ranges, and default values,

• the answers to all questions are used in the process of arriving at an action,

• no action depends on answers to questions not present,

Having gathered this information, the analyst must:

• organize it in a tabular format (See Figure 8),

• fill in any remaining blanks,

• represent and explain its meaning to the subject matter experts, and

• restate the associated policy logic to the subject matter experts for verification (See Figure
9).

These authorities then must either sign off this representation of the policy area as correct and
authorized or make such changes as necessary to complete this signoff.

SERVE COCKTAILS action taken when:
> 50% of seats on flight occupied

CHARGE FOR COCKTAILS action taken when:
domestic flight

OR
non-domestic flight

AND
seats occupied > ½ seat capacity AND

seat cost <= $350

Figure 9  Still another method of expressing policy logic
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Step 5: Collate Question Lists across Partitions

Having analyzed the data from each policy area as partitioned, it is necessary to collate this data
into a master set.

This consists of:

• Master Question Set The Master Question Set is the union of all the separate question sets.
All the separate question lists must be collated into one large list containing all the questions
from all the smaller lists. Care must be taken with the intersections of these smaller sets.
Guidelines for collation:

• Changes may be necessary to question wordings, types, ranges, or defaults to make them
consistent across partitions.

• Some questions may have to be split or merged (see Figure 10).

• Two or more of these lists may contain synonymous questions i.e. questions that express the
same thing, but use different terms, words, or expressions.

• Beware also of homonyms i.e. questions on two or more lists that appear to be the same, but
in fact represent different data.

• It is also necessary to amalgamate the question dependencies noted in Step 4 to keep track of
any necessary ordering in the data gathering during the actual decision evaluation process.

• Lastly, it is necessary to show for each question the partitions that originally used that
question.

• This allows:

• tracking of the effect of future question changes on policy partitions during maintenance,

• repartitioning of the policy area if desired, and

• prioritization of the questions within the question set based on usage across policy areas
should it become necessary to limit or restrict the question set for any reason. If this is an
issue, a more sophisticated priority ranking system than just marking an ‘X’ may be used,
e.g. 1 – most important, 2 – 2nd most important, etc.

# Needed questions Answer
type

Answer
range

Answer
default

D
ep

en
de

nc
ie

s
Pa

rt
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on
 A

Pa
rt
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on

 B

1 What is the seating capacity of the flight? Integer 1 - 540 1 X X
2 How many seats are occupied on the flight? Integer 0 - 540 seating

capacity
of flight

1 X X

3 What type of flight is the flight? Enumerated {domestic,
international}

domestic X

4 What is the cost of a seat on the flight? Real 0.00 - 9999.99 0.00 X

Figure 10  merged Master Question Set for the question lists of Figure 8.
Individual questions are merged, question dependencies are added,

and partitions where the questions are used are added.
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Note: the first and only question of Partition A has been determined to be identical to the
first two questions of Partition B. The second expression has been chosen as more
appropriate for use i.e. more granular, and inclusive of the first.

It is of prime importance in this process to maintain the semantics and intent of the
original questions as approved by the individual subject area authorities. If significant,
dubious, or confusing changes have been made during the amalgamation, it is wise to
reaffirm approvals from the subject matter authorities.

• Question Dependency Chart The analyst may find it desirable for purposes of visualization
or presentation to summarize the amalgamated question dependency information from all
the smaller question lists in a directed acyclic graph as shown in Figure 11. Again, a
question may depend on the answers to many other questions and many questions may
depend on the answer to one question. There better not be any loops!

1

2

Figure 11 Question Dependency Chart for the Master Question Set of Figure 10

Step 6: Create the Data Dictionary

Creation of a data dictionary of variables for use by the decision evaluation software is now a
simple matter.

• Create a variable name to hold the data solicited by each question Choose a term that is:

• indicative of the meaning of the data value held

• consistent with any coding standards preexistent in the policy area

• consistent with the coding standards of the decision table language

• Indicate a data source for each variable (question) Use a code to indicate where this data
will come from. It could be solicited from a user, from any of a variety of databases, or from
another source.

• Order the questions according to the question dependencies Ensure that questions that
depend on the answers to other questions are asked after the questions they depend on. This
information may even determine if the question is asked at all.
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# Variable Source Question Presentation
Specification

Answer
type

Answer
range

Answer
default

D
ep

en
de

nc
ie

s
Pa

rt
iti

on
 A

Pa
rt

iti
on

 B

1 FlightNo user What is the flight number? String 5 characters ‘00000’ X X
2 SeatsCapacity database SELECT SeatsCapacity

FROM Flights WHERE
FlightNo = FlightNo

Integer 1 - 540 1 1 X X

3 SeatsOccupied user How many seats are
occupied on the flight?

Integer 0 - 540 seating
capacity
of flight

2 X X

4 FlightType database SELECT FlightType
FROM Flights WHERE
FlightNo = FlightNo

Enumerated {domestic,
international}

domestic 1 X

5 SeatCost database SELECT SeatCost
FROM Flights WHERE
FlightNo = FlightNo

Real 0.00 - 9999.99 0.00 1 X

Figure 12  Data Dictionary for the Master Question Set of Figure 10.
Example data sources are split between user input and SQL database access.

Note: An extra row (question) has been added to the Data Dictionary in order to reduce user
input by allowing database access for the other pieces of data.

• Adjust the question to match the data source Given that the data may come from any of a
variety of sources, the question itself now becomes a question presentation specification i.e.
What is actually asked of the information source to elicit the answer data? Some examples:

• user text – If the data is solicited from a user via text entry, the question presentation
specification represents the text that will be presented to the user to solicit the answer
data.

• It may be useful to add some explanatory text to the actual question to help the user
fully understand the question. For example, instead of merely asking “How many
seats are occupied on the flight?”, it may be more desirable to explain further “How
many seats are occupied on the flight? This only includes paying passengers, not
complimentary, promotional, crew or jump seats.”

• Also note that it is possible to have multiple specifications e.g. in a system designed
for a multilingual environment, there would be a separate question presentation
specification for each language in which the question would be asked.

• audio - If the data is solicited from a voice response system, the question presentation
specification represents the audio file (or code necessary to play such a file) that will be
played to the user to solicit the data. Here again, multiple specifications could be created
to deal with a multilingual environment.

• database - If the data is solicited from a database, the question presentation specification
represents the query (e.g. SQL) sent to the DBMS to solicit the data.
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Step 7: Create the Decision Tables

The actual creation of executable decision tables is highly dependent on the software that reads,
interprets, and executes them. To explain this process, it would be necessary to expound the
syntax and semantics of that executing software. This of course, would vary with that software
and is beyond the scope of this paper, which is limited to the requirements gathering and
analysis phase of the overall process.

Conclusion: A Quick, Easy, Rigorous, and Repeatable Methodology

Decision table theory has been available since the dawn of the computing era. It has features
that take advantage of human styles of perception and cognition and yet maintain rigor and
conciseness. Serious attempts to automate direct machine execution of these decision tables in a
non-scientific environment have been limited by

• paradigmatic emphasis being placed on other models

• lack of widely available, inexpensive spreadsheet software with a large trained user base

• lack of inexpensive and efficient decision table executing software

An analysis methodology has been presented which is structured and repeatable. Policy of
interest is located, partitioned, clarified, and owned. All the information (data and logic)
necessary to convert this data into an executable format is gathered, fleshed out, formatted, and
approved.

At this point, given reliable decision table execution software, the entry of this data into
executable decision tables should be a straightforward task not requiring the intervention of a
skilled programmer with the subsequent delays and errors inherent in that extra step.
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Sarbanes-Oxley doesn’t concern IT – right? Your CFO thinks it
does. Your CIO knows it does. Enterprise software configuration
management is a recommended solution to enforce and automate
process methodologies such as COBIT, measure the results of
improved processes and provide fully automated audit trails.
Free white paper: “Sarbanes-Oxley, IT Governance and Enterprise
Change Management”

http://www.mks.com/go/mtseptitgovernance

Role Interaction Modeling. In the past the intial point of
process definition has been the UML Use Case however this method
lacks the underlying rigour and mechanics to be processed by
software developers without further analysis. Using the Role
Interaction Modeling package this intermediate analysis step can
be significantly reduced. Visit our site for more details.

http://www.jagsoftware.biz

JAVAPOLIS 2004 - 13-17 December. Join us from December 13-17 at
JavaPolis 2004 in Antwerp / Belgium for the biggest Java
gathering of Europe. JavaPolis welcomes only the best! The best
international speakers (J2ME, J2SE, J2EE, Open Source, Security,
Methodology, Messaging), the most inspiring cases and of course
the market leaders in Java & J2EE. Last year more than 950
people attended JavaPolis. Don't stay behind and join us for the
biggest java conference of Europe. Program preview, Info &
Registration:

http://wiki.javapolis.com

Flexible, web based bug and issue tracking! Woodpecker IT is a
completely web-based request, issue and bug tracking tool. You
can use it for performing request, version or bug management.
Its main function is recording and tracking issues, within a
freely defined workflow. Woodpecker IT helps you in increasing
your efficiency, lower your costs, integrate your customers and
improve the quality of your products.

www.woodpecker-it.com/en/

Load test ASP, ASP.NET web sites and XML web services. Load test
ASP, ASP.NET web sites and XML web services with the Advanced
.NET Testing System from Red Gate Software (ANTS). Simulate
multiple users using your web application so that you know your
site works as it should. Prices start from $495.
ANTS Profiler a code profiler giving line level timings for .NET
is also now available. Price $295.

www.red-gate.com/dotnet/summary.htm
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AdminiTrack offers an effective web-based issue and defect
tracking application designed specifically for professional
software development teams. See how well AdminiTrack meets your
team's issue and defect tracking needs by signing up for a risk
free 30-day trial.

www.adminitrack.com

Agile Special Interest Group Conferences
Manchester Agile Special Interest Group 13 October 2004
London Agile Special Interest Group 14 October 2004
Edinburgh Agile Special Interest Group 19 October 2004
Paris Agile Special Interest Group November 2004
Helsinki Agile Special Interest Group November 2004

http://www.agileallianceeurope.org

The XP Day Benelux, Mechelen, Belgium, 19 November 2004. A one
day conference about all aspects of agile software development
methods like Extreme Programming, DSDM, Scrum, Feature-driven
development, and Crystal. XP Day Benelux will provide a good
opportunity for exchanging ideas and sharing experiences, and is
suited for both experienced participants and beginners in Agile
Software Development. The focus of this conference is on
practical knowledge, real-world experience and active
participation of all attendees.

www.xpday.be

Advertising for a new Web development tool? Looking to recruit
software developers? Promoting a conference or a book?
Organizing software development training? This space is waiting
for you at the price of US $ 30 each line. Reach more than
33'000 web-savvy software developers and project managers
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Without counting the 1000s that download the issue each month
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go to
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