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Project Management or Project Administration?

In this issue, Stuart James Woodward presents a set of techniques to manage software
development projects. For many of us, project is the main process used to perform our
professional activities, but even if many companies dedicate important resources to create
successful projects, there are a lot of horror stories about failures. Why? In my opinion, this is
because most of the efforts are targeted towards project administration and not to improve the
spirit with which projects are managed. As mentioned in the article of Stuart James Woodward,
functions prevail over objectives.

The story usually goes this way: in a specific organisation, projects are failing (missed deadline,
budget overrun or unusable product) at a rate superior to what the top management can bear.
The solution seems obvious: put in place better procedures to manage and control projects.
Usually some consultants will implement a new project management approach. They specify
new documents and software tools to manage the projects. Theoretically, the management now
has more tools and data to control the software development projects and this should help to
detect earlier the problems faced by projects. In practice, the results are slightly different,
because project management is still considered as a function to perform and not a process.
Projects are initially planned, but then the planning is not modified to adjust to changing
requirements or workload. The consumption of resources dedicated to activities is registered,
but if a task needs more efforts than planned, it will not be visible. The project manager will
rather appropriate part of the budget allocated to other tasks. It is therefore impossible to know
what has been estimated accurately, which activities are significantly under- or over-estimated,
or if a task is completed.

In this environment, the company will have no means to learn meaningful lessons from past
projects. The control of current projects is also jeopardised, as the vision obtained from declared
data is often very different from the reality of the project. With the objective of improving
project success, the organisation ends generally only with an administrative overhead that will
further penalise the efficiency of its software development process. It is not useful to have a
project plan if it was created only to fill a section of a project proposal document.
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.NET Uncovered

Dan Brown, Dunstan Thomas Consulting
http://consulting.dthomas.co.uk

Summary

.NET has been available officially for over a year now and there is a good chance you would
have already come across Microsoft’s marketing campaign for .NET. Well, Microsoft has built
its whole vision and strategy around .NET and it is now supported in some way by most of
Microsoft’s key products. It’s not going to go away, so if we don’t already have an
understanding of Microsoft’s latest offering it is about time we understood a bit more about it
and how .NET might benefit us.

In this article I shall try to demystify the .NET framework by taking a look of the evolution of
Windows DNA to the .NET and how it ties in to the .NET enterprise Server products, Building
Block Services to the Microsoft’s brand new development environment Visual Studio.NET
itself. I shall then evaluate Visual Studios.NET client side and server side tools compared to that
of its competitors. Finally I shall round up this paper with some of the known issues regarding
the .NET platform.

.NET Evolution

In 1999 Microsoft introduced its Windows Distributed interNet Application (DNA) architecture
with the imminent arrival of Windows 2000.  This was essentially an architecture which
described how to build three tier applications based on the model shown in figure 1 below.

Figure 1: DNA Architecture

Then back in July 2001 Microsoft unveiled the entirely new .NET platform which was to build
extensively on the Windows DNA architecture by introducing a host of new technologies and
languages.
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The .NET infrastructure is now being incorporated into Microsoft’s mainstream server,
operating systems, and desktop products. The first operating system to incorporate some of the
.NET elements is Windows XP with the introduction of the .NET passport. Looking ahead we
will eventually see Windows .NET Server 2003, Windows.NET (codenamed Longhorn) and
Office.NET all providing integrated support for the .NET building blocks and web services.

The .NET Vision

Microsoft Describes .NET as:
“… a set of technologies designed to transform the Internet into a full-scale distributed
computing platform. It provides new ways to build applications from collections of Web
Services. The .NET Platform fully supports the existing Internet infrastructure, including
HTTP, XML, and SOAP.”

Therefore Microsoft is now sending us the vision that the Internet will be made up of a countless
number of interoperable Web applications.  This was originally described as “renting software
across the web”, where instead of a software application being installed locally onto a
consumers PC it will be fed to the client in the form of HTML, XML and SOAP by the means of
web service on a remote computer.

So what exactly is .NET then again?

We now have some idea of the .NET evolution and .NET vision, but surely .NET is a whole lot
more than web services?

Well fortunately yes it is, Microsoft’s vision has extended way beyond distributed web-based
interoperability and .NET now boasts a consistent, language independent object orientated
programming model across every tier of an application.

Figure 2: .NET Platform

This amounts to a set of common services that can be accessed from a variety of object
languages. These services will now be executed by intermediate code which is independent of
the underlying architecture, providing transparent and seamless interoperability between a
variety of technologies and industry standard Internet protocols.
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Advertisement – Achieving Software Excellence

www.davidconsultinggroup.com

The David Consulting Group (DCG), an SEI CMMI® Approved Transition Partner, supports
software development organizations in achieving software excellence with a metric-centered
approach. DCG supports a diverse client mix by providing consulting services and training that
satisfy organizational business objectives. Insights into successful software practices are
enabled through their database of over 7,400 recently completed (2000-2003) projects and
4,300 maintenance support applications.

Software Application Development and Maintenance (AD/M) Measurement
Functional Sizing, Performance Baselining, Industry Benchmark Comparisons,
Maintenance Portfolio Evaluation, IT Scorecards, Measurement Program Development;
Training and Mentoring in Function Point Analysis, Estimation and PSM

Software Process Improvement
SEI CMM®, CMMI®, CBA/IPI and SCAMPI Assessments; Procedure Templates for
Peer Reviews, Testing, Lifecycle, SQA, Requirements Management, Estimating and
Project Management; Training and Mentoring in all Level 2 and Level 3 Process Areas

Outsourcing Metrics and Governance
Establishing & Monitoring Service Levels, Vendor Selection, Offshore Development
Governance

The principals, David Garmus and David Herron, are acknowledged authorities in the
measurement, estimation and management of AD/M activities. They authored Measuring The
Software Process; A Practical Guide To Functional Measurements (Prentice Hall) and Function
Point Analysis: Measurement Practices for Successful Software Projects (Addison-Wesley).

Contact: Tony Timbol, Solutions Development 904-287-0294 Mobile: 904-614-0931 Fax 904-287-0544
241 Maplewood Drive, Jacksonville, FL 32259        ttimbol@davidconsultinggroup.com
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The .NET Platform

Now we have an idea of the .NET architecture as a whole and a rough idea of how it fairs
against it competitors, let’s take a closer look at the products and technologies that it consists of.

At the highest level, the .NET platform includes:

• .NET Framework

• .NET Building Block Services

• .NET Enterprise Servers

• Visual Studio .NET

The .NET Framework

The .NET framework is based on the Common Language Runtime libraries which are available
to any of the .NET languages, across all tiers of any application. The CLR also means that
Microsoft has abandoned Intel x86 code in favour of an intermediate language known as MSIL
(Microsoft Intermediate language) therefore applications will no longer be dependant on the
popular WinTel (Windows and Intel) Platform.

Advertisement – Are you still Hand-coding your Database Layer?

https://home.ironspeed.com/10088/Custom/HtmlDialogs/GetStarted.asp?id=6130115
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Components of the .NET framework include:

• Common language runtime

• .NET Framework Class Library

• ADO.NET

• ASP.NET

Common Language Runtime

The Common Language Runtime (CLR) is a new runtime environment that manages resources
and monitors application execution. The CLR is similar to the Java Virtual Machine in that it
takes charge of resource management tasks such as memory allocation and garbage collection,
security and application installation. It also ensures the necessary abstraction between the
operating system and the application.

Previously Microsoft provided a means of object integration via COM. This is now made
simpler with the CLR since components are now built on a common substrate; no additional
plumbing is required as was the case with COM and objects can now directly interact. The table
below outlines the key differences between COM and the CLR.

COM CLR
Operating System Registration Self Described
GUIDS Hierarchical Namespaces
IDL Files Unified Object Model
HRESULTs Structured Exception Handling
Iunknown Common Root Namespace Object
Reference Counting (AddRef/Release) Garbage Collector
CoCreateInstance New Operator

Figure 3: COM vs. CLR

Eventually with the CLR, you will not have to distribute run time libraries as was the case with
VB; these will be pre-installed on future versions of Microsoft Windows.

.NET Framework Class Library

The .NET Framework Class library is an extensive and comprehensive collection of object
orientated (OO) classes that closely integrates with the CLR. The library contains a multitude of
classes that allow us to work with the operating system, files, data, web and services to drawing
and user interface components to name but a few. Also being fully OO developers can now
inherit and derive functionality in their own classes. These will all integrate nice and seamlessly
with existing classes in the .NET Framework. Figure 4 shows some of the key classes available
that descend from the system namespace.
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Figure 4: Snapshot of key base system classes

ADO.NET

ADO.NET, the successor to ADO has a completely revised object model which caches in on all
the benefits of the objected orientated class hierarchy. This makes extensive use of inheritance
and namespaces and therefore provides a more flexible solution for data access and
manipulation. Figure 5 below illustrates some of the descendants of the System.Data
namespace.

Figure 5: System.Data namespace

Key ADO.NET Classes

• DataSet – A dataset can be seen conceptually as a database in that it contains tables,
rows and columns.  Disconnected by nature, this class works in combination with the
DataAdapter class.

• DataAdapter – Provides connection and transaction logic for populating a DataSet and
propagating updates back to the database.

• DataReader – A connected read-only forward operating record set designed for reading
data sequentially from the database.

Unfortunately for those used to the previous ADO object model, we have to familiar ourselves
with a new set of classes. However these are in fact a lot simpler and easier to work with than
the previous object model. A slight conceptual shift between the old “Connection” and
“RecordSet” classes to the “DataAdapter” and “DataSet” will quickly get you on track.
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Key features of ADO.NET include:

• Improved support for the disconnected data model, the new DataSet class, by design, is
disconnected at all times.

• Explicit control of data access behavior. Previously the implicit behavior of ADO was not
always suited to a particular application or scenario. Now well defined factored components
with predictable performance, behavior and semantics enable scenarios to be addressed in an
optimal manner.

• Better XML integration: ADO.NET was designed from the ground up to fundamentally
integrate and leverage XML.

All in all ADO.NET has been simplified and certainly made more consistent to use over its
predecessor. No great additions in terms of new features, however an improvement none the
less.

ASP.NET

ASP.NET represents a giant leap over ASP. It provides a true language neutral framework of
execution unlike its predecessor which was limited to non typed languages such as VBScript or
JScript. ASP.NET also introduces a real component model (see Figure 6), with server side
controls and a new event driven execution model which is very similar to the RAD offering in
previous versions of Visual Basic.

Figure6: System.Web namespace

This means that working with ASP.NET is now much simpler and requires far less code.
Remember ASP, huge scripts combining a mixture of spaghetti code managing output, state,
HTML and farming out client side scripts for data validation. This is no longer the case with
ASP.NET since it offers built in state management, validation and true separation of code and
content. See Figure 7 below for a further comparison of ASP and ASP.NET.
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ASP ASP.NET
Interpreted Compiled
State Management implemented by
programmer

State Management built in

Variants, late binding Strongly typed, early binding
VBScript Any .NET Language
Response.Write of HTML WebForms
Client Side Scripting Event Driven Validation and Server

Controls
DLL Locking DLL’s updated without Restart of IIS
Debugging difficult Debugging a lot easier

Figure 7: ASP vs. ASP.NET

After a brief tour of the .NET Framework I shall return to the key elements of the .NET
Platform by continuing with a look at the .NET building block services and .NET Enterprise
servers.

.NET Building Block Services

.NET building block services are a programmable user centric set of XML distributed services
that can be used from any platform that supports SOAP. Building block services include
Passport for user identification and other services for message delivery, file storage, user
preference management, notification, directory, and search or software delivery.

.NET building block services are dependent on:

• SOAP – Simple Object Access Protocol. XML Services implemented by SOAP allow
applications to share data as well as invoke methods and properties of other remote
applications without any prior knowledge of the remote applications architecture.

• XML - Extensible Mark-up Language. A self-describing and data centric plain text mark-up
language that can be easily interpreted and rendered.

.NET Enterprise Servers

The .NET Enterprise Servers consist of a range of .NET branded infrastructure/server
applications optimised for utilising .NET building block services (described above) and
building, deploying and managing data and XML web services within the .NET platform. These
include business process, data, scale-out and integration services and solutions such as:

• Application Center 2000

• BizTalk Server 2000

• Host Integration Server 2000

• Mobile Information Server 2001

• SQL Server 2000

Application Center 2000

Application Centre 2000 is a Web-scaling management tool that allows easy set-up,
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configuration and load balancing of server arrays or clusters. Application Centre is integral for
enterprise deployment of Windows 2000 utilising the .NET platform. It provides increased
application availability and speed by allowing the packaging and rollout of .NET applications to
every single server in an array as easily as updating one computer.

Furthermore, Application Centre offers a wizard driven set-up, allowing configuration with
minimal technical expertise. It even goes on to provide in-depth monitoring, automatic
correction and reporting of every server in the array. On the downside, although Microsoft has
provided an API allowing third party integration, the number of vendors currently integrating
with Application Centre is limited (watch this space).

BizTalk Server 2000

BizTalk Server provides a mechanism for partners or applications to exchange data within B2B
transactions. It is based on tried and tested Microsoft products such as Windows 2000, SQL
Server, IIS/ASP and Visio 2000.

BizTalk offers a number of integration services designed to provide routing of data streams
between applications, interpretation and transformation of varying data formats and the tracking
and protection of data. This is achieved by graphically defining rules and building blocks which
support:

• FTP, HTTP, HTTPs, SMTP and COM+

• Message services

• File exchange

• Management of distributed transactions

• XML parsing and transformation

• Data persistence and archiving

• Graphical representation of exchanges

• Administration of services

Despite the fact that BizTalk supports HTTP, which guarantees a high level of data
interoperability, it has a number of limits where connectivity is concerned. Services may be
managed via COM+ and conforms to the tenant that a Microsoft Product communicates well
with Microsoft products. Similarity to Application Centre, Microsoft has exposed an API,
however left it up to third parties to write connectors to make use of this. Therefore at this time
BizTalk Sever cannot natively invoke a method on a SAP business object for example.

Host Integration Server 2000

Host Integration Server 2000 allows data from legacy mainframe systems to be used in modern
windows and .NET based applications. This is particularly attractive for big companies who
have made a significant investment in legacy transaction based systems such as IBM’s CICS or
MQSeries running on an AS/400 for instance.

Therefore Host Integration Server allows these assets and the often valuable data stored on them
to be utilised in a modern environment. This task is made somewhat trivial since you work with
ODBC or OLE DB drivers and is almost as straight foreword as reading data from an access
database.  These data integration components let you connect to mainframes, AS/400s, UNIX
and Windows 2000/NT. Drivers are provided naturally for SQL Server and DB/2 as well as
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MTS, COM+, IBM CICS, VSAM and IMS.

Host Integration Server as its name suggests, will also integrate well with other Microsoft
products such as BizTalk Server, ADO and SQL Server via Data Transformation Services
(DTS)

Mobile Information Server 2001

Microsoft has rightly anticipated the increasing demand for information on the move and the
need to deliver corporate and intranet information to mobile devices. Enter Mobile Information
Server 2001, which has been designed to do just that. Mobile Information Server links into
Microsoft Exchange, but will not only just offer mobile email access, but the full suit of
exchange services such as contact management, calendaring, accounting and application such as
customer relationship management (CRM).

Mobile Information Server utilizes the internet to send data to a mobile phone carrier, which in
turn reformats the data so that it is compatible for a mobile phone. This is also provided real
time, therefore if you were to delete an email in your mobile inbox, it will be deleted from the
remote exchange server. Similarly if a calendar appointment has been re-scheduled by an
administrative assistant back at the office, the mobile device and user will know about this
immediately.

SQL Server 2000

Microsoft has been working on a dream Relation Database Management System (RDBMS)
since the mid 1990’s and SQL Server 2000 represents the culmination over almost a decades
work and evolution. To fulfil part of .NET’s strategy, it leverages on SQL Server 7 and the
recent take up of XML to provide a complete set of management and distributed data analysis
services.

With a maximum database size of around 1,000,000 terabytes, up to 16 instances of SQL Server
can run on a single machine or a machine with up to 32 processors for a single instance. SQL
Servers can also be web enabled, linked, scaled, partitioned, replicated, analyzed or transformed
and now amounts to a feature rich, viable and more affordable alternative to DB2 or Oracle.

In the future we can expect to see a new 64 bit version SQL Server which will utilize the new 64
bit Windows .NET Server 2003. We can also expect a new product codenamed “Jupiter” which
will combine Microsoft’s BizTalk Server with Microsoft Commerce Server and Microsoft
Content Management Server.

That concludes my round up of .NET Enterprise servers, next I shall take a look at the last facet
of the .NET framework, Visual Studio.NET.

Visual Studio .NET

Microsoft has greatly advanced Visual Studio so that programmers have a greater choice of
languages and more powerful tools when it comes to building .NET applications. Visual
Studio.NET development environments include:

• Visual Basic.NET

• Visual C++ .NET
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• Visual C# .NET

• JScript .NET

Visual Studio.NET includes vast enhancements over its predecessor Visual Studio ranging from
a completely revamped Visual Basic.NET to the introduction of a new language Visual
C#.NET. In the future we can also expect a Visual Studio .NET 2003 which will also contain
Visual J# .NET. Some of the most notable changes to Visual Studio.NET over its predecessor
are contained within Visual Basic.NET, Visual C#.NET and JScript.NET.

Visual Basic.NET represents some of the most dramatic changes in the release of Visual
Studio.NET. Not only is it fully integrated with the .NET framework and fully object orientated
but it also now boasts some of the greatest enhancements in the Visual Basic language since its
conception.

Visual C#.NET (pronounced C-Sharp) is a completely new language which derives from C and
C++ and is said to be as flexible as Visual Basic and as Powerful as C++.

The most dramatic change for JScript in .NET is that it is now a compiled language offering
obvious performance benefits. JScript, also being part of .NET automatically benefits from all
the other goodies .NET offers.

Client Side: Visual Studio.Net vs. other development tools

Unfortunately long gone are the raging debates between C++, Java, Delphi and VB. With the
onset of the .NET revolution on the windows platform; the framework, server products, richness
and flexibility of Visual Studio.NET is such a comprehensive and integrated beast it has really
pushed the competition into their own respective niches. So what options are available and what
can compete with this monolithic creature. The main contenders on the Windows platform are:

• Visual Basic

• C++

• Java

• Delphi

• Thin Clients (HTML)

Visual Basic

The pioneer of RAD and office integration, Visual Basic in its day was one of the quickest and
easiest tools for integrated windows client server and COM development. With the onset of
Visual Studio.NET and the announcement that VB 6 support will now only be provided for a
limited period of time. Many companies and developers who embraced VB are slowly but
surely adopting Visual Studio.NET.

C++

C++, the pioneer of windows object orientated COM development is now superseded by the
latest variant C#.NET. C++ despite being a significantly richer and more powerful than Visual
Basic, was never any good at user interface design and event driven RAD programming. Interest
therefore initially turned to Visual Basic and Delphi while server side developers moved to Java.
As a result, enthusiasm, skills and new development with C++ have pretty much dwindled.
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Java

Java development tools such as Borland JBuilder still have a fighting chance. Java is the king of
platform independence and has great business and community support. The fact that it is truly
platform independent is its main strength over Visual Studio.NET, however although its main
strength, it also currently spells its main weakness on windows platforms (which account for
99% of the operating systems out there). This is currently because of the lack of shell integration
and instantly recognisable user interface controls which are typically not consistent with the
windows look and feel.

Delphi

Delphi was once one of the most powerful object oriented RAD development tools available and
the only real competition to Visual Studio.NET on the client today. Delphi boasts Linux support
via Kylix, a well established OO language, an extensive Visual Component Library (VCL) a
massive community following and has been subscribed to heavily by many businesses. Delphi 7
is the only alternative which supports the .NET Framework in some way; currently in Delphi 7
you have access to .NET Framework Class Library, with further more tightly integrated support
promised in future versions.

Borland although supporting ADO and XML with Delphi, has always pushed its own
proprietary means of data access (BDE, DataSnap) and less popular distributed / web
programming technologies server side (WebSnap, MIDAS, CGI, ISAPI). Since the arrival of the
Visual Studio.NET, Borland seems to have retreated into its own corner.  Instead of competing
head on with Microsoft as was the days with Visual Basic, Borland are now promising closer
integration then a re-focus on other products in their portfolio. Unfortunately I, like many
others, fear that Delphi’s days are numbered.

Thin Clients (HTML)

The final alternative to consider is thin clients. Browser based solutions have their place,
however building complex usable user interfaces using HTML or even DHTML is no easy task.
This often amounts to overly complicated code and client side scripting which could simply be
avoided if another tool had been chosen. This route will often result in the consideration for
ActiveX controls to provide more usable functionality. This however in itself results in
additional considerations and almost defeats the purpose of a thin client. On the upside browser
based solutions are obviously a lot more lightweight, development tools are considerably
cheaper due to lack of sophistication and similarly to Java, a thin client is not simply going to be
restricted to the windows platform.

Server Side: .NET Platform vs. J2EE

Taking a look at the .NET Framework and its competition server side is a similar storey. The
only real competition here is Java 2 Enterprise Edition (J2EE). A comparison could be summed
up as platform independence vs. features, integration and marketing clout.

After the days of an inferior flagship language (VB), accusations over stability (Windows) and
security (IIS) Microsoft has taken a lot of its inspiration from other existing platforms such as
J2EE and CORBA and is now presenting the .NET platform as a viable alternative in order to
attract customers and developers back to the windows platform.
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Comparing .NET with J2EE for instance provides a compelling case for customers and
developers to do just that. Figure 8 below outlines the key differences between these two server
side alternatives.

.NET Platform J2EE Key Differences
Product Specification J2EE is a specification licensed to other vendors,

whereas .NET is a product.
Multi Language Java .NET is language and hardware independent and

Platform specific (until further updates). Whereas
JAVA is language specific and platform
independent.

.NET Common
Components

Java Core API .NET Components include greater support for
distributed computing including SOAP and XML,
and access to local windows API including, IO,
Security, Registry etc

Common
Language
Runtime (CLR)

Java Virtual
Machine
(JVM), CORBA
IDL & ORB

.NET CLR allows multiple languages to use
shared set of components on the .NET Platform.

CORBA also allows multiple languages to use a
shared set of components and on any platform
with an Object Request Broker (ORB).

JVM allows Java to be run on any platform.
Active Server
Pages
(ASP.NET)

Java Server
Pages (JSP)

ASP + will now use multiple languages (VB, C#
etc) and COM references and compile into native
code through the CLR as opposed to being
interpreted at request time like the former ASP.

Whereas JSP's use Java code and Java Bean
references compiled into Java bytecodes.

Win/Web forms. Java Swing /
AWT

.NET Win and Web forms in MS Visual Studio

.NET offer RAD development also in a stateless
web environment.

ADO.NET JDBC ADO.NET built on XML data exchange between
layers of multi tier applications and remote data
objects using HTTP and SOAP but also dependant
on .NET Platform.

JDBC cross platform.

Web Services
based on SOAP

EJB, Java XML
Libraries

.NET’s web services are generally built on the
XML/SOAP messaging model.

Where as J2EE leaves the developer to choose the
data interchange protocol, however XML missing
from formal specification and no native support
for SOAP.

Figure 8: .NET Platform vs. J2EE
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Advertisement – XML Parsing Solution

.NET Known Issues

All in all it seems Microsoft has provided a convincing architecture, platform and product set to
allow us all to start building .NET applications. Though unfortunately with any new platform
there are a number of issues that might arise when adopting and migrating to .NET. Some of the
issues that have been observed so far include:

• Performance Issues – The monitoring of managed code by the CLR comes at a price,
Microsoft admits we can expect a performance slip by at least 10%

• Cross Platform Support – The .NET framework is only currently available for Windows
platforms, though theoretically the CLR should work on other operating systems at a later
date.

• Transparency of Source Code – Disassembled bytecode in the intermediate layer will look
very much like source code, therefore making it difficult to protect intellectual property.
Some form of encryption is in the pipeline to remedy this issue.

• Compatibility – Compatibility issues will arise when porting DNA based applications such
as VB6 for example to .NET. Also there is no ASP support in ASP.NET. Microsoft does
however provide tools and assistance to help the migration to the .NET platform.

• Other Language Support –Languages provided by other vendors are still in the
development stage when it comes to .NET support and it’s up to the vendor to decide the
level of support if any is too be implemented.

http://www.xmlbooster.com/mt.html
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Conclusion

The aim of this article was to provide a high level understanding of the .NET vision, evolution,
platform, framework, server family and examine how Visual Studio.NET fairs up with the
competition when it comes to client and server side development. We have also seen that
Microsoft has once again re-asserted its dominance where client side development is concerned.
Server side, Microsoft has drawn its lines and an interesting battle is going to ensue. Roll on the
next chapter, watch this space.

Further Reading

Microsoft .NET Framework SDK
http://msdn.microsoft.com/msdn-files/027/000/976/Search.asp

Microsoft .NET Framework Download Link
http://download.microsoft.com/download/.netframesdk/SDK/1.0/W98NT42KMeXP/EN-
US/setup.exe

Microsoft .NET Glossary
http://members.microsoft.com/partner/products/net/microsoftnet/DotNetGlossary.aspx

Application Architecture for .NET: Designing Applications and Services
http://msdn.microsoft.com/library/default.asp?url=/library/en-us/dnbda/html/distapp.asp

http://msdn.microsoft.com/msdn-files/027/000/976/Search.asp
http://download.microsoft.com/download/.netframesdk/SDK/1.0/W98NT42KMeXP/ENUS/
http://members.microsoft.com/partner/products/net/microsoftnet/DotNetGlossary.aspx
http://msdn.microsoft.com/library/default.asp?url=/library/en-us/dnbda/html/distapp.asp
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Understanding the Model Driven Architecture (MDA)

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

Introduction

The systems engineering discipline focuses on 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
teams and people, methodologies and processes, and tools and enabling technologies converge
to bridge the chasm between vision and reality. However, throughout our system development
endeavors, the more complexity we attempt to address, the more change that occurs, and the
more change that occurs, the more complexity we breed -- it is a vicious circle. Within the
information systems and technology industry, the Unified Modeling Language (UML) and the
Model Driven Architecture (MDA) are at the heart of confronting these challenges.

Systems Development

The system development lifecycle process is a problem-solving process where requirements
maybe considered problems occurring within a domain, systems that address the requirements
may be considered solutions residing within an environment, and problem solving involves
understanding a problem, solving the problem, and implementing the solution. Every system
development lifecycle process involves the following types of lifecycle activities:

• Requirements gathering activities to capture requirements that define what a system should
do. This results in a requirements model that describes the problem and what a solution
entails, and is said to occur from a conceptualization perspective since it focuses on the
problem.

• Analysis activities to understand the requirements. This results in an analysis model that
describes how an abstract or implementation-independent solution satisfies what is specified
by the requirements model, and is said to occur from a specification perspective since it
focuses on the problem and solution.

• Design activities to determine how a system will satisfy its requirements. This results in a
design model that describes how a real or implementation-specific solution satisfies what is
specified by the analysis model, and is said to occur from a specification perspective since it
focuses on the problem and solution.

• Implementation activities to build a system. This results in an implementation model that
describes the actual solution or physical system that satisfies what is specified by the design
model, and is said to occur from an implementation or realization perspective since focuses
on the solution.

• Testing activities to verify that a system satisfies its requirements.

• Deployment activities to make the system available to its users.

Furthermore, there are many types of approaches or lifecycle models (iterative, waterfall, and so
forth) for applying these activities, however every approach must confront the forces of change
and complexity.

Figure 1 shows a conceptual view of the system development lifecycle process. The domain and
environment are shown as circles. The problem and solution are shown as solid-outline

http://home.earthlink.net/~salhir
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rectangles within the circles. The problem-solving process is shown as a solid-line path from the
problem to the solution, and each perspective is shown as a dashed-line path from the solid-line
path to the activities related to that perspective. Activities are shown as a shape with a straight
top and bottom and convex arcs on the two sides, and models are shown as solid-outline
rectangles. When an activity uses a model as input, a dashed arrow is shown from the model to
the activity. When an activity produces or updates a model as output, a dashed arrow is shown
from the activity to the model. Because the requirements model represents the problem and the
implementation model represents the solution, a dashed arrow is shown from each model to the
item it represents.

Figure 1: Systems Development Lifecycle Process

The Unified Modeling Language (UML)

The Unified Modeling Language (UML) and other associated standards from the Object
Management Group (OMG) attempt to confront the force of complexity by raising the level of
abstraction using models.

A model is a description or representation of system. For example, a Java program is a model of
the instructions that a Java Virtual Machine (JVM) executes. Such models raise the level of
abstraction by allowing us to work with more semantically rich Java language instructions that
are more conducive for human consumption rather than Java byte-code instructions that are
more conducive for JVM consumption. Furthermore, the Java byte-code instructions themselves
abstract another semantically less expressive levels of abstraction, and this decomposition by
levels of abstraction may continue until the level of abstraction of the software reaches the
hardware platform.

The UML is an evolutionary general-purpose, broadly applicable, tool-supported, and industry-
standardized modeling language or collection of modeling techniques for specifying,
visualizing, constructing, and documenting the artifacts of a system-intensive process. Within
the system development lifecycle process, the UML readily enables communication and
facilitates specifying, visualizing, understanding, and documenting problems; capturing,
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communicating, and leveraging knowledge in solving problems; and specifying, visualizing,
constructing, and documenting solutions. The UML is broadly applicable to different types of
systems (software and non-software), domains (business versus software), and approaches and
processes. The UML enables and promotes (but does not require nor mandate) a use-case-
driven, architecture-centric, iterative and incremental and parallel, and risk-confronting process
that is object-oriented and component-based. The UML emerged from the unification that
occurred in the 1990s within the information systems and technology industry. Rational
Software Corporation and the Three Amigos (Grady Booch, James Rumbaugh, and Ivar
Jacobson) led the unification effort. The UML gained significant industry support from various
organizations via the UML Partners Consortium and was submitted to and adopted by the OMG
as a standard (November 1997). Currently, UML 2.0 is proliferating in the industry.

The Model Driven Architecture (MDA)

The Model Driven Architecture (MDA) and other associated standards from the OMG attempt
to confront the force of change by separating and relating platform-independent models and
platform-specific models using transformation techniques. A platform-independent model is a
model of a system that does not have any technology-specific implementation information. A
platform-specific model is a model of a system that has technology-specific implementation
information. For example, a “generic” description of a system is a platform-independent model,
and a description of the system using Java or Microsoft .NET technology is a platform-specific
model. Transformation techniques convert platform-independent models that specify the
operations of systems to produce platform-specific models that specify the details of how those
systems use the capabilities of their platforms to provide their operations.

Advertisement – Feature-Rich UML Modeling Tool
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By keeping these models separate but related, we can work with the model from the perspective
that is most conducive to our understanding of the system. Furthermore, transformations
between models can repeatedly occur until a model reaches its targeted platform, whether it is a
software or hardware platform.

The MDA is an open and vendor-neutral architectural framework that leverages associated
OMG standards (and models specifically) within the systems development lifecycle across
various domains and technologies. The MDA broadly supports different types of application
domains and technology platforms. The MDA enables transforming or converting platform-
independent models to produce platform-specific models using mappings. Within the system
development lifecycle process, the MDA applies platform-independent models and platform-
specific models to sustain and leverage investments in requirements, technologies, and the
lifecycle that bridges the gap between them as they independently change. Such an approach
generally leads to long-term flexibility of implementations, integration, maintenance, testing and
simulation as well as portability, interoperability and reusability. The MDA emerged from the
efforts of the OMG and its constituent members to culminate in 2000. Currently, MDA 1.0 is
proliferating in the industry.

The OMG has various Technology Committees (TCs) for providing standardization guidance
and recommendations. Various Domain Technology Committees (DTCs) focus on vertical
markets such as Healthcare, Finance, Telecommunications, Manufacturing, Transportation, and
so forth to capture standard domain-specific models that form the foundation for platform-
independent models. Various Platform Technology Committees (PTCs) focus on horizontal
technologies such as Web Services to capture standard technology-specific models that form the
foundation for platform-specific models. And the OMG has an Architecture Board (AB) that
oversees the standardization in order to ensure coherence and consistency of the standards.

Foundation

Figure 2 shows the foundational concepts of what generally constitutes the MDA.

Figure 2: Foundational Concepts of the MDA
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Systems, Models, and Model-Driven Approaches

A system (or physical system) is a collection of elements organized together for a specific
purpose. A model of a system is a description or specification of the system and its environment
for a specific purpose, which may be presented graphically and textually. A model-driven
approach focus on models to work with systems, including understating, designing,
constructing, deploying, operating, maintaining, and modifying them. Figure 2, relative to
Figure 1, shows that the MDA’s model-driven approach corresponds to problem solving.

Platforms, Applications, and Implementations

A platform is a set of technologies, including functionality provided through interfaces and
usage patterns. Platforms may be generic (such as object oriented or batch processing),
technology specific (such as the Java platform), or vendor specific (such as the Microsoft .NET
platform). A platform model describes a platform, including its parts and the services it
provides. A pervasive service is a service that is available in a wide range of platforms. For
example, file services, security services, and so forth. An application refers to some
functionality provided by a system. A system is a collection of applications supported by a
collection of platforms. An implementation is a specification that contains all of the information
for construing and putting a system into operation. For example, a storefront system may be a
collection of Java programs that provide financial transaction applications supported by the Java
platform, which is described by the JVM Specification platform model.

Figure 2, relative to Figure 1, shows that a platform corresponds to an environment, a system
and its applications corresponds to a solution, and an implementation corresponds to an
implementation model.

Architecture, Viewpoints, Views, and Models

The architecture of a system involves what elements make up the system and how they work
together to provide the functionality of the system, including what parts and connectors make up
the system and how the parts interact using the connectors. A viewpoint on a system involves a
perspective focusing on specific concerns regarding the system, which suppresses details to
provide a simplified model having only those elements related to the concerns of the viewpoint.
A view (or viewpoint model) of a system is a representation of the system from the perspective
of a viewpoint. For example, a security viewpoint focuses on security concerns and a security
viewpoint model contains those elements that are related to security from a more general model
of a system.

Figure 2, relative to Figure 1, shows the following viewpoints:

• A computation independent viewpoint (CIV) focuses on the requirements of a system and its
environment. The CIV corresponds to the conceptualization perspective.

• A platform independent viewpoint (PIV) focuses on the operation of a system independent
of any platform and thus does not change from one platform to another. The PIV
corresponds to the specification perspective’s analysis activities and model.

• A platform specific viewpoint (PSV) focuses on the operation of system based on a specific
platform and thus does change form one platform to another. The PSV corresponds to the
specification perspective’s design activities and model.
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Figure 2, relative to Figure 1, shows the following models:

• A computation independent model (CIM) of a system, from the CIV, describes the domain
and requirements of the system. A CIM might consist of a model from the informational
viewpoint, which captures information about the data of a system. The CIM corresponds to
the conceptualization perspective’s requirements model.

• A platform independent model (PIM) of a system, from the PIV, describes the operation of
the system independent of any platform. A PIM might consist of a model from the
informational viewpoint, which captures information about the data of a system, and a
model from the computational viewpoint, which captures information about the processing
of a system, independent of any platform. A platform independent model is one that is
independent of the features of any specific platform. To achieve platform independence, a
model may target a technology-neutral virtual machine. A virtual machine is a collection of
parts and services that are independent of any specific platform and may be realized on
multiple specific platforms, but the virtual machine remains independent and unaffected by
any underlying platform. The PIM corresponds to the specification perspective’s analysis
model.

• A platform specific model (PSM) of a system, from the PSV, describes the operation of the
system as it uses one or more specific platforms. A PSM might consist of a model from the
informational viewpoint, which captures information about the data of a system, and a
model from the computational viewpoint, which captures information about the processing
of a system, based on a specific platform.  As a PSM targets a specific platform, it uses the
features of the specific platform specified by a platform model. The PSM corresponds to the
specification perspective’s design model

Application

Figure 3 shows the application concepts of how one generally applies the MDA.

Figure 3: Application Concepts of the MDA
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Mappings

A mapping is a specification (or transformation specification), including rules and other
information, for transforming a PIM to produce a PSM for a specific platform. The MDA
defines the following types of mappings:

• A model type mapping specifies a mapping based on the types of model elements. It
specifies mapping rules for how different types of elements in the PIM are transformed to
different types of elements in the PSM. For example, if a PIM element is of type entity, it
maps to an Enterprise Java Bean (EJB) entity for the Java platform, otherwise it may map to
a Java class.

• A model instance mapping specifies how specific model elements are to be transformed in a
particular manner using marks. PIM elements are marked to indicate how they are to be
transformed. A mark from a PSM is applied to a PIM element to indicating how that element
is to be transformed. A PIM element may also be marked several times with marks from
different mappings and is therefore transformed according to each of the mappings. A PIM
is marked to form a marked PIM that is then transformed to a PSM. For example, if a PIM
element is marked as an entity, it indicates that the element is transformed using some rules,
perhaps related to an EJB entity for the Java platform, otherwise it may map to a Java class.

A template specifies a particular kind of transformation using parameterized models or patterns
of model elements that are used as rules in model type mappings and model instance mappings.
Figure 3 shows that marks are used for marking a PIM to produce a marked PIM and that
mappings are used for mapping a PIM or marked PIM to produce a PSM.

Transformations

A model transformation is a process of converting a PIM, combined with other information, to
produce a PSM. The MDA defines the following types of transformations based on the types of
mappings:

• A transformation for a model type mapping is a process of converting a PIM to produce a
PSM by following the mapping.

• A transformation for a model instance mapping is a process of converting a marked PIM to
produce a PSM by following the mapping.

A practitioner may mark a PIM to produce a marked PIM, and a transformation may ask a
practitioner for mapping decisions in the course of a transformation. A PSM may be an
implementation, provide information for manually constructing the system, or may act as a PIM
for further transformation to a PSM.  For example, a PIM of a storefront system may be marked
and transformed to produce a PSM for the Java platform and a PSM for the Microsoft .Net
platform. Figure 3 shows how marking and mapping are involved in transformations. A model
type mapping is shown using a PIM while a model instance mapping is shown using a marked
PIM.
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Conclusion

Unequivocally, people are and will remain the “original ingredient” necessary for success.
However, with the UML’s modeling techniques and the MDA’s architectural framework,
individuals and teams are further empowered not only to simply address change and complexity,
but leverage change and complexity for a competitive advantage by capturing and leveraging
knowledge encoded in models. Furthermore, it is experience, experimentation, and application
of the UML, MDA, and other associated standards and technologies that will enable us to
realize their benefits.
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Quantified Objectives:
A Fundamental Advance in Managing Software Development Projects

Stuart James Woodward, stuart@capricorn14.com
DoubleHelix Software & Services Limited,  http://www.doublehelix.co.uk/

Synopsis

Evolutionary techniques are increasingly the default choice for executing software development
projects. They have demonstrable advantages over conventional methods. Problems still arise,
though, when projects are planned and monitored, and requirements are specified purely on the
basis of functionality.

Tom Gilb has argued the case for quantitative objectives and use of evolutionary methods over
many years.

This paper supports the use of Planguage (© Copyright Tom Gilb), an advanced planning
language and set of methods. By augmenting Evolutionary Project Management with further
Planguage methods, the author proposes that a shift of focus from functional to performance
requirements will result in a fundamental advance in project management.

Introduction

A Brief Overview of Evolutionary Project Management

Evolutionary Project Management or Evo is a project management process delivering
evolutionary ‘high-value-first’ progress towards the desired goals, seeking to obtain, and use,
realistic, early feedback [GILB04]. The system is therefore built in steps, enabling the
controlled modification of plans and schedules in line with emerging and maturing
requirements. In Evo the focus is always on delivering results to the stakeholders so that at the
beginning of each step any aspect of the project including its plans, requirements, architecture,
etc. is subject to alteration if it is estimated that by doing so it will benefit those stakeholders.

This contrasts with the conventional Waterfall approach that is based upon a fixed plan and set
of requirements and the completion of a sequence of individual processes, the entire sequence
leading to a single delivery of a completed system.

A delivery sequence on an Evo project A delivery sequence on a Waterfall project

http://www.doublehelix.co.uk/
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In a previous paper, “Evolutionary Project Management” [WOODWARD99], I compared two
projects that had intended to deliver the same product, one using conventional Waterfall
delivery and one using Evo. The latter project, “OMAR”, which I managed between 1996 and
1998, was my first major step into Evo.

Result Metrics from both projects led me to the conclusion that Evo projects deliver more
functionality from fewer resources. However, I was aware that some aspects of the OMAR
project could have been better even though, at that time, I did not have the knowledge or
experience of the detailed methods that could have helped. Accordingly, since the end of that
project I have sought to extend and improve my project management by the utilisation, where
possible, of new methods.

Evo, as described in Principles of Software Engineering Management [GILB88] by Tom Gilb,
had guided my management of OMAR. I have been influenced and encouraged further by Gilb’s
work and have attempted to make use of Planguage, an advanced planning language and set of
methods for use in Evolutionary Project Management, Requirement Specification, Design
Evaluation and Quality Control. Planguage is described in the soon-to-be published Competitive
Engineering [GILB04].

The CRM Project

The OMAR project had been fortunate from being shielded from ‘real-world’ users; it took
place within a software house. The project was driven, and changed direction during its
execution, by the known and market-researched functional requirements of a new product.
Although it would serve existing business processes, OMAR itself had no existing system to
replace. We had no access, in the early stages, to organisations where the system would later be
used.

On a subsequent assignment I worked at an end-user financial organisation on a project named,
for the purposes of this paper and confidentiality, CRM (Credit Risk Management). Unlike
OMAR, CRM implemented into software the business processes that already existed in the
organisation. In other words, the functional requirements of the system already existed in
another form.

With this in mind I thought about the following questions:

• What are the underlying objectives of the project?

• How will we know for sure what the next best step is at each stage?

• How will we know when we have met the requirements and when it is best to stop the
development project?

These fundamental and powerful questions are not necessarily easy to answer. I found it
difficult to find answers on the CRM project owing to the way in which the stakeholders
insisted on stating the project requirements and the way in which senior management expected
the project to be planned and monitored. My experience on CRM led me to understand that
these areas of concern require serious attention in order to improve the management of projects.
In particular, I came to the conclusion that when requirements are stated only in terms of
functionality, then there is too much subjective decision making by the project’s stakeholders.

Note: In this paper I use the term functionality to mean, “what a system does” or “a system’s
functions”. Likewise, I use the term performance levels to mean, “how well the functions are
carried out”.
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Problems with Functionality

Had the Requirements Been Met?

The CRM software development project required authorised funding in order to proceed. A
committee of senior stakeholders agreed the budget requests. The budget requests were justified
by specifying a list of high-level functions to be delivered. For example, a stated requirement
was: “the system requires a Credit Approval Process”. After the initial phase of the project, the
success of each subsequent budget request depended on the whether the deliverables specified
under the previous budget were actually made i.e. the request had to state that the project had
progressed successfully towards its objective of delivering the previously specified functions.

I was never able to state simply that this had in fact occurred. The high-level functional
requirements were broken down into a long list of sub-functions. Under the Credit Approval
Process (CAP), for example, were thirty-seven such functional requirement statements. One of
these was as follows:

CRM shall initially support the following types of request:

• Transaction

• Counterparty Credit Limit (new)

• Counterparty Credit Limit (existing)

• Counterparty Settlement Limit (new)

• Counterparty Settlement Limit (existing)

• Country Credit Limit (new)

• Country Credit Limit (existing)

• Exception – pre-approved

• Exception – not pre-approved - active

• Exception – not pre-approved – passive

• Policy – documentation record

• Policy – for processing (credit grouping or portfolio limit)

At the end of the project phase in which the CAP was implemented only four of the above types
and two others that materialised during the design process had been implemented. When it came
to the meeting to discuss the next budget request there was disagreement between the
stakeholders on a number of points: on whether the CAP had been implemented satisfactorily,
on which types were more important, and on whether the remainder should be deferred or had to
be included in the next budget request along with a new list of high-level functions.

CAP was designed to process Credit Requests. Analysis suggested that the capacity of the
software to process Credit Requests has risen from 0% to 90% of those that had required
processing during the same period. So, although considerable benefit had been brought to the
organisation by the enhancement of the system, there was disagreement on whether the
originally stated requirement, “the system requires a Credit Approval Process”, had been met
because not every possible type had been implemented.



Project Management

Methods & Tools * Fall 2003 * Page 28

Owing to the insistence on reporting in terms of completed functions, the committee felt uneasy
about reporting to senior management that CAP had been implemented. It was not even a matter
of whether we had used a simple count of sub-functions or a suitable functional sizing metric;
there would still have been disagreement. Yet the system did contain a usable CAP catering for
90% of the requests actually raised.

As the Project Manager, I was always under pressure to report progress in simplistic terms of
completed functions rather than the enhanced system performance levels. It was therefore
difficult to report progress in terms that were universally accepted and the decision by project
stakeholders on whether to complete a specific area of functionality before beginning another
was always subjective.

What were the Underlying Objectives?

It can be seen that the stated functional requirements were hiding the underlying objectives. For
example, during requirements analysis, it became clear that another objective was “to speed up
the handling of credit requests”, (this is deliberately imprecise at this point). This was never
actually documented but materialised as an assumption as to why we were implementing a
Credit Approval Process in the software system. Stating the requirement for a Credit Approval
Process did not guarantee that the project would necessarily address this underlying objective
and gave no method for proving that it had done so.

Requirements or Designs?

The stated sub-functions also became confused with design ideas. For example, one was “The
notification shall comprise a Credit Approval Form to be used as the critical evidence of
approval and which provides the basis of information for the approval authorities to make their
decisions”.

Stating a requirement as such proved less than constructive because alternatives existed and
were explored. The underlying requirement appeared to be along the lines of “to facilitate the
approval process, the system must be able to assemble quickly all related credit information for
review”, (again deliberately imprecise here).

Considerable detail inevitably emerged from the function statements as part of the
implementation process, which included feedback and exploration of alternatives by the users.
This is normal but was impossible to predict at the time of a budget request. It therefore made it
impossible to provide a reasonable estimate of the implementation work and corresponding
budget required on the basis of stated requirements, which turned out to be design options that
were later substituted with others.

It is important not make the common mistake of assuming that technical design is functionality.
For example, ‘use a password’ is not necessarily a functional requirement; it is one contributory
technical design or solution to a requirement for system security, say, which could be specified
in measurable terms.

Iterative Development, Maintenance, or Scope Creep?

A related problem arose when a function, that had already been implemented, required
adjustment because it did not work as the users had intended (but were unable originally to
specify in functional terms). Often there was the temptation to add more detail or enhance or
perfect specific functions. Of course, it was my responsibility as Project Manager to prevent the
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scope of the requirements from running out of control but it was often difficult to know exactly
when to stop the design or implementation process and move on. The basis on when a function
is considered completely implemented can be subjective in the absence of other measurements
of progress.

I therefore suggest the following: When stating a functional requirement, consider whether
alternatives exist. If they do then it might be a design idea to meet some underlying requirement.
Try to understand and specify the underlying requirement.

Monitoring on the Basis of Functionality

Monitoring progress purely on the basis of functionality caused further difficulties. Typically, to
satisfy the committee, the schedule specified the expected dates of delivery of the high-level
functions that were accepted as the project’s requirements. The project’s objective was then to
deliver those functions according to the schedule, which represented the time-scale of when the
budget began and ended.

Problems occurred when a dependent activity did not occur, or when a dependent resource was
not available, at the right time. It was invariably not possible to bring forward in the schedule
tasks that were planned for later in order to replace the delayed ones and so manpower was
wasted on unnecessary tasks. Monitoring purely on the basis of functionality was wasting
resources. The need to completely finish specific functional areas also caused the project
schedule to break down. It was impossible to anticipate the fine detail of the full functional
requirements at the outset; many sub-functions were not identified until late on.

Advertisement – Software Configuration Management Solution
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Also, new design ideas emerged that competed for the available resources. The result was that
the time taken to implement each functional area was always longer than anticipated. The
insistence of monitoring purely on the basis of functionality was losing the project valuable
time. It therefore became impossible to meet the key (functional) requirements upon which the
project was authorised. Constant rescheduling was fruitless; it became a vicious circle of
subjective reassessment.

The Implication of the Problems Experienced

The basis on which project success is judged should not purely be determined by which
functions are implemented; an alternative needs to be considered and the report of planning and
progress to senior management must also reflect the alternative method.

A Shift of Focus to Performance Requirements

Functional Requirements

Just as on OMAR, and in common with nearly all requirements specifications and statements
today, the CRM project requirements were concerned with what are called Functional
Requirements.

The difference was that, in common with most cases of implementing software systems that aid
business functions in commercial organisations, we were not building something totally unique
or even new within the organisation. We were implementing business functions within software
systems in order to improve those business functions, and the functioning, or performance, of
the organisation as a whole. This alone provided me with the reason why it was not only the
functionality that should have been the project driver; it was the desired performance levels of
the existing functionality that should have determined the justification of the project, its
planning and how it should have been monitored.

Occasionally on projects, (though not on CRM), there are specifications that make mention of
what are often called Non-Functional Requirements. Some development methodologies even
use this exact term although they rarely, if ever, tell you how to specify them in a way that can
later be verified.

The term Non-Functional Requirements is somewhat perplexing and, frankly, I propose that we
banish the term. We must seek to specify requirements in terms of ‘what they are’, not ‘what
they are not’, else how can we ever test if the intended requirement has been met? Non-
Functional suggests that these ‘other’ requirements are somewhat less important than or
secondary to the functional requirements, perhaps because they are usually described in long,
textual documents.

However, these Performance Requirements (to use a more accurate term), are rarely specified
well enough, if at all, and rarely tested against when the systems are built. Most importantly,
they are usually the real reasons why software development projects come into being in the first
place: they are the key objectives.

Performance Requirements

Performance requirements can always be specified precisely as “desired future end states:
testable and measurable” [GILB97]. It is, therefore, these performance requirements which can
determine the success or otherwise of our projects.
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However, they are not necessarily easy to identify. To find them, it is worth considering the
primary objectives of the organisation and then how these objectives can be reached. If you can
answer this question then you may be able to identify your key project objectives.

The Identification of Performance Requirements

One possible way is to think of the general characteristics of these objectives. For example, you
may wish to make better X, save Y, or do more of Z. Put more formally, performance
requirements might be thought of as broken down into the three following types: Quality,
Resource Saving, Workload Capacity.

A useful sub-division of Performance Requirements (picture adapted from [GILB04])

This categorisation of specific requirements could depend on the perspective of the
stakeholders. It is a first level decomposition, a convenient sub-division, and ultimately will not
matter when the performance requirements have been fully specified. Therefore, we might
consider that the gist of the underlying requirements from CRM’s Credit Approval Process
might have included:

• Credit Information Response - the assembling of all related credit information (Quality).

• Credit Request Cycle – the prompt processing of each individual request (Resource Saving),
and

• Credit Request Capacity – the handling of all the expected requests (Workload Capacity),

Again, these are deliberately defined in imprecise terms here (but will be specified clearly later
in this paper).

The question for the CRM project then, should have been whether it could have improved on the
existing, manual system by meeting these underlying requirements. If it could not have done
then, in the absence of other requirements, there could have been no economic reason for having
proceeded with the project; it may have been nothing more than a “nice to have”.

But how could we have known this before the project proceeded and how can we know likewise
for future projects?

Key Stakeholder Objectives

We must learn to focus on key stakeholder objectives. These include the system’s functionality,
of course, but it is the performance requirements that are usually the key project drivers.
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We need methods that:

• Concentrate on identifying the underlying objectives and requirements without assuming
specific functional designs.

• Specify objectives in unambiguous and measurable terms of performance levels and costs.

• Provide a cost-effective basis for assessing what to do at each stage in a project and,
importantly, when to stop.

• Enable a comparison of the performance to cost ratios of solutions that are competing for
resources.

• Enable the management of multiple requirements simultaneously.

• Enable Project Managers to objectively monitor and report progress towards the key
objectives, which are agreed by all stakeholders.

Using Planguage to Manage Quantified Objectives

Requirements Specification

The aim of any project is to meet its requirements. To do so we need to use the resources that
are available in order to meet the functional and performance requirements. This is an obvious
statement but project managers often feel the pressure from senior management in organisations
demanding more functions and higher performance levels from the same limited resources.

We therefore specify performance and resource requirements as well as functional requirements.
The project manager can then prioritise the delivery steps based on their relative Return on
Investment.

Prioritisation is evaluated by calculating the performance to cost ratios for each design idea
proposed that contributes towards meeting the requirements. To do this, an estimate must be
made of the extent to which each design idea will meet each requirement i.e. its impact. The
performance to cost ratios can then be compared in order to ascertain which design provides the
best value for money or Return on Investment.

Once the functional, performance and resource requirements are specified and the relative
performance to cost ratios calculated, they can be used to plan and monitor the project. This
explains the inextricable link between requirements, and project planning and monitoring.

At any point in the project, a reassessment of the requirements and the design impacts will allow
the project manager to re-prioritise the delivery steps. This is a key advantage of Evolutionary
Project Management.

The Specification of Functional Requirements

Functions that represent the functional requirements are either present or not present in a
system. By function we mean something that is an essential part of the system. In this respect
they are binary i.e. there can be no degrees to which a function has been implemented or not.
For the purposes of this paper we are not interested further in the specification of functional
requirements, merely that functions are to be implemented or enhanced in the system. We are
specifically interested in the performance attributes of the system.
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The Specification of Performance Requirements

In contrast to functions, performance levels are scalar in nature i.e. there are degrees of
performance. To illustrate this in a simple form, we shall specify those identified underlying
requirements of the Credit Approval Process (CAP) within the CRM system.

When considering performance levels we consider the key requirements that we wish to address
and then provide an unambiguous and testable specification for each one. For CAP, we shall
consider that we wish to implement a system that will improve the following:

• Credit Information Response e.g. the system must be able to assemble all related credit
information as quickly as possible.

• Credit Request Cycle e.g. the system must reduce the average time it takes to process each
credit request

• Credit Request Capacity e.g. the system must be able to handle the expected number of
credit requests

Note that we have still not provided specifications at this point.

There may well have been other key requirements, of course, but for the sake of this discussion
we shall assume that these were the only requirements of interest. Even if others were deemed
more important than these then it does not matter; the principle remains the same. For each
requirement we then provide a measurement specification so that we can state the system’s
current level, specify its desired level and test its level in the future.

Advertising - Issue Tracking & Project Management
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This way we can determine the degree to which the requirement has been met by any solution
that is implemented as part of the system. At the very least, by appropriate tests we can publish
the current state of the system’s key performance attributes.

Here are the proposed performance requirement specifications:

Credit Information Response
Ambition: At least an order of magnitude reduction in the average time taken to assemble all related Credit
Information in order for a Credit Request to be processed at each state in the Credit Request Life-Cycle.
Scale: The average time taken in minutes to assemble all related Credit Information in order for a Credit Request
to be processed at each state in the Credit Request Life-Cycle.
Meter: Timings will be obtained automatically from the CRM system upon invocation of each function that
assembles all related Credit Information for each Credit Request.
Past [Manual System, December 2002]: 60  Guess based on hearsay.
Goal [December 2003]: 2  CRM Project Proposal [May 2001].
Goal [December 2004]: 0.5  CRM Project Proposal [May 2001].

Credit Request Life-Cycle: Defined As: The full collection of possible states in which a Credit Request can be.
Credit Information: Defined As: For example, for the Counterparty specified on the Credit Request, its associated
set of limits and exposure information, its rating information, rationale for the Credit Request, similar information
for related Counterparties <and other data to be specified>.

Credit Request Cycle
Ambition: To sharply reduce the average time taken to handle a Credit Request.
Scale: The average time in hours it takes for a Credit Request to change state from an Initial State to a Terminal
State after being processed by Trained Users.
Meter: The timing data will be available from the audit trail of all Credit Requests in the CRM system.
Past [Manual System, December 2002]: 60  Data from paper Credit Request documents [January-December
2002].
Goal [December 2003]: 48  CRM Project Proposal [May 2001].
Goal [December 2004]: 24  CRM Project Proposal [May 2001].

Initial State: Defined As: The state of “Open” of a Credit Request.
Trained User: Defined As: A user of the system that has received the necessary instruction in CRM system use in
order to perform his/her role correctly.

Credit Request Capacity
Ambition: A large increase in the number of Open Credit Requests that can be handled by the system
simultaneously.
Scale: Number of Open Credit Requests that can be handled simultaneously.
Meter: The count of Open Credit Requests will be provided as a system function, and the result will be available
within 60 seconds of request.
Past [Manual System, December 2002]: 5  A count of dated paper documents.
Goal [December 2003]: 100  CRM Project Proposal [May 2001].
Goal [December 2004]: 500  CRM Project Proposal [May 2001].

Open Credit Request: Defined As: A Credit Request that has been entered into the system and is not in a Terminal
State.
Credit Request: Defined As: A formal document requesting authority to trade with a specified counterparty up to
a maximum specified monetary amount.
Terminal State: Defined As: One state of {“Withdrawn”, “Rejected”, “Processed to Completion”} of a Credit
Request.

These specifications are written in Gilb’s Planguage. There are six essential parts to each
specification as follows:

• Tag: A unique identifier for a Planguage or user-defined term, which includes performance
requirements e.g. Credit Request Capacity
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• Ambition: An informal description of the intended performance level requirement

• Scale: The units of measure in which we intend to specify the level of performance

• Meter: The method by which the level of performance will be measured on the specified
scale

• Benchmarks e.g. Past: An actual measure of existing or past performance levels on the
specified scale

• Performance Targets e.g. Goal: An estimate or desired target level of performance on the
specified scale.

There are many other possible elements and subtleties in Planguage specifications, too, but their
explanations are not needed here.

The specifications can include definitions of terms that require explanation in order to fully
understand the performance requirements. Defined terms, including the performance
requirements that have been specified, are underlined in this paper for emphasis.

Qualifiers in square brackets ‘[ ]’ add detail in terms of places, times, or events. An example of
this from a Past parameter in the above specifications is [Manual System, December 2002].

So, for example, the above specification for Credit Request Capacity states that 5 dated paper
documents from the Manual System were counted in December 2002. The requirement is for the
new system to handle 100 Open Credit Requests simultaneously by December 2003 and 500 by
December 2004. These unambiguous statements specify the performance requirements for
Credit Request Capacity.

Note that it is legitimate for the specified performance levels to be best guesses, if no more
objective information is available from any other source. The left-arrow symbol ‘ ’ provides
sources for any information stated in the specification. Sources can be useful to verify anything
stated. ‘Real’ or more objective numbers might be found by testing. Targets can be set by
agreement between the stakeholders on their desired requirements.

From these specifications it can be seen that to test and report the degree to which the
performance requirements are met is straightforward. For example, if solution A really lowers
the measurement of Credit Request Cycle from 60 to 54 then it has met the planned requirement
for December 2003 by 50%; if it improves from 60 to 51 then it has met this same requirement
by 75%.

By using these specifications and measurements, multiple requirements can be managed
simultaneously. This will be shown below.

The Specification of Resource Requirements

Resources are always limited. We are all concerned about the limited time, money, manpower
and other resources we have available to our projects. Usually these are specified at the outset of
a project or each of its phases. Resources are ‘used up’ at varying rates during the course of a
project. They are, therefore, scalar in nature and should be specified as such, in a way similar to
performance requirements. When planning a project, we must specify how much of the
resources we plan to use to in order to meet the performance requirements.
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For the sake of this discussion we shall assume that the only resources of interest are Project
Duration and the Manpower Cost. In general, resource specification would take into account
everything that requires to be paid for in order to execute the project.
Here are the proposed resource requirement specifications:

Project Duration
Gist: The step-wise development or enhancement of functions needs to be balanced over the expected calendar
period of the project to prove that value is being delivered to stakeholders. No assumption is made here of how
this is done so an overall expected duration is allocated.
Scale: Number of days.
Meter: Project records.
Survival [Final Deadline]: 360 “Project must not exceed one calendar year [rounded to 30 days per month]”.
Budget [To meet all specified Functional and Performance Requirements]: 300 “Project is allocated ten calendar
months [rounded to 30 days per month]”  Estimated requirement from CRM Project Plan [December 2002].

Manpower Cost
Gist: Five available personnel will be allocated for the lifetime of this project at an average cost of <X>. The cost
of manpower therefore equates to the number of days worked on the project by those personnel.
Scale: Number of man-days.
Meter: Project records.
Survival [Final Deadline]: 1000 “Project must not exceed the total number of allocated man-days [limited to 200
days per person per calendar year pro-rata]”.
Budget: 750 “Project allocation [limited to 200 days per person per calendar year pro-rata]”  Estimated
requirement from CRM Project Plan [December 2002].

The Resource Target, the resource specification’s equivalent to a performance target, is in the
form of the Budget parameter. This represents a level of the resource within which the project
will commit to staying. Again, there are other possible parameters but they are not needed for
the purposes of this paper.

In reality, projects often overrun on time and cost (an aspect of the Software Crisis described in
numerous articles). Therefore, to avoid the organisation itself having to commit to an endless
project, these resource requirements each accommodate a constraint in the form of the Survival
parameter. In this case it specifies the longest duration and highest cost in man-days acceptable
for the project. Beyond these, and in the absence of a further commitment of resources, the
project would be stopped (because there are simply no more resources available to commit).

There are no Benchmarks here but they could be stated as useful comparisons with previous
projects.

From these specifications it can be seen that to test and report the degree to which the resources
are used up is straightforward. For example, if solution A takes 75 days to implement then it has
consumed 25% of the budgeted Project Duration. If solution A also costs 150 man-days of
effort then it has consumed 20% of the budgeted Manpower Cost.

Planning and Monitoring the Project

One of the key tasks in planning a software development project is to determine the schedule or
sequence of implementation. Once the project is underway, monitoring determines the degree to
which the performance requirements have been met. Evolutionary Project Management then
allows re-planning at any appropriate point in the project.
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Planning The Sequence of Implementation

A key characteristic of Evolutionary Project Management is that it enables the project manager
to re-plan at the beginning of every step in order to maximise the Return on Investment (ROI) to
stakeholders. The highest ROI is determined by calculating the ratio of performance to cost for
each proposed design. In terms of the requirements, this is the ratio of the increase in
performance levels to the resources used in realising those performance level increases. We
must seek to implement those designs with the highest ratios of performance to cost first, thus
maximising the ROI at each development step. This then will determine the sequence of
implementation. To do this we must sum the estimated performance level increases or
Performance Impacts and separately sum the estimated resource utilisations for each design.

Owing to the fact that, in general, each Performance Requirement will be specified using
different scales of measure, we cannot simply add up the estimated impacts on those scales (you
cannot add apples to oranges and expect to get a useful answer!). However, by ‘normalising‘ the
estimated impacts as Percentage Impacts we can then add them together. A percentage impact is
expressed as a percentage of the required performance level increase. We arrive at a total
percentage impact on the system for the implementation of each design. We then do the same
for the resource requirements. Then we are able to calculate the performance to cost ratio for
each design and determine which one is estimated to provide the highest ROI. This result is
established by using a Planguage device called an Impact Estimation Table.

Impact Estimation (IE)

Proposed
Design Ideas 

Sum of
Estimates

CAP Foundation Upgraded Data
Model

API Risk
Monitoring

CAP GroupsCounterparty
Hierarchies

PERFORMANCE
REQUIREMENTS

 

Credit Information
Response
60 mins. <-> 2 mins.
[2003]

105% 15% 30%  25%  35%

Credit Request
Cycle
60 hours <-> 48 hours
[2003]

95% 40% 15% 25% 15%   

Credit Request
Capacity
5 <-> 100 [2003]

85% 40% 5% 25%  15%  

        
RESOURCE
REQUIREMENTS
Project Duration
0 <-> 300

86% 12% 10% 8% 16% 10% 30%

Manpower Cost
0 <-> 750

77% 10% 12% 15% 5% 10% 25%

        

OVERALL
IMPACT        

Total Performance
Level Increase

285% 95% 50% 50% 40% 15% 35%

Total Cost 163% 22% 22% 23% 21% 20% 55%
PERFORMANCE /
COST RATIO

4.32 2.27 2.17 1.90 0.75 0.64
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In the table above the performance and resource requirements are listed vertically down the left
hand side. With each is specified a Baseline<->Target pair, the chosen benchmark and
performance or resource target as appropriate, against which the percentage impact figures are
estimated.

Along the horizontal axis at the top are the proposed design ideas to be implemented. A
percentage impact figure is entered for each design against each requirement. Empty table cells
mean that there is 0% impact e.g. it is estimated that the implementation of the API will have
zero impact on the Credit Information Response performance requirement. Please note that the
figures in the table are for demonstration purposes only.

The bottom line lists the performance to cost ratios for each design. I have deliberately listed the
designs in order of decreasing performance to cost ratio to demonstrate the point that this
determines the sequence of implementation.

As with other Planguage concepts in this paper, there are many other points that are not directly
relevant to the argument being made. For example, this sequence will also have other
dependencies such as the availability of resources at specific times. This is not factored into the
IE table whose purpose here is to give a relative assessment of ROI.

Simultaneous Management of All Requirements

It is perfectly possible that a specific design could have a negative impact on one or more
requirements. For example a design might compromise one requirement in favour of others. It is
the total impact on all the requirements that is important in determining the performance to cost.
We must seek to manage all the key requirements otherwise it is inevitable that one or more will
be disregarded or considered only subjectively during project planning. The IE table gives us a
method of objectively considering them all, simultaneously.

The Sum of Estimates column in the table enables us to see the total impact of implementing all
proposed designs in the project. An alternative to this is to have a cumulative column after each
design itself. From the table below we can see that it is estimated that, by implementing all the
designs listed, the required performance level increase for Credit Request Capacity will be met
to a degree of 85%, for Credit Request Cycle to a degree of 95%, and for Credit Information
Response to a degree of 105%. In this latter case it means that implementing all the designs is
expected to exceed the required performance level increase for Credit Information Response,
again a perfectly possible result!

Monitoring the Project

At the start of the project, the percentage impact figures in the IE table are estimates. It is not
the purpose of this paper to discuss how the estimated figures are established but obviously,
with every step still in the future then some method of assessment must be used.

As each step is completed, the estimates should be replaced with result metrics in order that the
project manager can truthfully report the progress towards meeting the requirements. Hence,
Evo insists that the project includes frequent measurements that provide feedback to the
estimation process for each step. Even if you start off with guesses, you will find that you soon
begin to achieve good estimates through frequent practice. This pays dividends because the
estimates that feed the IE table after each step, help to improve the probability of the plan being
accurate i.e. determining the next best step in terms of the highest performance to cost ratio.
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Other Uses for Impact Estimation Tables

The example shown uses an IE table to determine a sequence of implementation of designs for
different functions.

The method can also be used to objectively compare alternative designs, applied to the same
functionality. We use the design process to get maximum value for money from our technology.
We clearly separate design and consequent value delivery from system business function. Too
many so-called ‘function requirements’ are in fact really technical design. In those cases, you
are ‘requiring’ something that is not necessarily the best design – the best value for money. You
have got to go through the discipline of estimating (later, of actually measuring that you got
what you expected), what performance (quality, work capacity, savings), you expect from your
design, and what costs you are expecting. This design impact estimation discipline makes you
‘look before you leap’. It makes you bring out clearly whatever you are expecting. It gives you a
proper basis for submitting a design to review.

This may include objective assessments, for justifying the development of specific technical
structures within the system that do not provide any immediate visual or obvious performance
increase to the end users, for example techniques leading to portability, maintainability and
security. Those are performance characteristics that are of interest to system stakeholders other
than the end users.

You must, of course, allow for dependencies between designs, which always exist i.e. design X
must be carried out before design Y can actually be done. By proceeding with the design ideas
that give the highest performance to cost ratio you can be sure that you have the best chance of
delivering the most cost effective performance increases as early as possible in your project.
This method of project planning, or Requirements Driven Management, lends itself perfectly to
evolutionary delivery of requirements.

A reassessment of each design idea’s real impacts, at the end of each delivery step, allows the
project to change tack if warranted, in a controlled fashion. This is a central characteristic of
Evolutionary Project Management.

Scaling Up

Planguage allows the management of multiple requirements simultaneously. The example
provides a specification of only three performance requirements. Typically there are lots of key
requirements depending on the scale and scope of the project. Managing multiple simultaneous
objectives within a project is now possible by means of Impact Estimation, which helps
determine which designs provide the most overall performance, compared to the costs of
implementing those designs. It scales up, without alteration, to handle the likely numerical limit
of your key requirements. Gilb suggests that this is in the range of 5-20. Keeping track of any
higher number is less likely to be useful or meaningful. Once you get the hang of identifying
your key performance indicators, then you will be able to naturally figure out which are the
most important to your organisation or business.

Conclusions

The Use of Planguage on CRM

I have to report that the reaction I received when I presented an Impact Estimation table as part
of a project plan for CRM was one of bewilderment! I believe that this was because of the
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specific circumstances; it was the first time anyone else on the committee had ever seen
anything like it, and I attempted both to educate and produce a real plan at the same time. This
may have been a mistake. Also, I had introduced it some time during the lifetime of the project
rather than at or close to its beginning. In this way, it was extremely difficult to alter the
collective mindset of the project’s key stakeholders. So ultimately, I failed to use it as the
‘official’ or primary method of reporting progress and specifying requirements on the CRM
project.

However, because I believe the principle to be sound, I continued using the Planguage
specifications and plans within the development team in order to maintain the focus of the
team’s work on what we deemed to be the key project objectives. This paid off by keeping the
technicians minds on the real objective – to deliver the ‘high-value-first’ designs in order to
progress towards the perceived desired goals.

An interesting misunderstanding by some members of the committee became apparent when I
presented the IE table. It was suggested that some of the requirements could be deemed more
important than others. Two important points were being missed.

Firstly, the notion of priority itself was not clearly understood. Gilb’s definition of priority is
that it is the “determination of the relative claim on limited resources” [GILB04]. I agree with
this definition, not least because of the corollary that if resources were unlimited, then there
would be no need to prioritise; all the requirements could be met immediately.

Secondly, if the requirement specifications themselves were to include any notion of priority
relative to others i.e. before any design evaluation, then this could only ever be a subjective
assessment. It would effectively be no different to deciding on a subjective basis which function
to implement in favour of any other. If priority were subjective, then actually there would be no
point to objective planning on the basis of specified requirements.

The IE method actually determines the relative claim on limited resources by calculating which
design will give the highest Return on Investment. A further advantage of this method is that,
instead of relying on arbitrarily fixed weightings, priority is dynamic and can be calculated at
the beginning of each step. So, in fact, the IE table is itself the best method of prioritising (see
[GILB02]).

Key Advantages of Planguage

Performance Requirements are not necessarily easy to determine but they usually represent the
underlying objectives of projects. They are also a more concrete way of monitoring, in
measurable terms, how a developing system is bringing increased performance to an
organisation. Planguage methods allow clear and unambiguous specifications of these
requirements. By doing so, project managers can be released from the straightjacket of a Gantt
chart based on specific functions, the precise detail of which can never be fully known in
advance.

Project managers and stakeholders must learn that there is no need necessarily to complete
every sub-function within a set budget and timescale; the focus must be on delivering increasing
performance for the available budget. Specifying Performance Requirements using Planguage
allows us to report these increasing performance levels in provable, measurable terms.

Using Planguage to quantify objectives delivers a fundamental advance in managing software
development projects.
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