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Where Goes the Money You Pay For Software?

An article in this issue deals with Open Source (OS) software and its usage in enterprises. For
many developers, an OS project means the opportunity to create interesting software. For the
majority of organisations, OS software means free software and could be just a solution to
reduce the IT budget. So why do companies not adopt massively OS software? Besides the fact
that OS software could not be suited for every usage, the main barrier seems to be the lack of
support, even if a past Methods & Tools poll indicated that the perceived quality was superior
for open source software than commercial software. As a matter of fact, providing support for
OS software is the business model of companies like Red Hat. With this situation, you can think
that the price of software is what you pay to get support, perhaps with a little bit of money for
other operating expenses and product development.

If you look at the profit and loss statements of software vendors, you see get a different financial
image of the industry. First, you do not see any "support" item among the expenses.
Administrative expenses are around 10% of revenues, product development 30% and sales &
marketing at least 40%. Nothing to do with support here. So this item should be included in the
line "cost of license fees" which is often less than 10% of revenues. Basically, more than 50% of
the money you spend goes to items (administration and sales) that are not directly relevant for
the quality of the software. Does this mean that OS software will lead to the end of the software
industry as we know it? I don't think so, but it will be harder in the future to justify spending
budget in the software development infrastructure market (relational databases, programming
languages and environments, web servers) for small and medium-size applications. Many
vendors already offer free entry-level versions of their products. It will also be interesting to
observe in future years the evolution of competing solutions from commercial and OS sides, like
Coldfusion and PHP for instance. As a vendor, if you can provide unique solutions or explore
new technologies, you will be able to prosper. It will be otherwise difficult to compete against
solutions that use an open source model, furthermore as the offer for "support-only" contracts
will grow in future years. As a buyer, if you spend a lot of money in domains well-covered by
OS software, maybe you could check if it wouldn't be better to invest internally in open source
software products and knowledge instead of feeding the marketing department of your vendor.
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Improving Application Quality Using Test-Driven Development (TDD)

Craig Murphy, mt@craigmurphy.com,
http://www.craigmurphy.com

What is the one activity or phase that improves the quality of your application? The answer is an
easy on: Testing, and plenty of it.

But when do we traditionally perform testing? If you are following a “waterfall” style approach
to software development, it’s very likely that you have a testing phase somewhere towards the
expected end of the project. This is peculiar, because we all know that at this stage in a software
development project, the cost of any code or requirement changes is known to be much higher.
Figure 1 presents us with the five major phases of the waterfall approach. I have superimposed
Barry Boehm’s “Cost of Change”[1] curve onto Figure 1.

Figure 1: Traditional “Cost of Change” curve with the waterfall model superimposed

Clearly, if we can move the testing phase further to the left we might stand a chance of reducing
costs whilst enjoying the natural effect of a longer testing period. TDD helps us achieve this by
embracing agile techniques that sport iterative or incremental development. Instead of
performing the five waterfall stages noted in Figure 1 (typically horizontally, left to right, i.e.
requirements gathering then analysis & design, etc), we perform the stages vertically, bottom
up, i.e. perform a little of each stage until we are complete.

By embracing iterative development, TDD allows us to be much more flexible towards our
client’s ever-changing requirements. Instead of being in the position where we had spent a lot of
waterfall time developing a product or feature, where the cost of change is very high, we find
ourselves in the enviable position whereby we can demonstrate parts of the product or feature
much earlier. By demonstrating features earlier, the cost of the inevitable changes is much
lower. Of course, knowing about requirement changes earlier in the process mean that important
architectural decisions (i.e. those that make requirement changes much harder to implement)
have yet to be made or are at least in their infancy and are not the brick wall they might be.

Over the course of this article I will demonstrate how TDD can improve your application’s
quality by introducing testing much earlier into the process. Additionally, I hope that the agile
world’s tenet of flexibility and acceptance that client’s will change their mind during the course
of a project, will become clear. By maintaining a suite of tests that are both repeatable and
automated, we can enjoy the luxury of being able to make sweeping changes to our code with

http://www.craigmurphy.com/


Development

Methods & Tools * Spring 2005 * Page 3

the knowledge that any deviations and bugs will be picked up by re-running the test suite.

What is TDD?

TDD is radical process that promotes the notion of writing test cases that then dictate or drive
the further development of a class or piece of code. This is often referred to as “writing tests
first”. Indeed, I will refer to the phrase “writing tests first” as one of TDD’s primary principles.

Whilst I refer to TDD as a “process”, followers of Agile communities including XPers (eXtreme
Programming), will know TDD as an integral “core” practice. Appreciating that many of the
XP-oriented books push TDD as a primary part of their content, we are lucky enough to be able
to adopt TDD as a process that can be “bolted” on to our existing software development process,
regardless of whether it is Agile, waterfall, or a mix of the two. There may well be entrenched
differences in the semantics of the words practice and process. I believe that TDD in an
Agile/XP environment, perhaps were Scrum is practiced, TDD can also be practiced. However,
outside of a strictly Agile environment, TDD is a sub-process that becomes part of the
development process.

TDD is radical because traditionally developers either test their own code, or they have a testing
group that undertakes this task. Sadly developers who test their own code are to close to the
problem and the solution; they have a personal ego investment that has to be looked after. Thus
developers rarely perform as much testing as we would like.

Advertisement – Top Team Tracking Tools - Click on ad to reach advertiser web site
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In fact, the first time a developer tests his/her code, it’s likely to be heavily tested. However, the
second time a developer is asked/expected to test the same piece of code/functionality, testing
will not be as involved. By the time they are asked to test a third and fourth time, boredom sets
in and the quality and coverage of testing reduces considerable. As a developer myself, I know
this has happened to me and an informal poll of my colleagues in the community revealed
similar results.

If you are building a product using the C# language, typically TDD suggests that you’ll write
and maintain a set of tests also written in C#. Ideally the tests will exercise all of your
production code. One of the TDD catch phrases is: “no code goes into production without
associated tests”. That is a fairly tall order, however if you are able to achieve it you will be able
realise high quality code, with any bugs being caught before they are shipped.

If you have been reading Martin Fowler’s works about refactoring, TDD lends itself to the
refactoring process. After all, refactoring is about changing a class/method’s internal design
without affecting the external behaviour. What better way to ensure your refactoring hasn’t
broken anything than with a solid, reusable set of test cases? I know that I’m not alone – we’ve
all written some code, tested it, then re-written it (or “improved” it!) only to find that the re-
write introduces problems elsewhere in the application.

TDD is a different mind-set. It is the ‘tests’ that ‘drive’ the ‘development’, not the other way
around. By writing a test case for a scenario, your test either dictates your implementation or
gives you some good pointers. It might not be the ideal implementation, but that’s part of the
TDD process – small, fine-grained steps lead to increased developer confidence which results in
larger steps downstream.

Removing The Boredom Of Testing

Notice that I used the phrase: “writing tests first”. If we are to remove the boredom of the testing
process, we need to codify the tests that we would perform. By writing test cases, typically in
the programming language that the application or class under test is written using, we are
essentially automating the test process.

Automating the process is the key. If we can make the tests easy to perform once, twice, three
and four times, ideally at the click of a button, developers will be happy to run the tests
frequently. Of course, each time we run the tests, we are performing the same tests, over and
over again, the tests are said to be repeatable.

Repeatable testing is also a major benefit. Were a developer performs manual testing, we know
from experience that they test less each time. Similarly, when asked to perform a particular test,
unless there is a very precise test script available, the chances are that a human-driven non-
trivial test will be performed identically each and every time.

TDD Frameworks and Tools

TDD has origins in the Java and Smalltalk camps. Originally there was a tool by the name of
SUnit (for Smalltalk). That was followed closely by a tool called JUnit (for Java). Since then,
the term ‘xUnit framework’ has been used to represent language agnostic versions of the same
tool. The xUnit framework has been ported to many different platforms and languages.

NUnit is a .NET implementation of an xUnit tool or framework that works with C# and Visual
Basic.NET amongst others.  Outside of the Microsoft IDEs, Borland’s Delphi has its own xUnit
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testing framework called DUnit.  Given the uptake of Microsoft .NET, over the course of this
article I will demonstrate NUnit using a C# example.

Prerequisites

I will assume that you have downloaded and installed NUnit (available from
http://www.nunit.org) and that you have a C# IDE installed (e.g. Microsoft Visual Studio 2003,
Delphi 2005 or C#Builder). I am using Microsoft Visual Studio 2003, if you are using a
different environment the screenshots will vary.

Getting Started

I will assume that you have created a new, blank, C# Windows Application, as shown in Figure
2.

Figure 2: Creating a new Windows Application using Visual Studio 2003

I mentioned earlier that TDD expects us to write test cases before we write any code. Therefore,
instead of attempting to dive into the detail of developing a full-blown application, we will
concentrate on developing a test case that will dictate how we might implement a small piece of
functionality. This leads us to another TDD principle, borrowed from the eXtreme Programming
world: do the simplest thing that could possibly work.

Writing a test case necessitates the use of the NUnit framework, so we must add a reference
(using the menu Project, Add Reference) to the nunit.framework assembly as shown in Figure 3.
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Figure 3: Adding a reference to the nunit.framework assembly

If you recall the first TDD principle that I mentioned, write tests first, that is our next step: we
will create a new class that will act as a holder for one or more tests. The simple application that
we will develop over the remainder of this article will be a simple magazine indexer. A
magazine index comprises of zero or more magazines, a magazine comprises of zero or more
articles.

In a production application, the architecture might end up being somewhat complex, possibly
involving web access, multiple tiers, expensive databases and a lengthy development timeframe.
Our example will be less complex and will be demonstrable in a very short space of time, albeit
it will be bound by the fact that we are doing the simplest thing that could work.

So, the simplest thing that could work is a test case that assumes code has been written to handle
our magazine indexing needs. Listing 1 presents us with the code required to create a new
magazine index, add a magazine, and then check that the magazine index was created correctly.
Of course, we have not written the class MagazineIndex yet, so you would be right to think that
the compiler is going to complain!

Indeed, this is another TDD principle: let the compiler tell you when something is wrong.
Compiler time is cheap; we can afford to let the compiler find our mistakes for us. For the sake
of this demonstration, I have not worried about how an instance of MagazineIndex is actually
created (there is a reason for this as we will see shortly).

namespace WinApp
{
 using System;
using NUnit.Framework;
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[TestFixture]
public class TestMagazine
{

[Test]
public void CheckNew()
{

MagazineIndex cbtMagazineIndex;

cbtMagazineIndex = null;
Assert.IsNotNull(cbtMagazineIndex, "cbtMagazine is null!");

}
}

}

Listing 1: Writing Tests First, doing the simplest thing that could possibly work

Anatomy of Listing 1

Listing 1 demonstrates a number of the NUnit framework features: I have highlighted these in
bold.

Firstly, we must add a reference to the NUnit Framework assembly: this gives us access to a
number of attributes, such as [TestFixture] and [Test] as well as the Assert class. The Assert
class is rather powerful and forms the basis of NUnit testing framework.

Advertisement - Beyond Requirements Management - Click on ad to reach advertiser web site
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Secondly, we must use the NUnit attribute [TestFixture] to indicate that the following class, in
this case TestMagazine, will contain test cases that NUnit should be aware of (there will be
more about precisely how NUnit achieves this later in this article).

Thirdly, we must provide a method, the name of which does not matter, that is prefixed with the
[Test] attribute. Methods such as these should perform a small test that uses the NUnit Assert
class to indicate success or failure. The Assert class provides us with a number of methods that
can be used to determine whether a test passes or fails. These are: AreEqual, AreSame, Fail,
Ignore, IsFalse, IsNotNull, IsNull, IsTrue and ReferenceEquals. As you can see from Listing 1, I
have used the IsNotNull method to confirm that the creation of cbtMagazineIndex took place
without failure.

However, it is important to note that listing 1 does not actually compile. The first line of the
CheckNew() method attempts to declare cbtMagazineIndex (cbt standing for class being tested)
as an instance of the class MagazineIndex. Clearly, we have not mentioned MagazineIndex yet,
hence the compiler will complain. Luckily, using the compiler helps us and it is one of TDD’s
primary facets.

Use the compiler…

By examining the CheckNew() test from Listing 1, we can see that this [Test] requires a
MagazineIndex class. What is the simplest thing we could do to get this line though the
compiler? Well, we could simply declare an empty class, which would get us to the point where
Listing 1 will compile.

namespace WinApp
{

public class MagazineIndex
{
}

}

Listing 2: Empty classes can solve problems

Now that Listing 1 compiles, we know it does not do very much, what is next? Listing 1
contains a single NUnit [Test], we can use .NET’s reflection capabilities to examine assemblies
(.exe or .dll) for [TestFixture] classes and [Test] methods within those classes. Indeed, NUnit is
supplied with a tool that does just this; it is called NUnit-GUI.

Test Visualisation

TDD aficionados use the phrase “red/green/refactor” when practicing TDD.  The colours relate
to the success or failure of tests – a test that fails is considered red, and a test that passes is
green. To help us manage our tests, most xUnit frameworks are supplied with a ‘test runner’
application. NUnit is no exception – if you look in C:\Program Files\NUnit 2.2\bin\ you should
find nunit-gui.exe. NUnit GUI is a graphical front-end that takes a standard .NET PE format
assembly, interrogates it, then allows us to run any tests contained in the assembly.

I’ll assume that you have double clicked on nunit-gui.exe and that it is running. Using Explorer
(or your favourite file system navigation tool), locate the .exe that Visual Studio 2003 created
(mine is in the Example\bin\Debug directory), then drag the .exe onto the NUnit-GUI window.
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There is a ‘Run’ button – click on this button. Figure 4 should look familiar – this is what is
known as the infamous ‘red bar’ whose partner and opposite in TDD world is the ‘green bar’.

Figure 4: NUnit’s GUI front-end

Taking a closer look at Figure 4 and we can see that the NUnit-GUI application has interrogated
our WinApp.exe extracting the [TestFixture] TestMagazine and the [Test] CheckNew on the
way. When the NUnit-GUI application then ran the tests, it was able to provide us with a list of
Errors and Failures on the tab of the same name. Better than that, the failure message that we
included in the test appears here to.

Getting the test to pass is the simple matter of creating an instance of MagazineIndex as shown
in Listing 3.

[Test]
public void CheckNew()
{

MagazineIndex cbtMagazineIndex;

cbtMagazineIndex = new MagazineIndex();

Assert.IsNotNull(cbtMagazineIndex, "cbtMagazine is null!");
}

Listing 3: Making the test pass

With Listing 3 in place, re-compiling and then re-running the tests through NUnit-GUI reveals
Figure 5, the green bar.
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Figure 5: Green bar, test OK

As we will see shortly, another TDD principle revolves around the fact that a test should fail the
first time it is executed. Unfortunately, because of the blatant simplicity of this first example,
the CheckNew() test actually passes!

Adding Functionality

What we’ve seen so far, whilst sound TDD practices, hasn’t resulted in much demonstrable
code.  We know that MagazineIndex is going to manage a collection of zero or more instances
of the class Magazine, so it stands to reason that we might have an AddMagazine method. So let
us set about writing the test for AddMagazine.

Listing 4 presents our new test case – remember, we must write our tests before we write any
implementation code! I’ve done the simplest thing possible, added CheckAddMagazine that
creates an instance of MagazineIndex, adds a magazine name, and then checks that the
magazine name was added correctly. Listing 4 is not going to compile – there’s no
AddMagazine method defined, nor is there an IsMember function.

[Test]
public void CheckAddMagazine()
{

MagazineIndex cbtMagazineIndex;
cbtMagazineIndex = new MagazineIndex();
cbtMagazineIndex.AddMagazine("Methods & Tools");
Assert.IsTrue(cbtMagazineIndex.IsMember("Methods & Tools"), "Magazine
was not added to collection!");

}

Listing 4: Adding functionality

Doing the simplest thing to Listing 2 will allow our new test in Listing 4 to compile. This means
adding the AddMagazine and IsMember methods to the class MagazineIndex. Listing 5 presents
MagazineIndex with these modifications.
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namespace WinApp
{

public class MagazineIndex
{

public void AddMagazine(string MagazineName)
{
}
public bool IsMember(string MagazineName)
{

return false;
}

}
}

Listing 5: Doing the simplest thing

With Listing 5 in place, we can re-compile the solution and re-run the test. Prepare yourself for
some bad news.

Figure 6: Red bar, test fails

Bad news, the test failed. What do we need to do in order to fix this? What might move us in the
right direction would be a change to the AddMagazine and the IsMember methods, and the
introduction of a string called MagazineList, this is the simplest thing. Listing 6 presents the
updated MagazineIndex class.

public class MagazineIndex
{

private string MagazineList;
public void AddMagazine(string MagazineName)
{

MagazineList = MagazineName;
}
public bool IsMember(string MagazineName)
{

return MagazineList == MagazineName;
}

}
Listing 6: Small steps, tests pass
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Figure 7: One magazine, the test passes

Adding Two Magazines

Like all good developers, we will write some test code that exercises adding more than one
magazine. Listing 7 presents a new test that does just this.

[Test]
public void CheckAddTwoMagazines()
{

MagazineIndex cbtMagazineIndex;
cbtMagazineIndex = new MagazineIndex();
cbtMagazineIndex.AddMagazine("Methods & Tools");
cbtMagazineIndex.AddMagazine("The Delphi Magazine");

Assert.IsTrue(cbtMagazineIndex.IsMember("Methods & Tools"), "M&T was not added
to collection!");
Assert.IsTrue(cbtMagazineIndex.IsMember("The Delphi Magazine"), "TDM was not
added to collection!");

}
Listing 7: Adding two magazines to the collection

Figure 8: Two magazines, the test fails
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Our simple approach of using a string to manage the MagazineList has caused a test to fail. That
is part of the TDD process – let the tests dictate (drive) which code is developed and how it is
developed. In this case, CheckAddTwoMagazines dictates that we need to develop a collection
or list of some sort to replace the simple string. The TDD mantra of “red, green, refactor” seems
to stand true. It is time to refactor the AddMagazine and IsMember methods.

namespace WinApp
{
  using System.Collections;

public class MagazineIndex
{

private ArrayList MagazineList = new ArrayList();

public void AddMagazine(string MagazineName)
{

MagazineList.Add(MagazineName);
}

public bool IsMember(string MagazineName)
{

return (MagazineList.Contains(MagazineName));
}

}
}

Listing 8: Introducing an ArrayList

After the introduction of Listing 8 , re-compiling and re-running the tests reveals Figure 9 and a
green bar.

Figure 9: Two magazines and a green bar

ArrayLists in .NET languages are a useful mechanism that allows us to manage groups of object
references, in our case strings. An ArrayList has the ability to grow as new object references are
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added – hence it is the ideal abstraction for managing a collection of magazine titles. ArrayLists
support useful methods like Add, Insert, Remove, and conveniently for us a Contains method
(we have used this in our IsMember implementation.)

Smells

Now that we have three tests in place, a certain amount of duplicated code has appeared. Most
obviously, there is the class setup code:
MagazineIndex cbtMagazineIndex;
cbtMagazineIndex = new MagazineIndex();

We know that refactoring plays a major part in the TDD process, but so far we’ve only really
looked at refactoring the implementation class. Duplicated code is something XPers call a ‘bad
smell’, and it is something that should be refactored out. Conveniently, most xUnit frameworks
implement a “setup” and “teardown” mechanism. NUnit uses the attributes [SetUp] and
[TearDown].

The [SetUp] attribute allows us to specify a method that will be called once at the creation of the
[TestFixture]. We can use it to create an instance of the MagazineIndex class.

The [TearDown] attribute allows us to specify a method that will be called when the
[TestFixture] is destroyed. We could use this to clean up any objects/memory that are not
garbage collected.

Think of [SetUp] and [TearDown] as “initialise” and “cleanup”, or “create” and “destroy/free”.

If we refactor our most recent test class, we can remove the duplication by making the class
being tested a private member of the class TestMagazineIndex. The introduction of a SetUp
method then allows us to construct a new instance of MagazineIndex.

namespace WinApp
{

using System;
using NUnit.Framework;

[TestFixture]
public class TestMagazine
{

private MagazineIndex cbtMagazineIndex;

[SetUp]
public void Setup()
{

cbtMagazineIndex = new MagazineIndex();
}

[TearDown]
public void TearDown()
{

cbtMagazineIndex = null;
}
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[Test]
public void CheckNew()
{

cbtMagazineIndex = new MagazineIndex();
Assert.IsNotNull(cbtMagazineIndex, "cbtMagazine is null!");

}

[Test]
public void CheckAddMagazine()
{

cbtMagazineIndex = new MagazineIndex();
cbtMagazineIndex.AddMagazine("Methods & Tools");
Assert.IsTrue(cbtMagazineIndex.IsMember("Methods & Tools"),
"Magazine was not added to collection!");

}

[Test]
public void CheckAddTwoMagazines()
{

cbtMagazineIndex = new MagazineIndex();
cbtMagazineIndex.AddMagazine("Methods & Tools");
cbtMagazineIndex.AddMagazine("The Delphi Magazine");

Assert.IsTrue(cbtMagazineIndex.IsMember("Methods & Tools"), "M&T
was not added to collection!");
Assert.IsTrue(cbtMagazineIndex.IsMember("The Delphi Magazine"),
"TDM was not added to collection!");

}
}

}

Listing 9: Refactoring followed by re-running of tests

Of course, with such a sweeping change like that of Listing 9, we need to run the tests again to
be sure that everything still works. Luckily the tests pass and we get a green bar.

One Assertion per Test?

The TDD Yahoo group [2] contains a long running thread about the merits of how many assert
statements a test may have. Whilst the hardened core of TDDers will argue that “one test should
test one aspect”, you may have noticed that I have included two assert statements in one of my
tests. I believe with practice I’ll reach the point whereby I have a single assertion per test, but
until I’ve taken TDD across an entire [large] project, I’ll have to continue using one or two
assertions per test. So far I’ve enjoyed considerable success introducing TDD into the new
classes that I’m writing for inclusion in existing applications. I’m also taking the time to write
tests for some of the periphery classes as I go.

The TDD Yahoo group is the place to find Dave Astels and many other TDD gurus – if you’re
serious about TDD it’s definitely a group to follow.
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Naming Conventions

Many xUnit implementations enforce a naming convention. Tests, for example, must be
prefixed with the word ‘Test’, e.g. public void TestCreateNew(). .NET’s attributes relieve us of
that convention; we are able to essentially prefix classes and methods with the [TestFixture] and
[Test] attributes. These attributes are embedded in the assembly (our .exe) which can then be
interrogated by the NUnit GUI / Test Runner application.

Equally, we could examine the assembly using other tools. Lutz Roeder’s .NET Reflector [3]
will let you examine the ‘metadata’ inside a .NET assembly.

However, there is one small NUnit convention that we must follow. All NUnit [Test] methods
must be declared as public void. If you attach the [Test] attribute to a non-public method, NUnit
will simply ignore it.

Conclusions

As you may have gathered, refactoring and TDD are made for each other. During the refactoring
process we find ourselves making sweeping changes to the internals of a system, we need a
mechanism that ensures that any refactorings do not break the functionality, TDD provides us
with that mechanism.

I noted a number of principles:

• write tests first

• make a test fail the first time it is executed

• do the simplest thing that could possibly work

• small steps

• no code without tests

These principles are worth following. Granted, over the course of this article, I have deliberately
taken these principles to their extreme (small steps and do the simplest thing), your initial work
with TDD should take similar small steps. As your confidence increases, you will find that
larger steps are possible. However, taking steps that are too large will take you back to square
one: biting off more than you can chew is why we spend a lot of time scrapping code and re-
working it.

I have used a very simple example in this article. If you would like to see a more detailed
example please visit my web-site[4] where you can find examples written using Visual
Basic.NET and Delphi.

I hope this article has given you a flavour of the power of TDD – the ability to change a class’s
implementation and re-test it with just a few mouse clicks is a great confidence boost. All too
often traditional non-automated testing techniques involve the original developer re-writing
some code, re-testing the bit that changed with little regard for the periphery code that really
should be tested too. Maintaining an exhaustive set of tests that can be run again and again
means those obscure bugs that usually slip through the net are caught whilst the original
developer is focusing on the problem – not hours, days or sometimes weeks after the code was
re-written/tweaked.
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If you like the idea behind TDD but do not wish to use Visual Studio .net, I can recommend
Dave Astels site[7] and Ron Jefferies site[8] as good places to start looking for a TDD
framework for your environment.

Lastly, I will leave you with the thoughts of Rutherford[5] and Marick[6]. Testing is an emotive
subject, whilst this article has used the phrase test-driven development, I agree with Rutherford
and Marick, the code that makes up a [TestFixture] and a [Test] provides us with an example of
how a class/method can be invoked and what we might expect it to return. Given that, it is fair
to say that [TestFixture]s and [Test]s are the best live documentation you will have for your
code-base: think about it, paper-based documentation is rarely in sync with the code-base,
TDD’s repeatability ensures the [Test]s are.
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The Agile Unified Process (AUP)

Sinan Si Alhir, salhir@comcast.net
http://home.comcast.net/~salhir

Introduction

All endeavors are bound by an elegant universe we call reality wherein the two dimensions of
time and space establish the landscape for the intertwining dance between the two natural forces
of change and complexity. It is within this arena that the key ingredients of people, contextual
best practices, and automation converge to bridge the chasm between vision and reality.
However, throughout our endeavors across domains (and independent of any particular domain),
the more change and complexity one attempts to address, the more change and complexity one
breeds -- it is a vicious circle riddled with risks and opportunities.

Within business and the information systems/technology industry, there are various means for
confronting these forces and ultimately seizing opportunities, including the Unified Process
(UP) and agile approaches. This paper focuses on distilling the definition of agility, exploring
the definition relative to the UP and agile approaches, and describing the Agile Unified Process
(AUP).

The Unified Process (UP) and Rational Unified Process (RUP)

The Unified Process (UP) is a software product engineering process framework (a use-case
driven, architecture-centric, iterative, incremental, parallel, risk-confronting, object-oriented,
and component-based approach). It is also known as the Unified Software Development Process
(USDP). It was developed by Grady Booch, James Rumbaugh, and Ivar Jacobson (the Three
Amigos). The UP provides an infrastructure for executing software product engineering
projects, a framework composed of major and minor milestones and disciplines.

The Rational Unified Process (RUP) is a process product developed and marketed by IBM
Rational Software. The RUP provides the details required for executing projects using the UP,
including guidelines, templates, and tool assistance.

The UP emerged as the unification of Rational Software Corporation’s Rational Approach and
Objectory AB’s Objectory process when Rational Software Corporation acquired Objectory AB
in 1995. Rational Software Corporation developed the Rational Approach as a result of various
customer experiences. Ivar Jacobson created the Objectory process primarily as a result of his
experience with Ericsson in Sweden. Rational Software Corporation was acquired by IBM in
late 2002.

Please see “Understanding the Unified Process (UP)” (Methods & Tools, Spring 2002) for
more information on the UP.

The Agile Alliance and Agile Project Management Community

The Agile Alliance is a non-profit organization dedicated to promoting the concepts of “agile
software development” based on the “Manifesto for Agile Software Development” and the
“Principles behind the Agile Manifesto”. The organization emerged in early 2001 as an
umbrella for various approaches to software development, including eXtreme Programming
(XP), Adaptive Software Development (ASD), Scrum, Agile Modeling (AM), Feature Driven
Development (FDD), Lean Software Development, etc. that gained popularity in the late 1990s.

http://home.comcast.net/~salhir
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The Agile Project Management community is an organizing group of individuals dedicated to
prompting the concept of “agile project management” based on the “Declaration of
Interdependence (DOI) for Agile-Adaptive Project Management”. The group emerged in early
2005 as an umbrella for various approaches to project management that gained popularity in the
early 2000s.

The Agile Unified Process (AUP)

With the proliferation of the UP and agile software development and project management (as
expounded by the Agile Alliance and Agile Project Management community), there have been
many misinterpretations and misapplications of the UP and agility. The UP has become
erroneously classified as a non-agile approach and the definition of agility has become
synonymous with the work of the Agile Alliance and Agile Project Management community.

However, the roots of agility predate the Agile Alliance and Agile Project Management
community. The origins of agility can be found in the philosophy of war as well as complexity
theory and business and manufacturing. Because the UP is a process framework, it must be
tailored and then enacted. Some practitioners have been applying the UP in an agile manner for
a very long time while other practitioners are beginning to realize that the UP may be applied in
a less-agile or more-agile manner and that the agility of the UP is dependent on how it is applied
rather than how it is defined. The agile application of the UP has become known as the Agile
Unified Process (AUP) or Agile Unified Software Development Process (AUSDP).

Advertisement – The Next Generation in UML Modelling - Click on ad to reach advertiser web site

http://www.sparxsystems.com.au


Process

Methods & Tools * Spring 2005 * Page 20

The Art of Agility

Agility involves thriving on chaos [1] in an age of discontinuity [2]; generally, it involves
strategy and execution (or tactics); and specifically, it is the ability of an entity to thrive in a
chaotic and discontinuous context.

An entity is a system that resides in a context called its environment, exhibits various
characteristics or features called properties, and is composed of elements called parts. For
example, an organization resides in an industry and is composed of teams (or departments), a
team resides in an organization and is composed of individual people (or sub-teams), and an
individual person resides in a team. An organization may be recursively decomposed, and when
it is fully decomposed, it consists of people. For any entity, chaos and discontinuity by virtue of
its environment involve incoherence and inconsistency regarding its past, ambiguity regarding
its current situation, and unpredictability and uncertainty regarding its future.

Origins

The origins of agility can be found in the philosophy of war. Figure 1 shows a conceptual view
of the essential static elements of agility. The solid-line ellipse represents an entity. Key
concepts are interconnected using explicit relationships shown as solid-line paths and using
implicit relationships shown as dashed-line paths.

Figure 1: Philosophy of war (overview).

The philosophy of war [3-6] involves the key concepts of strategy, execution (tactics), value,
vision, goals, objectives, community, culture, observation, orientation, decision, and action.
Strategy involves establishing a vision and goals. A vision is any mechanism (often called an
“instrument” or “device”) that provides focus, and a goal is any mechanism that provides
direction. Execution involves establishing objectives within a community. An objective is any
mechanism that provides a mission or commitment and agreement among community members,
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and a practice is any mechanism used to achieve an objective. The community forms a society
with goals and objectives directed toward the vision, and the community’s ability to achieve its
purpose and provide value is ultimately related to leveraging its cultural values and the
intuitiveness, trust, unity, and cohesion among its members.

A software development team uses the customer’s vision of the software to focus its efforts. The
vision is used to establish goals that provide direction for what pieces of the software to
develop. Goals are used to establish objectives that provide commitments and agreements
among team members for developing the software using various software development
practices. The strategy of delivering the valued software to the customer ultimately depends on
the team’s intuitiveness, trust, unity, and cohesion to execute against the strategy.

Figure 2 shows a conceptual view of the essential dynamic elements of agility.

Figure 2: Philosophy of war (detail).

An entity will observe its environment, orient itself toward its vision given its observations,
decide how to achieve its vision given its orientation, and act on its decisions. This cycle of
activities is known as the OODA (Observe-Orient-Decide-Act) loop. Each activity feeds
forward explicit guidance to its successor activity, and because orientation focuses and provides
direction for all activities, it feeds implicit guidance to all activities.

Orientation (or setup) speed is the time required for the whole loop to initially execute and the
entity to establish an initial orientation. It impacts the responsiveness of an entity thereafter
because it establishes the entity’s initial focus and direction. A software development team uses
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the customer’s vision of the software to focus its efforts and deliver the initial version of the
software.

As change occurs in an environment, an entity must observe the change, reorient itself toward
its vision given the change, decide how to achieve its vision given its reorientation, and act on
its decisions in response to the change.

Cycle speed is the time required for the whole loop to execute. If this cycle is too slow, by the
time the entity responds, there may be other changes and the response may no longer be viable
relative to the original change; and over time, the entity becomes disoriented. A software
development team must be able to accommodate the customer’s changes to the software in a
minimal amount of time to ensure that the software and those changes remain relevant in
addressing the customer’s needs and vision. This ensures that the software and software
development effort are relevant to the customer.

Reorientation (or changeover) speed is the time required for the entity to change orientation. If
re-orientation is too slow or miss-focused or misdirected, all other activities are negatively
impacted. Intuitiveness, trust, unity, and cohesion are essential for quickly transforming focus
and direction into missions. A software development team must be able to reorient itself due to
the customer’s changes in a minimal amount of time to ensure that the team is aligned with the
customer’s needs and vision. This ensures that the software development team remains properly
oriented.

Advertisement – Objectiver for Requirements Engineering - Click on ad to reach advertiser web site
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A fast entity is one that merely requires minimal cycle time, but an agile entity is one that
further requires minimal orientation and reorientation time and whose parts are said to be
interdependent, aligned, and synergetic. A software development team must be able to focus on
the customer’s vision of the software, accommodate customer changes, and reorient itself due to
the changes.

Complexity theory [7] relates to agility and emphasizes the key concepts of self-
organization/discipline, non-linearity, order and chaos dynamics, and emergent properties. This
involves a system changing its internal structure and behavior to increase effectiveness and
efficiency based on feedback as its environment changes. The system’s internal changes are not
necessarily proportional or predictable relative to changes in its environment, and the system’s
properties are not necessarily reducible.

Business and manufacturing [8-12] relate to agility and emphasize the key concepts of enriching
the customer, mastering change and uncertainty, leveraging the impact of people and
information, and cooperating to enhance competitiveness. This involves a business providing
value-adding solutions to its customers by configuring its products and services while reactively
adapting to changes in its environment due to its competitors, proactively innovating to cause
changes in its environment for its competitors, and opportunistically cooperating internally and
externally with its partners to enhance its competitiveness.

The Wolf Credo

Agility is closely related to the Wolf Credo. The wolf pack is nature’s most effective hunting
machine, it operates under the governance of the Wolf Credo (Anonymous):

Respect the Elders Play when you can Share your Affection Leave your Mark

Teach the Young Hunt when you must Voice your Feelings

Cooperate with the
Pack

Rest in between

The first three items focus on the past, future, and present, respectively. The next three items
focus on the activities of pack members and the priority of the activities. The next two items
focus on communication between pack members, and the final item focuses on the results pack
member activities and of the pack.

Agility

Multidimensional concepts, such as agility, are often best approached using a theme-pattern
paradigm where a concept is described as a theme around which patterns provide a framework
for thinking about the concept. The concept of agility is composed of three patterns shown in
Figure 3.
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Figure 3: Agility.

First is the Context pattern, which is expressed as Leadership-Collaboration-Contribution-&-
Confirmation. It establishes the context for an agile entity. Leadership focuses on a vision.
Collaboration, contribution, and confirmation focus on goals and objectives. This pattern relates
directly to establishing intuitiveness among the entity’s parts. The Wolf Credo’s sharing,
voicing, and leaving of mark generally establish the context of a pack.

Next is the Core pattern, which is expressed as Focus-Balance-Iterate/Feedback. It establishes
the inner workings of an agile entity. Focus, balance, and feedback focus on goals and
objectives. Within this pattern, feedback relates directly to observation, focus relates directly to
orientation, balance relates directly to decision, and iterate relate directly to action. The Wolf
Credo’s playing, hunting, and resting generally establish the inner workings of a pack.

Finally is the Context-Core pattern, which is expressed as Support-Enable-Empower. It
establishes the relationship between the context for and inner workings of an agile entity.
Empowerment focuses on goals and objectives. Empowerment, support, and enablement focus
on a community. This pattern relates directly to establishing trust, unity, and cohesion among
the entity’s parts. The Wolf Credo’s respecting, teaching, and cooperating generally establish
the relationship between the context for and inner workings of a pack.

Leadership in the Context pattern and focus in the Core pattern are interdependent, and
empowerment in the Core-Context pattern and balance in the Core pattern are interdependent.
Within these relationships, if one element of a pattern suffers, the other element in the other
pattern suffers and ultimately the degradation of one pattern impacts the other pattern. These
patterns are interdependent and form a system or paradigm for understanding agility.

A software development team requires leadership where its members collaborate to contribute
and confirm their added value in developing the software. The team must focus via leadership
where its members can balance how they add value in developing the software based on
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feedback. The team members must be supported, enabled, and empowered to balance how they
add value in developing the software.

Agility is not an all or nothing concept, but an entity can have different degrees of agility. An
entity may be dormant or inactive, in which case it does not necessarily respond to its
environment. An entity may be reactive, in which case it reactively adapts to known changes in
its environment using previously known (not newly invented) responses. A software
development team that has “change management” capabilities and can address changes to the
software is reactive. An entity may be proactive (often said to be responsive), in which case it
evolves its capabilities to respond. A software development team that has “process
improvement” capabilities and can improve itself and the software is proactive. An entity may
be completely agile (often said to be proactive), in which case it proactively innovates to
unknown changes in its environment using previously unknown (newly invented) responses. A
software development team that has “innovation” capabilities and can re-invent itself and
innovate its software is completely agile.

Understanding Agility in Software Development

Even though the definition of agility in software development has become synonymous with the
work of the Agile Alliance and Agile Project Management community, the origins of agility can
be found in the philosophy of war as well as complexity theory and business and manufacturing,
and universally expressed using three essential patterns.

Manifesto for Agile Software Development
The Agile Alliance expresses a set of core values via the “Manifesto for Agile Software
Development” [13, 14]:

We are uncovering better ways of developing software by doing it
and helping others do it. Through this work we have come to
value:

Individuals and interactions over processes and tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation
Responding to change over following a plan

That is, while there is value in the items on the right, we
value the items on the left more.

These core values readily relate to the three essential patterns used to describe agility. The first
value statement (“Individuals and interactions”) generally relates to the Context pattern with
emphasis on collaboration. The second value statement (“Working software”) generally relates
to the Core pattern with emphasis on focus. The third value statement (“Customer
collaboration”) generally relates to the Context pattern with emphasis on collaboration (and
leadership) and the Context-Core pattern. The fourth value statement (“Responding to change”)
generally relates to the Core pattern with emphasis on balance and feedback.

There may be other interpretations of how the “Manifesto for Agile Software Development”
relates to agility, but that is beyond the scope of this discussion.
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Declaration of Interdependence (DOI) for Agile-Adaptive Project Management

The Agile Project Management community expresses a set of core values via the “Declaration
of Interdependence (DOI) for Agile-Adaptive Project Management” [15]:

• We increase return on investment by making continuous flow of
value our focus.

• We deliver reliable results by engaging customers in frequent
interactions and shared ownership.

• We manage uncertainty through iterations, anticipation and
adaptation.

• We unleash creativity and innovation by recognizing that
individuals are the ultimate source of value, and creating an
environment where they can make a difference.

• We boost performance through group accountability for results
and shared responsibility for team effectiveness.

• We improve effectiveness and reliability through situationally
specific strategies, processes and practices.

These core values readily relate to the three essential patterns used to describe agility. The first
value statement (“Value”) generally relates to the Core pattern with emphasis on focus. The
second value statement (“Customer”) generally relates to the Context pattern with emphasis on
collaboration. The third value statement (“Uncertainty”) generally relates to the Core pattern
with emphasis on balance and feedback. The fourth value statement (“Individual”) generally
relates to the Core-Context pattern. The fifth value statement (“Team”) generally relates to the
Core-Context pattern. The sixth value statement (“Context”) generally relates to the Context
pattern with emphasis on leadership.

There may be other interpretations of how the “Declaration of Interdependence (DOI) for
Agile-Adaptive Project Management” relates to agility, but that is beyond the scope of this
discussion.

The Agile Unified Process (AUP)

The UP is a software product engineering process framework which may be approached using
three perspectives, including collaborations, context, and interactions which focus on a lifecycle
composed of phases, disciplines, and iterations.

Figure 4 shows a conceptual view of the essential elements that constitute the UP and AUP.
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Figure 4: The UP and AUP.

A collaboration involves an interaction within a context. In the UP, a collaboration captures who
does what activities (how) on what work products. Thus, it establishes the elements of a project.
Collaborations involve workers (roles), activities, and work products (artifacts). In the AUP,
collaborations focus on collaborators (contributors and confirmers), goals and objectives, and
results.

A context emphasizes the structural or static aspect of a collaboration, the elements that
collaborate and their conglomeration or spatial relationships. In the UP, a context captures when
and where such activities should be done and work products (artifacts) produced and consumed.
Thus, it establishes the context for a project. Contexts involve development cycles and phases,
iterations, and disciplines. The UP’s phases include Inception, Elaboration, Construction, and
Transition. The UP’s disciplines include Business Modeling, Requirements, Analysis & Design,
Implementation, Test, Deployment, Configuration & Change Management, Project
Management, and Environment. In the AUP, contexts focus on goals.

An interaction emphasizes the behavioral or dynamic aspect of a collaboration, the elements that
collaborate and their cooperation or temporal communication. In the UP, an interaction captures
when and why such activities should be done and work products (artifacts) produced and
consumed. Thus, it establishes the execution of a project. Interactions involve requirements or
use-cases, a system and its architecture, iterations, and risk. In the AUP, interactions focus on
objectives.

Figure 5 shows a conceptual view of the AUP.
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Figure 5: The AUP lifecycle.

The AUP defines goals and objectives where collaborations are used to achieve results. A
collaboration may be work performed by a single individual who may interact with others. A
collaboration may be a workshop involving multiple individuals who interact with each other
and may interact with others outside the workshop. Goals are similar to UP phases where they
are used as gates that involve stakeholders and users. Objectives are similar to UP time-boxed
iterations that involve users and result in a product release.

The focus of Initiate (Conception) is to establish the product vision, project roadmap, business
and technology justification, and identify risks and opportunities. There may be one or more
objectives which must be achieved in reaching this goal.

• Stakeholders focus on the problem, solution, and constraints (visioning workshops).

• Users focus on their needs and product features at a high level (requirements workshops).

• The stakeholders and users focus on establishing the business justification for the product
and project.

• The users and software development team focus on establishing the technology justification
for the product and project.
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• The team (software development team, stakeholders, and users) focus on prioritizing risks
and opportunities (road-mapping workshops).

• The team focuses on relating product features to Execute (Innovation) goals and objectives
in the project roadmap (road-mapping workshops).

• The team establishes the development infrastructure.

The focus of Execute (Innovation) is to evolve the product vision, project roadmap, and
business and technology justification; identify and confront risks; and identify and seize
opportunities while architecting, developing (implementing and testing), and deploying
(integrating, building, and releasing) the product. There are commonly many objectives and
goals, each resulting in deploying the product.

• Strategize (Define)

• The team considers potential changes to the product and project and their ramifications,
decides to accept or reject the potential changes, and incorporates the accepted changes into
the product and project (change-consideration workshops).

• Stakeholders and users focus on evolving the vision (visioning and requirements
workshops).

• The team focuses on evolving the business and technology justification for the product and
project.

• The team focuses on evolving the risks and opportunities and project roadmap (road-
mapping workshops).

• The team focuses on taking a pulse of the product and project at goals and objectives (pulse
workshops).

• Execute (Architect, Develop (Implement & Test), Deploy)

• The team focuses on seizing opportunities while confronting risks in architecting,
developing (implementing and testing), and deploying (integrating, building, and releasing)
the product (product-development workshops).

• The team addresses issues (issue-resolution workshops).

• The team identifies potential changes to the product and project.

The focus of Close (Cessation) is to retire the product and close the project (closure workshops).
There may be one or more objectives which must be achieved in reaching this goal.

The vision provides focus and general direction, the roadmap provides specific direction
through goals and missions through objectives, and collaborations establish intuitiveness, trust,
unity, and cohesion.

Conclusion

Unequivocally, people are and will remain the “original ingredient” necessary for success.
However, with a better understanding of agility, individuals, teams, and organizations are
further empowered not only to simply address change and complexity, but leverage change and
complexity for a competitive advantage. Furthermore, it is experience, experimentation, and
application of agility that will enable us to realize its benefits.
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A Systematic Approach to Specification

Michael Breen
www.mbreen.com

Background: The High Cost of Unforeseen Scenarios

Apart from the long-known statistics [1], most of us are aware from experience that the cost of
fixing “we never thought of that” mistakes rises dramatically the longer they go undiscovered.
Perhaps a designer realizes something was overlooked during specification: we have to revisit
the specification stage, consult the customer, rework part of the design; if found at a later stage,
code and tests need to be changed too. Often the fixes have a knock-on effect, requiring changes
to other functions, or they make the software brittle and introduce new bugs. The impact on the
schedule is costly and unpredictable.

This article introduces a simple, systematic method designed to ensure that no unusual scenario
is overlooked. This method, which can be called the Statestep approach, was originally used to
specify the external, user-visible behaviour of a commercial audio CD recorder. The motivation
for adopting the method was strong schedule pressure: without an almost perfect specification,
we knew the delays from problems found in development and testing could make it impossible
to meet the date by which the embedded software needed to be ready. Although it may be called
a “formal method”, it is a simple and practical approach. Technically, it produces a
comprehensive model of system behaviour as a finite state machine, but one which is organized
more like a series of scenarios, or use cases – and, like scenarios, the notation is understandable
within minutes to non-technical as well as technical readers.
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The Statestep method is specialized, and seems likely to be of most value in specifying
embedded user interface behaviour: a type of system where significant parts of the behaviour
can often be modeled as a finite state machine and where it can be very difficult to ensure one
has considered all the unusual scenarios that might arise. As an example: “Suppose the CD
player is paused in the middle of playing a track, 'Repeat' is set to 'repeat track', the user presses
one of the digit buttons and, while the machine is displaying this digit and waiting a short time
in case a second digit is pressed, the user presses the 'Next' button - should it move back to the
beginning of the current track, pause at the beginning of the track after the single digit entered,
or what?” As already mentioned, identifying these scenarios isn't just a concern for safety-
critical systems, it concerns anyone interested in reducing cost and development time.

The method has also proved very useful in deciding whether it is prudent to include an
additional feature in a product. Often, it is quite easy to describe very simply a new feature that
it seems would not involve much extra effort to implement. By adding it to the model produced
by this method, questions arise wherever the integration of the new feature with the existing
functionality has not been properly thought out. From these, it can quickly become apparent that
there is much more to the innocent little extra feature than was first thought.

The approach has been difficult to apply manually in practice. However, the payoff has more
than justified the investment in labour; further, a tool now exists to support it [2].

The next section outlines the basic elements of the approach. This is followed by some advice
on applying the method in practice. I then summarize its advantages and disadvantages and
relate it to other approaches.

Outline of the Method

Identify the Variables

We begin by defining some variables that will be needed to model the system state. In the case
of a CD recorder, for example, an obvious candidate is the tray, with possible values 'opening',
'open', 'closing', and 'closed'. These variables and their possible values are listed at the beginning
of the specification document, together with explanations or descriptions where necessary. For
example:

Mode
Mode is the desired mode and does not necessarily indicate what's currently happening.
For example, Mode may become play while the tray is open, in which case the CD will
be played when the tray finishes closing.
play
pause
. . .

In general, we're interested only in finite state variables – those which, like the tray, have a
limited set of distinct values. However, while numeric or more complex variables don't form
part of the formal model, it can be useful to abstract them to finite state variables. For example,
a program in a CD recorder may be defined as a sequence of track numbers to be played in order
(a function called “memory” in some machines): the program can't be modeled as a finite state
variable but we could define a variable 'Program' with possible values 'empty', meaning no
program exists, 'entered', meaning the user has programmed some tracks, and 'maximum',
meaning that the program memory is full and no more tracks can be added to it. The idea of
partially modeling such an element as a finite state variable is to help ensure scenarios involving
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it are not overlooked (“What happens if X and Y and user has entered a program?”). Some tips
on choosing variables are given later.

Describe the Constraints Between Variables

Constraints, or invariants, help to define the possible states of the system. A systematic way to
identify every possible constraint involving a pair of variables is to complete a constraint table.
This is a kind of logical spreadsheet, novel to this method: on each row, there is a single shaded
cell which may be thought of as the “if” part of an “if-then” statement; the “then” parts come
from the other cells on the same row. For example, from the first row of the following table, we
see that if 'Tray' is 'opening' then 'Mode' must be 'stop' and 'Program' must be 'empty'.

Tray Mode (Other Variables...) Program
opening stop empty
open stop empty
closing pause . . . empty

play
closed * *
* stop . . . *
closing play *
closed
. . . . . . . . . . . .
* * empty
closed * entered
closed * . . . maximum

The shaded cells progress diagonally down the table, with each variable value appearing exactly
once in a shaded cell. Looking further down the table we can find, for example, the cell in which
'play' is shaded; from the other cells on the same row, we see that if 'Mode' is 'play' then 'Tray'
must either be 'closed' (with a CD being played) or 'closing' (in order to play the CD) and that
we can infer nothing about the value of the 'Program' variable - '*' means “don't care”.

A completed constraint table doesn't necessarily define the possible system states. This is
because there may be constraints that cannot be expressed in terms of two variables, for
example, “if 'X' is 'x1' or 'x2' then either 'Y' must be 'y1' or 'Z' must be 'z3'”.
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Any such constraint may be given in text form separately from the table. However, it is not
essential to the method that all such constraints be identified: the aim of the constraint table is to
make you think about what the valid states are and restrict them as far as reasonably possible.

There is also some redundancy in the constraint table: the contents of the cells below the shaded
diagonal could be derived from those above it or vice versa. However, this format makes the
table much easier to use for reference: given that some variable has a particular value, it's
possible to see the effect of this on all the other variables simply by reading across a single row.

List the Events

The next part of the specification simply lists the events to which the system responds, together
with explanations and descriptions where necessary. Continuing our CD recorder example,
some of these events would be:

KEY_OPEN_CLOSE The “Open/Close” button is pressed on the front panel or
on the remote control.

EV_TRAY_CLOSED The (closing) CD tray reaches the fully closed position.
EV_CALIBRATED The calibration of a CD-RW or CD-R disc is complete.

Some advice on identifying events is included in the section on modeling below.

Describe the Behaviour

We next describe the response of the system to each of the events in every possible state. This is
done using a transition table which contains a series of transition rules for each event. As an
example, here are two of the rules for the “Open/Close” event of the CD recorder:

Tray Mode (Other Variables...) Program

KEY_OPEN_CLOSE r1_1
closing stop *
closed pause . . .

play
opening stop . . . empty

KEY_OPEN_CLOSE r1_2
opening * . . . *
open
closing = . . . =

The first rule above, labelled 'r1_1', tells us that if 'Tray' is 'closing' or 'closed' and 'Mode' is
either 'stop', 'pause', or 'play' then 'Tray' changes to 'opening', 'Mode' becomes 'stop', and the
program memory is cleared. The second rule indicates that pressing the “Open/Close” button
when the tray is opening or open causes the tray to start closing and that this happens regardless
of the values of the variables 'Mode' and 'Program'. The '=' symbols mean that the values of
'Mode' and 'Program' don't change.

In some cases, the system's response will involve something outside the finite state model. This
is described in a textual comment added to the rule. For example, the following (slightly
simplified) rule describes what happens if the user presses a digit button on a CD recorder in
program mode and that digit corresponds to a track number on the inserted CD and the program
isn't already full:



Specification

Methods & Tools * Spring 2005 * Page 35

Tray Mode (Other Variables...) Program

KEY_DIGIT r9_5
closed program empty

. . . entered
= = . . . entered

maximum
The digit pressed is the number of a track which exists on
the CD; this track is added to the end of the program.

The set of rules for an event is complete when there's a rule for every possible combination of
variable values (somewhat similar to a set of rules in a decision table); cases in which there is no
response are described using rules with a row of “no changes” ('='s). Typically, many cells in
the upper row will be “don't cares” and not many rules will be needed to cover all the
possibilities.

Repeat as Necessary

The method is an incremental one: as modeling continues, a variable will sometimes be added to
represent some new aspect of the system state; constraints involving the new variable are
identified and new rules are added.

It is also a “random access” method: in practice, information does not arrive in a nice ordered
way and the tabular notation provides a structure in which new information always has a place.
One can switch safely between completing the constraint table, defining new variables, adding
events, or editing rules. For example, if a new variable is created, a column of empty cells will
be added to the transition table: these empty table cells don't have to be completed immediately;
until they are completed, they serve as a reminder of the cases in which the possibility of a
dependency or a change in the new variable have yet to be considered (possibly most of them
will be filled with “don't care” / “no change”).

There are several additional elements available in the approach which, in the interests of
keeping this article to a reasonable length, are not described here. For example, it is sometimes
convenient to replace several separate tabular rules with a single formula describing the same
behaviour. For more details, see [3].
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General Modeling Advice

While examples can make something look easy, actually applying a method can be a difficult at
first, particularly a method that involves modeling of some kind. For this reason, a few tips
which may be helpful are included here, based on the advice in [3]. Some of these tips apply to
other approaches too, for example, the suggestion on how to decide whether to use one finite
state variable or two to model something.

One common mistake with any unfamiliar notation is to try to include everything in the model,
including things for which the notation isn't suited. Unlike programming, the goal of modeling
is not to describe the system completely but rather to show some significant dimension of it –
just as an architectural plan may show the layout of the rooms but not the height of the walls –
and different notations are better adapted to different dimensions. If something is best described
using a picture then draw it; similarly, if a particular algorithm should be executed to process
some data, describe it elsewhere and add a note referencing it to the appropriate rule(s).

Choosing variables can be tricky. One basic point to remember is that the system state, and so
the values of each of the variables, is always something that persists for some period of time
(not, e.g., an instantaneous step in some internal processing). This state may correspond to
something fixed, for example, the CD tray mentioned above being 'closed', or it may reflect an
ongoing process or activity, for example, the tray being in state 'closing'.

Further, in a specification, we are interested only in describing the external behaviour – what a
user of the system sees. This does not necessarily mean that all variables correspond to
something that can be observed directly. For example, suppose a system should turn on a light
whenever button A is pressed after button B, provided button C has not been pressed in the
meantime. If you come along after someone else has been using the system, you might not be
able to tell whether the button B or button C was last pressed. However, this is something the
system must remember if it is to behave correctly. Therefore, we might have a variable called
'LightEnabled' which changes to 'enabled' whenever button B is pressed and to 'disabled'
whenever button C is pressed.

Even when you know exactly the information you want to model as part of the system state,
deciding what variables to use is not always straightforward. Let's continue with our light
example: In addition to the variable 'LightEnabled', we would presumably have another
variable, 'Light', with possible values 'on' and 'off' – and, of course, we would indicate in our
constraint table that 'Light' could be 'on' only when 'LightEnabled' was 'enabled'. However, there
is an alternative: instead of two variables, 'Light' and 'LightEnabled', we could use just one
variable called 'Light' and have its values also model whether the light, when off, is enabled or
not:

OPTION ONE OPTION TWO
Light LightEnabled Light
on enabled on
off enabled off-enabled
off disabled off-disabled

Which is better? Since the two separate variables are related to each other and it's usually a good
idea to save table columns when possible, the single variable solution is probably better in this
case. A good rule of thumb in comparing alternatives like this is to count the total number of
variable values and choose the option with fewer values. In this case, we have a total of four
values with Option One ('on', 'off', 'enabled', and 'disabled') and only three with Option Two –



Specification

Methods & Tools * Spring 2005 * Page 37

which suggests the latter may be better.

What about events? Many events pretty much select themselves. For instance, for our light
example, we would clearly have an event for each of the buttons (A, B, and C) being pressed.
However, you may recall an example above for the CD recorder in which a single event called
KEY_DIGIT was used to model the pressing of any digit key (button). This made sense because
the behaviour as described was essentially the same regardless of whether, for example, '3' or '9'
was pressed.

Our modeling approach requires us to associate an event with every change in state. This
sometimes means defining a slightly artificial event. For example, an event defined for the CD
recorder is EV_TRAY_CLOSED. When this occurs, the 'Tray' variable changes state from
'closing' to 'closed'. This is a subtly different from, say, 'Mode' changing from 'stop' to 'play' in
response to someone pressing the play button – since it's not strictly a response: the “tray
closed” event and the change from 'closing' to 'closed' are really the same thing. If our model
was a design rather than a specification, we might look at things differently. In an
implementation, the variable 'Tray' would in effect be a variable within the software, used to
keep track of the latest detected state of the real tray; in a model understood as a specification as
we have here, the 'Tray', though we call it a “variable”, should be thought of as the physical tray
itself.

Tray Mode (Other Variables...)

EV_TRAY_CLOSED r28_1
closing *
closed = . . .

Provided we can be confident of having some way to detect them in the real system, we can
define any events we like. One example of this is a timeout event. Returning to our simple
system with three buttons and a light, we might want the light to switch off automatically after it
has been on for, say, 5 minutes. In the real system, we would start some kind of timer when the
light was first switched on. In the specification, there is no need to make any reference to
starting or stopping a timer; all we need do is define a “lighting period elapsed” event and say
that this occurs when the light has been switched on for exactly 5 minutes.
The freedom to model the same thing in different ways makes any kind of modeling a creative
activity; deciding what to include in a model also involves a degree of judgment which
improves with practice and reflection.

Comparison to Other Approaches

General Finite State Machine Modeling Approaches

Generally, a finite state machine model comprises a set of communicating finite state machines,
each of which models part of the system. Such a model tends to be more difficult for non-
technical people to understand, as the semantics of the communication must be understood.
Moreover, it means that, in reviewing any part of it, one is looking at how a small part of the
system behaves, leading to things being overlooked. It's much easier to be confident that the
overall behaviour is correct when you see the response of each part of the system in the context
of the whole system – as happens naturally with the transition rule format. For example, should
the tray always open in response to pressing the open/close button – even in record mode?
When the tray opens, shouldn't the program be cleared? ...
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Scenario-based Approaches

While finite state machine models describe the behaviour in all cases, it can be difficult to be
sure that behaviour is correct. With sequential scenarios, the opposite problem applies: it's easy
to judge whether each scenario describes the behaviour we want but, in any realistic system, it's
simply not feasible to describe every possible scenario that could take place. As in testing, in
practice only a sample of the vast number of possibilities can be addressed.

Advantages of the Method

Some of the principal benefits of the particular approach described here are:

• It provides a systematic way to ensure that every possibility has been thought of at the
specification phase of a project. This saves time and labour in implementation and makes
development schedules more predictable. Of course, the quality of the end product also
improves!

• The specification is in a form that anyone can understand. This is a particular advantage
where the readers include non-engineers, for example, someone who needs to approve the
detailed behaviour of a user interface.

• It produces a precise, unambiguous model of the desired behaviour, avoiding the danger of
misunderstandings or arguments over what was agreed. In contrast to other such models, in
particular those involving communicating finite state machines, the information is in a form
that allows one to methodically review every possibility and ensure nothing is overlooked.

Limits and Disadvantages

• Specifications may be quite large. This is not a problem in itself, since the time saved by a
detailed comprehensive specification means the payoff far exceeds the cost of producing it.
However, a large specification can be intimidating at first sight – until it's appreciated that it
functions primarily as an elicitation tool during specification and, later, as a reference
document to look up details of behaviour when necessary. The detailed specification can be
complemented by a short, informal overview of the system's functionality – something more
suited to being read cover-to-cover.

• Scalability is limited – as in, “I can only fit X variables in my tables” (for example, using
tables printed in landscape format and a reasonable font size, X is typically about 18). There
are ways around this, for example, one can compromise and omit less important variables
from the model; also, it's often possible to model reasonably independent parts of a larger
model using separate tables (a strategy used to model the behaviour of a dual-tray CD
recorder – see [3]).

• “The method doesn't fit my system.” Regrettably, this will often be true. For example,
though elements such as the program in the CD player above can be accommodated
informally, the notation is not suited to describing behaviour dominated by algorithms or the
manipulation of numeric data. As a specialized method, it is not broadly applicable – but
where it can be used it is very powerful.
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Conclusion

The method can be seen as combining the advantages of scenarios or use cases, which are easy
to understand and show the behaviour of the whole system at once, with those of finite state
machine models, which provide a formal and complete model of the system behaviour. In
contrast to both, it is designed to systematically elicit all problem scenarios so that they can be
resolved “up-front”, allowing a system to be developed right first time, on time.
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Open Source For Enterprise
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Abstract

Ever changing information technology embarked one more driving force - open source software.
Linux is perhaps the most known pillar of this movement receiving wide acceptance from
companies like IBM, HP, Novell but is also treated as a major threat from protagonists of closed
source software - Microsoft and Sun. But modern enterprise has more choices than Linux to
choose from. Starting from the popular LAMP (Linux, Apache, MySQL and PHP) to content
management and collaboration tools, the plethora of tools is plentiful and places decision
makers in front of new decisions. This paper documents the most popular licenses, highlights
benefits and disadvantages, and provides a brief description and assessment of some of the most
popular open source tools. The intended audience is technology decision makers and architects
who are ready to consider this technology in their application portfolio.

Introduction

Open source software (OSS) generates a lot of attention, especially in today’s budget
constrained but technology hungry business environment. This article provides an analysis of
OSS, highlighting benefits and disadvantages of this technology in an enterprise environment. A
brief analysis of some of the most popular software is portrayed at the end of this article. The
intended audience is technology decision makers, software architects or general population
interested in understanding multitude of aspects making OSS a suitable component for an
enterprise.

What is Open Source Software?

Open source software (OSS), as the name indicates, represents software, the source code of
which is accessible to the users. This type of software, therefore, contrasts sharply with the
closed source software commonly used today. For example, the closed source Windows
operating system has an OSS counterpart – Linux. Open Source Initiative (OSI) organization
provides criteria of OSS distribution terms [1] as well as certification program [2] to guarantee
that a piece of software is open source.

Some of the essential criteria that software must satisfy to be licensed under an open source
agreement are: access to source code, free redistribution, ability to modify and derive work from
the original software, and the ability to further distribute software or its derivatives under the
same license terms.

There are several open source licenses available and widely utilized. Among the most popular
are: the restrictive GNU-GPL, Berkeley Software Distribution – BSD, Apache, Lesser GPL, and
Artistic.

The terms and conditions vary from the least restrictive - Artistic to the more strict GNU - BSD.
The goal of the following table is to summarize key features of the six most popular OSS
licenses.
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License Key Features Examples
GNU GPL Derivatives of GNU GPL code need to remain

opened and protected under the same license
conditions as the original software. Integration
(linking) of closed source software is not allowed1

under GNU GPL.

Linux, GNU
Emacs, GNU C,
Perl (later
versions), MySQL

LGPL Similar to GNU GPL but allows linking of closed
source program with the open source code. Allows
for tighter integration with OS and CS products.
Intended mainly for software libraries.

OpenOffice.org,
JBoss,
glibc,Hibernate

BSD Allows closing the derivatives as well as mixing open
source and closed source software2.

FreeBSD, bind,

Apache Similar to BSD with exception of creating incentives
to send derivative work back to development
community by:
requiring licensee to give credit to Apache group
prohibiting closed source derivatives to use name
Apache without written permission3. No longer
references University of California as BSD does.

Apache products:
HTTP server,
Tomcat, Struts,
etc.

Mozilla Derivative of Netscape Public License – created after
Netscape decided to open its source code to public.
While NPL allows owners of the code to close code
derivatives and re-license them, Mozilla license does
not allow making modification private.

Mozilla web
browser

1Despite GNU GPL restrictions, it is perfectly legal for a closed source and OSS to reside on
the same physical volume.

2The only requirement is the authors of code derivatives are required to give credit to the
original copyright holders.

3While none of these statements are prohibitive enough against closing the derivatives, IBM
agreed on contributing to the core Apache development, indicating how attractive is Apache
trademark even for this software giant. The Apache software foundation is such a software
powerhouse that people like to use its name to promote their own software.

Under the LGPL license, both MySQL and OpenOffice contributors are asked to reassign
copyrights to MySQL AB and Sun Microsystems respectively. Sun utilizes this source code in
its product StarOffice. MySQL promised to never make any proprietary products. The
conditions of the license, however, allow purchasing of the license from MySQL AB. The
company will allow them to copyright reassignment to derive or produce a new product under a
different license, therefore allows dual licensing of the same code.

The GNU GPL license is the true open source license, requiring licensees to contribute back to
their communities the software derivatives and stop license owners from making proprietary
products from the original source code or its derivatives. These restrictions can be too
restraining for some commercial users who want to create derivatives of GNU GPL software.
The GNU-GPL terms and conditions are utilized by Linux, which makes it difficult for software
distributors to fork or close the source on their software derivatives.
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The second most popular license, BSD, is ideal for open source developers who want to have as
little constraints between the open source and the close source communities. The only true
restriction is to give “credit where credit is due”, as stated by the CEO of FreeBSD, Inc., Jordan
Hubbard [3]. Code developed under this license can be found in Sun, Windows NT and Mac OS
X operating systems.

The Apache license, similar to BSD does not stop licensees from closing the code, but maintains
that credit to the Apache would be given otherwise the licensee would not gain further benefits
from the Apache name.

The Open Source Initiative lists the terms and conditions as well as license templates at its site -
http://www.opensource.org/licenses/index.php.

OSS is often referred to as “free software”. The term “free” in this case indicates the freedom to
share and modify the source code and might not be necessarily related to the price paid for the
product. There are numerous “free of charge” software packages available which might be
distributed in their binary form. This type of software is called “shareware”. Freeware is a
crippled (on a time basis, functionality wise or otherwise) software available for free. This code
might or might not be distributed with the source code. TechRepublic [4] gives a good
description of various software distributions.

Why develop software under an open source license?

Intuitively, there are some major penalties to be paid by opening the source code to the public.
After all, most of today’s prosperous software companies made their fortune by developing
closed source licensed software. This is common knowledge, but what is less known is that OSS
provided the foundation of the Internet and software like: bind, sendmail, Apache web server
and Perl, which are still used to drive most of the Internet traffic today. Some of the benefits of
OSS are:

• Virtually unlimited pool of testers. Many articles promoting OSS would list unlimited pool
of developers as well. This is a common misconception. The truth is, the majority of
successful open source packages are developed by a relatively small and organized group of
developers [5]. The benefits come during testing where a popular open source site can attract
thousands of skilled testers. This is something that none of the closed source software
makers can compete with.

• Many companies pay enormous license fees to “buy insurance” from closed source software
companies from which they obtained their products. The license fees are not paid for the
software, as one would think, but for the “insurance” that the software they purchased will
work, because if it doesn’t work, the company has rights under the license agreement to
complain, ask for patches and fixes, or even sue. Even if the company became victorious
against the software vendor, the time that would be wasted in such disputes is not productive
and is unrecoverable. The majority of the OSS is freely distributed, giving the impression of
no such insurance. This software, however, provides even better risk avoidance, in the
source of the software code. Companies who invest the time in learning about the source
code will benefit from total freedom from the vendor, making modifications or bug fixes
themselves, instead of being dependent on the vendor. If protection and insurance is an
essential requirement, potential OSS adopters could utilize risk management services of
Open Source Risk Management [27] or legal services of Software Freedom Law Center
[28].

http://www.opensource.org/licenses/index.php
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• New software derivatives are based on well-tested and sound software, therefore improving
overall quality of new software from the start. Unlike proprietary code, OSS developers are
not driven by project timelines derived from availability of funds. Therefore, they have more
time to spend on tweaking and scrutinizing their code.

Why OSS for the enterprise - benefits?

The post bubble enterprise environment is characteristic of the increased pressure to reduce cost
and maximize returns on investments (ROI). IT sectors of many enterprises are often the first
organizations to be scrutinized. IT has therefore been transformed from aggressive profit driven,
to efficient and inventive with respect to not only cost, but also vendor independence, placing
higher demands on software vendors, reliability and interoperability of their products.

Open source provides answers to many questions CIOs are looking to resolve in today’s
business environment, including: cost, quality of their software, adherence to standards,
flexibility and transparency of software products.

Cost

Perhaps the most obvious benefit is derived from the common nickname of OSS – free. The
recent development trend of today’s leading open source companies indicates a shift towards
acquiring OSS products at a reduced price in comparison with their CSS counterparts.

The two most popular Linux distribution companies, RedHat and Novell (which acquired Suse),
offer enterprise level solutions, including support for a price similar to Microsoft products. They
both, however, provide an option of acquiring their cutting edge edition free of charge,
something that no other closed source operating system vendor provides. Many other popular
software packages remain freely available, including Apache web server, application servers
Tomcat and JBoss, and OpenOffice.org office productivity tools.

The remainder of this document provides a more detailed discussion of open source software
available at various tiers of the enterprise. Open source provides the number one benefit most of
the decision makers are interested in today – cost reduction. While cost reduction is quite
evident from the acquisition point, the total cost of ownership depends on many factors such as
organization readiness to change, suitability of the OSS replacement, long term IT strategy, etc.

This statement has been well documented especially when OSS is replacing existing Unix based
environments [6]. The results appear to be different when comparing OSS with Windows based
environments based on the Microsoft sponsored Forester study, which focused on a portal
environment [7]. Portal domain is not a strong forte for OSS, although Apache, through its
Jetspeed code, provides the foundation of the standard J2EE portal framework – JSR 168. If the
cost benefit in comparison with Microsoft products is questionable, it at least provides a
negotiation lever for companies to compete with ever increasing software prices [7].

Access To Source Code – transparency

Vendors of enterprise systems have historically used proprietary software as a lever to build and
lock in their customer base. There are some recent trends towards standardization to improve
interoperability through service oriented architecture and web services.  The adoption of these
architectural concept is still limited and the standards appear to be driven by only two
companies: Microsoft and IBM (CIO magazine). Customers are often placed in front of
choosing proprietary vendor implementations in order to improve security and performance.
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On the other hand, companies that adopt OSS are free to modify it, which allows a higher
degree of integration options on top of the standard APIs, web services, and other interfaces
usually built into any type of software. Access to the source code therefore gives companies
tremendous freedom from any type of vendor locking virtually unknown (excluding escrow
software) when dealing with closed source vendors. The degree of this freedom will be reduced
if the OSS vendor does not adhere to industry standards and virtually gives its users only two
options: depend on exclusive vendor support or built enough in-house technological intelligence
to become completely self sufficient.  This, together with transparency of the source code, is the
main reason why many foreign and local governments focused their attention away from
Microsoft products. This is the case of the governments of Israel [8], Taiwan [9], Germany [10],
local governments of the city of Munich [11], Germany, Austin, Texas [12] and Vienna [13], as
well as serious consideration of the government of the state California [14]. The main proponent
of the closed source software, Microsoft, has replied with a Shared Source Initiative [15], which
releases access to certain portions of the code. About 2000 companies are eligible to participate
in this program. An offshoot of this program is the Government Security Program, which allows
about 60 countries around the world and the United Nations, NATO and EU to view portions of
some of the Microsoft products source code [16].

Security

Open source development is subjected to the scrutiny of thousands of testers and a large number
of developers who are free to examine bugs and fix problems. This effort is virtually impossible
to mach in the proprietary software as it would be very laborious and time consuming. It is most
likely the strongest argument for the perceived security deficiency exposed by source code
availability.

Closed source software is driven based on market demands, which until recently included
business features before security. Gartner’s study [17] documents no correlation between
security and whether the software was developed in the closed corporate or open source
development environment. The quality is determined by how structured the development
process is and how rigorous is the testing.

This main benefit can bring problems as well. The fact that the software source code is open to
many users for review or modification provides more opportunities for malicious users to
integrate Trojan horses, which will be distributed on end user machines with the next upgrade.
The open source community is therefore more susceptible to this type of attack if project
managers do not verify the identities of their contributors.

Perhaps the most known examples of OSS are operating systems like Linux and FreeBSD.
These are Unix-like systems, which rely on user and group level permissions. Only software
that belongs to a certain group or is executed by a certain user can run using this OS. This basic
feature makes it less susceptible to viruses than Microsoft Windows OSs, especially the older
versions. In addition, there are only hundreds of known viruses that run on Linux, which is only
a fraction of the number of known Windows viruses [18]. This is likely to change as Linux gains
momentum and becomes more of a mainstream application.

Some open source products are geared towards users with substantial security requirements.
FreeBSD and Qmail are just some of the many. For example, there used be a security contest
announced to break qmail. Wide adoption of OSS in many areas of United States Department of
Defense (DOD), including security, is a proof of maturity and reliability of many OSS products
[19].
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Quality

Software produced by some open source vendors is designed through metrics and technocratic
processes. The myth that thousands of developers are working on an OSS was disclaimed earlier
in this paper. Instead, the well-managed projects are results of a few dedicated, well-respected,
highly technical individuals driven by the merits of their work, not marketing pressures. The
large development base of many open source projects is utilized mainly for testing, Q&A,
documentation and localization (internationalization) of code already developed. Metrics and
technocratic processes provide a solid foundation for producing high quality software virtually
unmatched in the closed source environment. Gartner [20] analysts give Apache Software
Foundation (ASF) as an example of this type of software management. This once again
disproves the theory of 10 000 monkeys with typewriters completing a novel.

Not all OSS vendors adhere to these strict technocratic principles. Technology decision makers
should pay close attention to quality signs such as: version history, management team, and
adherence to industry standards, etc.

Hardware Flexibility

OSS is developed in these dominant languages: C and C++, Java, and PHP. Most of these
languages have been ported to multiple platforms, ranging from mainframe computers to laptops
and PDAs. This makes the portability of the software available on these platforms easier. In the
case of complex applications and operating system like Linux – many were ported to multitude
of hardware platforms. As a matter of fact, Linux’s greatest strength is that it runs on a wide
range of hardware and its distributions are supported by most of the major hardware
manufacturers including Dell, HP, IBM, Sun and others. Apple’s compatibility with Unix based
graphical applications (X11) has been well proven since the introduction of MAC X, which
offers a complete X Windows System implementation for running X11 based applications.
Furthermore, since the quality of the OS software has been refined through numerous iterations
in the open source community and tested by a wide range of testers, this software is more
efficient in its use of hardware resources. Switching to OSS reduces the necessity of always
having the “latest and greatest hardware”, allowing IT assets a longer useful service life.
Hardware flexibility is crucial as companies no longer have to invest in two distinct
architectures (e.g. Intel and Risc); further reducing operating expenses.

What are the challenges?

Despite many benefits, open source technologies are still not widely accepted by CIOs and
CTOs of many major enterprises. Maturity, legally untested and strict open source license
restrictions, lack of applications and a high learning curve for some enterprises are likely the
main risk factors.

Maturity

While OSS has become a dominant force in the server market (file and print sharing, web and
application servers) its acceptance in the desktop environment is still limited. While the existing
investments in the proprietary software could be considered as the main reason, the lack of
mature desktop applications is apparent. There are not that many real mature desktop
applications that could compete with the rich plethora of software products available for Mac or
Windows.
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Support

Slow rollout of applications by major software vendors is one of the major risk factors OSS is
facing today. Although IBM is employing 250 open source developers for Linux, and Novell
acquired Suse – the second most popular Linux distributor, support of other open source
products is likely to face difficulties in years to come. Companies should be careful and focus
their evaluation on developer base, management staff, and release cycles of any open source
application they are to put in their production environments.

Since the software acquisition cost is only a small fraction (3-5% according to Microsoft) of the
total cost of ownership, companies are looking at the support, training, and maintenance costs as
the decision factor between software vendors. This is where some of the OSS find either real or
perceived challenges, while others, like JBoss, find it an opportunity for growth.

On the other hand, the software industry observed some successful business models developed
from OSS products. Perhaps the best example is the number one Linux distributor RedHat.
RedHat has two levels of software bundling and support [21] that ranges from per pay -
enterprise level, which includes 24/7 support, to a free Fedora bundle that releases cutting edge
technology, but lacks enterprise stability, relaying on Fedora community forums as its only
source of support. Another good example of capitalization on training and support is JBoss. The
company that produces one of the best J2EE application servers charges nothing for its
acquisition and installation, but employs all of its developers in 50% customer support
engagements [5].

This is perhaps the best example of what “free” really means – free access to the source code.

Nevertheless, support might be problematic, especially when choosing an open source package
that needs to integrate with your legacy applications. Another problematic area is support of not
popular – unique applications. While today there is almost no one who would dispute the bounty
of various levels of support, including newsgroups and published books for popular applications
like Linux and Apache, support for less known applications (e.g. fast growing accounting
application SQL-Ledger www.sql-ledger.org) is more modest.

Migration

Replacing old technology with a new one is always a challenging task. Not only from the initial
cost perspective, but also from the internal pressure and resistance to adapt new technologies as
well as the initial increased cost of maintenance and support during the interim period when the
company needs to support two sets of technologies, the old one and the new one.

Migration to open source products could also be challenging. The first step is to choose
applications with well-established support. It helps if the product is a mainstream popular
application. It is important for companies to realize the gap their technologies need to close
when adapting open source technologies. This gap will be smaller, almost negligible, when
replacing Unix with Linux or FreeBSD. A substantially higher learning curve is to be expected
when replacing Microsoft technologies with open source applications. This type of migration is
likely to receive substantial political resistance from long-term supporters of Microsoft
technologies.

http://www.sql-ledger.org/
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Legal Issues

SCO, formerly Caldera, filed a lawsuit against IBM alleging that IBM used Unix proprietary
code in Linux thus violating license agreements with SCO. The trade secrets claimed has been
dropped but the copyright infringements grew to significant dimensions against IBM and all
companies using Linux. IBM’s defense is based on allegations that SCO has used GPL
protected software in their own code. SCO is in fact one of the founding members of GPL based
UnitedLinux.

This is a significant event in the history of the open source movement, which will test not only
Linux, but the validity of licensing under GNU GPL. SCO is attacking software developed
under GPL as being among other things, unconstitutional [21]. Some software vendors have
already indemnified their clients [22].

On the other hand, OSS is not the only company facing legal disputes. The CSS cornerstone -
Microsoft, is facing numerous acquisitions (Internet Explorer antitrust suit, Real vs. Microsoft
[23])).

Patent rights claims are a new developing trend in the software industry that could be potentially
damaging for both open and closed software vendors. The impact might be more harmful for
OSS vendors due to the lack of legal force and potential for indemnification of their clients in
the case of legal claims. Indemnification by many closed source corporations, however, has
boundaries as well, frequently restricted to the cost of a license only and not including legal fees
and penalties [24]. As CSS vendors become more squeezed of their profits, the legal pressure on
their OSS competition is likely to increase.

Lack of Applications

A set of closed source applications developed for Microsoft, or even the Unix platform,
currently outranks the number of open source applications of similar maturity. Although Linux
has been widely utilized for over 10 years, the increased number of applications supporting this
open source platform has just recently become more evident.

Popular software management sites like sourceforge.net lists thousands of projects, the maturity
of which needs to be carefully evaluated. Novell has recently become a leader among OSS
vendors, especially after acquiring Linux distributor #2 Suse. Novell has created another
repository of open source project: forge.novell.com.

While OSS takes advantage of the most popular languages: PHP, Perl, Python, Java and HTML,
the .NET OSS implementation is still not as mature and therefore the community is
predominantly Java/PHP/Linux centric.

Ximian, a company acquired by Novell at the end of 2003, has launched project Mono, whose
purpose is to create an open source version of Microsoft’s .NET development platform. This
project’s roadmap [25] documents release cycles of major project milestones, with the first
release completed on June 30, 2004. The project timelines and dependency on Microsoft make it
a high risk for enterprise development. Microsoft’s announcement of no short-term plans for
porting their office productivity applications to Linux [26] indicates that further application
development will happen without Microsoft.
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Conclusions

OSS products and their wide following by many developers, testers, and other supporters have
created a considerable threat to proprietary software industries. This vigorous support and
enthusiasm will need to generate commercial success in order to survive. It appears that the
software hybrids, CSS run on Linux, is more likely to reach this stable plateau in favor of the
pure OSS applications. Will the hybrid software makers be able to generate enough excitement
to attract hundreds and thousands of testers that other popular OSS packages such as Linux,
Apache servers, and JBoss are already accustomed to? Because it is the excitement of the OSS
community focused on rigorous development practices and rapid implementation that drives the
quality to the highest levels. This is why Tomcat and JBoss outnumber the volume of CSS
downloads in J2EE server space and became de-facto reference implementation for new J2EE
standards. In fact, their popularity helps in greater acceptance of J2EE standards by allowing
developers and consumers to reuse this software free of charge immediately after they download
it from their vendor sites, instead of waiting for lengthy legal and business contract negotiations
often associated with proprietary software.

High accessibility rate to people around the world contributes not only to the overall quality of
the software, but also to the large user base. This makes OSS a more affordable alternative for
building new applications. Will this yield a further draw of jobs from Europe and USA to less
expensive countries or will this result in wider adaptation of technologies by industries for
which CSS technology would be otherwise prohibitively expensive? This might stimulate the
overall IT market, especially hardware manufacturing. Small US and European companies will
likely embrace OSS products providing them with a competitive edge they would not be able to
attain otherwise. Larger companies could turn the cost savings gained from un-purchased
licenses for CSS to training and recruiting high quality engineers and still benefit from in-house
development as opposed to saving money on off-shoring their IT and development teams. High
quality technical staff is essential for acceptance of OSS products. Developers or users of these
technologies are more often left to do their own research via newsgroups or tracing the code
when trying to resolve their technical problems. This hacker-like (used in positive sense)
approach is essential to the successful adaptation of OSS at the enterprise level.

Will this effort really stop offshoring software development to other countries? The primary
reasons for offshoring are (in order of importance): application development maturity, lack of
qualified domestic resources, and the ever increasing struggle to increase profit margins in a
shattered economy. Application development readiness for offshoring is a sign of being able to
build applications from components. Software giants such as Microsoft and IBM are building
the plumbing in the form of .NET and J2EE frameworks bridging the gap between high level
design and low level implementation. OSS vendors are equal partners. Two excellent examples
are Apache software foundation and JBoss. Apache with its many popular products such as
Struts, Log4j, Http web server and Tomcat. JBoss with its application server and
object/relational mapping tool Hibernate. While the development of the plumbing components
will remain location agnostic with inclination towards cheap labor countries at least for the CSS
manufacturers, the implementation of these components will remain country specific allowing
software architects and skillful business analysts to provide solutions otherwise possible only by
a team of expensive software developers.

The future of pure OSS depends on many factors, one of the most important one is financial
viability of their business model. If consulting, training and support are to remain the only
revenue generating income, OSS companies will be lean small and medium size enterprises with
a massive and productive staff of engineers and small marketing departments. Marketing will
solely depend on its popularity spread by thousands of testers and code contributors evaluating
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OSS packages. Companies making JBoss and MySQL are typical representatives in this
category.

Another option is to become a company that packages proprietary and open source software
generating revenue on licensing and support. The popular Linux distributor Red Hat is
generating enough attention on Wall Street. An additional proponent of this model is Linspire
(formerly Lindows) a leader in the Linux on desktop movement.

A further source of revenue for OSS vendors is the ability to dual license their products. This
right is given to the original software vendors and allows companies to license the same code
base, otherwise offered under the open source umbrella, under a closed source agreement.
Companies such as Tripwire and MySQL are two companies utilizing this option.

Despite many battles waiting ahead, OSS is here to stay. At minimum, it provides one more
option to choose from for companies and individuals, and often a necessary leverage to be used
in license negotiations with the CSS vendors.
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Cataloguing and Reuse of Software Assets Using the MKS Integrity
Solution. Are you looking to reduce the risk and time involved
in reusing software assets? Do you need greater visibility for
assets and a way to make them more easily accessible across the
enterprise? This paper explains a practical system to catalogue
assets in a repository and make them available for reuse in a
scalable manner using the MKS Integrity Solution. With MKS you
can also address the issues of managing and tracking reuse as
well as publishing the catalogue in different forms for

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

Sparx Systems releases Enterprise Architect v4.51. Enterprise
Architect is the flexible, complete and powerful modeling tool
that supports all 13 diagrams of the UML 2.0. Version 4.51
features enhanced Pattern and Profile construction, Instant
Help, plus support for PHP5, Java1.5 and C# 2.0. For further
information on EA v4.51 and to download your Free Trial visit

http://www.sparxsystems.com.au

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

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

http://www.mks.com/go/mtjancataloging
http://www.sparxsystems.com.au/
http://www.woodpecker-it.com/en/
http://www.red-gate.com/dotnet/summary.htm
http://www.adminitrack.com/
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Analyst Pro is an affordable, simple, powerful, and easy-to-use
requirements tracking and management tool. It provides effective
requirements tracking, importing, exporting, diagramming, and
baselining. It also provides a traceability matrix to easily and
efficiently show the impact of changing requirements on the
system and process as a whole.

www.analysttool.com

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
35'000 registered readers, web-savvy software developers and
project managers worldwide with a classified advertisement in
Methods & Tools. Without counting the 1000s that download the
issue each month without being registered and the 10'000
visitors/month of our web sites! To advertise in this section or
to place a page ad simply go to

www.methodsandtools.com/advertise.html
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