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ABSTRACT 
 
 
 

 
Object-Oriented frameworks, OO frameworks, have 

been discussed over a long period of time, that when 
introducing Object-Oriented frameworks, the defect-
density will decrease and the quality of software will 
increase. Capgemini had developed a framework that 
had been in the organization for nine years. Since then, 
the framework has been reengineered several times to 
meet the continuously changing requirements of the 
software systems the framework supports. My work 
was to develop a new framework to make the 
maintainability and evolution of the framework easier 
while not compromising the quality of the framework 
or the applications built on it. The new framework that I 
developed was called the Capgemini Development 
Framework, CDF. Results from the case study, 
conducted to test the differences between these two 
frameworks, showed that the CDF framework preserved 
the maintainability of the applications built on the 
framework. The architecture of the CDF framework 
made it also easier to handle any future updates to the 
core functionality of the framework. 
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1 INTRODUCTION 
One of the greatest challenges in software development is time estimation [18, 16]. 

To make a qualified estimation of how long the duration of a project will be is very 
difficult. Time estimation has other dependencies than just the duration of the project 
or when the product will be delivered or released. Some of these dependencies are as 
follows [16]: 

 
• Development Costs 
• Software Architecture 
• Stability and Security 
• Expansion Capabilities 
 
Cost is a crucial factor on a competitive market. Customers always want the best 

product for the lowest price. The business term “Time is money” is a fundamental term 
when developing software [16]. Competitive prices mean that companies have to 
produce a service, or software, in a shorter amount of time, compared to its 
competitors. Projects always struggle to make deadlines or to stay within budget.  

 
Often when the customer makes initial contact with a consultant company, they 

want a small application to see if the company can deliver the required application that 
the customers seeks, and also to see how the capabilities of this application can 
improve the customer’s organization [16]. The size of the application/project is often 
small at first because the customer has limited the project budget and time to a 
minimum. The delivered application has then a small architecture due to time and cost 
limitations. When the customer has evaluated the application, the customer is ready to 
expand the application to a larger scale. This invokes one problem. The application 
wasn’t designed to expand to that extent that the customer is asking for [16]. To make 
the application usable in those desired dimensions, the application has to be 
reengineered so that it fits a larger perspective. Due to time and cost limitations the 
architecture often gets very nestled or integrated with each other. A bad architecture 
often leads to security risks and instability in the application [19]. The expansion 
possibilities are also limited because the narrow design approach taken at the project 
initialization. A solution to this would be to develop Object-Oriented Frameworks, 
OO-frameworks, which give a predefined structure and class support within specific 
application/problem domains.  

 
Capgemini is one of the largest IT consultant companies in the world. They have 

about 66 000 employees all over the world and about 1350 of them are situated in 
Sweden. Capgemini, as other consultant companies, struggle with these problems that 
were mentioned earlier. They developed a framework in the late 90’s that they called 
WAF, Windows/Web Application Framework. This framework was built using VB6 
programming code and was later converted to VB.Net. The framework was then called 
WAF.Net. The use of this framework, today, is very limited in new development by 
Capgemini, because of its unmanageable state. It is hard for new developers to get 
familiarized with this framework and there is no time for them to do so. New classes 
and new functionality to development projects, or applications, derive from different 
classes and code snippets that the team developers have, themselves, implemented in 
earlier projects. Many different developers have different solutions to a problem 
because they use their own code that they have developed earlier. Because of the 
numerous solutions involved in a project, the structure and understanding of the 
application are hard to manage and understand.  
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When writing this thesis, I focused on three research questions, namely; 
 

• How can a development framework influence development time, cost, 
security, stability and quality of a software application? 

• What makes the CDF framework suitable for an enterprise environment? 
• How will the CDF framework survive future updates? 
 

The first question focuses on the benefits of reusability using Object-Oriented 
frameworks in general. The second question focuses on why the CDF framework is 
suitable for an enterprise environment. Finally, the third question focuses on how the 
CDF framework would survive future updates without any major reengineering. 

 
I developed a new framework, by analyzing so called Application Blocks, which 

are delegates in the Enterprise Library, developed by Microsoft. These blocks are well 
tested by Microsoft and they were the cornerstones in the new framework. I also 
analyzed common development issues that Capgemini had on a daily basis. From this 
analysis I developed a new framework that I hoped to solve these problems. I analyzed 
Capgemini’s old framework, WAF.Net, and saw some differences between these two 
frameworks. By setting up a test project and develop a test project using the two 
different frameworks, I saw improvement, using the CDF framework. 

 
In section 2 I will discuss different aspects in using Object-Oriented frameworks. 

In sections 3, 4, 5 and 6 I will discuss different technologies used in development of 
Object-Oriented frameworks in .Net. In section 7 and 8 I will present the two different 
frameworks that I evaluated. Section 9 and 10 will determine an evaluation 
methodology and the actual evaluation of the two frameworks. In section 11 I will 
bring a discussion of the results of this thesis. Finally, section 12 and 13 will have 
conclusions and some future work. 
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2 USING OBJECT-ORIENTED FRAMEWORKS 
Computing power and network bandwidth have increased dramatically over the 

past decade, yet the design and implementation of complex software remain expensive 
and error-prone [5]. Object-Oriented frameworks, OO frameworks, have been 
discussed over a long period of time, that when introducing Object-Oriented 
frameworks, the defect-density will decrease and the quality of software will increase. 
The definition of a framework is as follows [8, 9] 

 
“A framework is a set of classes that embodies an abstract design for solutions to 

a family of related problems” 
 
“A framework is a set of objects that collaborate to carry out a set of 

responsibilities for an application subsystem domain” 
 
These two definitions make the distinction between a class library and a 

framework. The difference is that a framework is implemented as a semi-complete 
application to a specific problem domain while a class library only gives 
implementation support but not a complete application structure. According to [2, 4, 5, 
18] the most obvious benefit with software reuse is the time aspect. By using Object-
Oriented frameworks, OO frameworks, the time for developing software decreases and 
therefore development costs will be lower than developing the same software without 
reuse of components included in the OO framework. Other beneficial factors, 
mentioned by [18, 5, 2], are increased productivity and quality when using OO 
frameworks and [12] mentioned that the number of implemented lines of code was 
less, using an OO framework, than building the application from scratch. This means 
that a developer could implement the same functionality with fewer lines of code than 
building the function from scratch. The implementation support for that special 
function must be covered within the framework in order for it to work, hence the 
design of the framework is crucial [4]. If the OO framework meets the requirements of 
the application, then the productivity should increase and the necessary number of 
lines of code should decrease. 

2.1 Time Aspects 
The advantage of software reuse is that the development time tends to be shorter 

than not using OO frameworks or reuse in general [2, 4, 5, 18]. Even if this is a great 
advantage, there are some factors that need some consideration before adopting an OO 
framework. The introduction of an OO framework within an organization brings a high 
learning curve for both new and experienced developers. Developers have to learn how 
to use the specified framework and know exactly what each component does. 
Documentation is the key to success of the framework [4]. Even if the OO framework 
is well documented it brings a learning period when productivity is lower than before 
the introduction of the new framework. In time, when the framework matures and the 
developers learn how to use it, the development time should be reduced [5]. Other 
factors to consider before implementing a framework are [5]: 

 
• Determining effective framework cost metrics, which measure the savings 

of reusing framework components vs. building applications from scratch. 
• Cost estimation, which involves accurately, forecasting the cost of buying, 

building, or adapting a particular framework.  
• Investment analysis and justification, which determine the benefits of 

applying frameworks in terms of return of investment. 
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The first factor is what [18] mentioned earlier. The second factor deals with the 
costs of developing/buying or adapting an OO framework. This factor is also related to 
the third factor. Developing OO frameworks for new software development within an 
organization is very expensive. Instead of application specialists doing the same work 
on different projects these specialists can develop reusable components which 
encapsulate their knowledge [18]. The time it takes for this component/components to 
be produced is time that an organization could benefit, using the specified specialists, 
on projects contributing to the organizations profit.  

 

2.2 Quality Aspects 
There are many different aspects of what quality really is in software systems. 

Quality aspects are often related to non-functional product requirements and are hard 
to measure [18]. Some aspects that address quality are as follows: 

  
• Defect density & stability 
• Security 
• Application Maintainability 
 

2.2.1 Defect Density & Stability 
A study, conducted by [2, 5], addressed two aspects of quality, namely: 
 

• Defect Density 
• Rework 

 
 The study showed that the defect-density was greatly decreased in reused 

components and that there were significant benefits both to the amount of rework and 
the productivity. A study conducted by [14] showed that reused components had 
nearly 50% less defects than non-reused components. The study was conducted at 
Ericsson. [18] gave an example of how application specialists could develop reusable 
components. By time, these components should evolve to be more stable and have 
fewer defects, because these components would be tested in several different 
environments than the initial environment that they were initially developed [4]. 
Another factor that addresses quality is the stability of the software or the OO 
framework [4]. The stability of software is related to the evolution of the software. The 
evolution and reengineering of an software system has, according to [4], be done to 
make the software apt for currently changing environments. When changes are needed 
to a software system it is common that the entire software has to be reengineered, even 
though the core purpose still stays the same. The stability of software is then to focus 
on those areas that will not change and cater the software to those areas [4]. If a 
software system has a stable core then the application built on that framework will be a 
stable product [4]. 

 

2.2.2 Security Aspects 
When designing and implementing large software systems, security tends to be a 

big issue. Developers often have their own solution in how to deal with security in a 
specific software system. The problem is that security is only as good as the developer 
is himself because the developer cannot implement something he/she doesn’t know 
how to implement [19]. Therefore, by not using an OO framework there would be as 
many security solutions as there are developers, and the security would differ in all 
cases depending on the developers knowledge or competence in that area. By having 
an OO framework that has classes that solve these problems the security must be better 
because these classes are the combined product of several developers’ knowledge and 

  4



competence in that area[19]. It would also be beneficial to have classes that solve 
security problems because these classes are often difficult to implement and they are 
therefore very time consuming operations in a project. 

 

2.2.3 Application Maintainability 
After a software system has been delivered there is always an issue for application 

maintainability. Because software systems seldom work as standalone software it is 
often necessary for updates, rework, and further implementation. One big issue in 
application maintainability is that the people/developers that handle the application 
maintainability are not always the same people that implemented the original software. 
This means that if critical updates are needed or some form of rework, it is necessary 
for these new developers to analyze and to understand the original software that was 
produced. This is often related to costs that not always are paid by the customer [16, 
19]. By using an OO framework it is possible that the application maintainability 
developers have used the framework in an earlier project and knows the different 
components involved that are included in the framework. The time for analysis will 
then be reduced to the time it takes for these developers to analyze the new 
components that are not included in the software system. Therefore, by using an OO 
framework, the time for analysis will mostly decrease if the developers have used the 
OO framework in other situations or projects [16, 19].  

2.3 Problems Using Object-Oriented Frameworks 
There are many beneficial factors when using an object-oriented framework, but 

every solution has its disadvantages. [12] gives some examples of what could be a 
disadvantage when using OO frameworks: 

 
• It is difficult to develop a suitable framework. Experience in the 

application domain is necessary when building a framework. 
• The documentation of the framework, since it is crucial for the framework 

user. If the frameworks are not supported by the necessary user 
documentation, they are not likely to be used. 

• Backward compatibility can be difficult to maintain. This since the 
frameworks evolve and become more mature over time and the 
applications built on the frameworks must evolve with it. 

• The debugging process can be complicated because it is difficult to 
distinguish bugs in the framework from bugs in the application code. If the 
bugs are in the framework, it can be impossible for the framework user to 
fix the bug. 

 
These disadvantages are also mentioned by [5], that it is usually hard to distinguish 

bugs in the framework from bugs in the application code and that the documentation of 
the framework is crucial [4]. I do agree with these factors and that they play a big role 
in the usability of an OO framework, but I also believe that there are ways to eliminate 
these problems. I will discuss this further in the discussion section 11.  
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3 THE .NET FRAMEWORK 

3.1 Introduction to .Net 
An application, designed for the .Net framework, can be implemented in many 

different ways. A programmer that is used to code in VB or C# would have no 
problem to develop or design an application that would run on a .Net platform [15]. 
These developers would not take full advantage of the .Net platform because the .Net 
platform is developed to be used with a more distributed approach. A very popular 
approach is a three-tier approach [10]. To understand what this approach means, we 
must understand the differences of a two-tier approach and a three-tier approach, but 
we must first define and understand what a tier is. According to [10] a tier is as 
follows:  

 
“A tier, or layer, is a collection or set of independent homogenous objects, each 

solving a small problem, that together solve a larger but common problem.” 
 
From this definition we can say that a tier, or a layer, is a set of classes or 

assemblies that solve a problem. An assembly is the logical unit that contains compiled 
code targeted at the .NET Framework [15]. 

3.2 Multi-tier Applications 
A two-tier application is an application that consists of two assemblies. A typical 

two-tier application is a client application using ADO.NET communicating directly 
with a database server, like Microsoft SQL Server™ [13]. ADO.Net is a set of libraries 
included with the Microsoft.Net Framework that helps communicate with various data 
stores from .Net applications [17]. A representation of the two-tier application is found 
in figure 3.1: 

 
 

 
Figure 3.1: A representation of a two-tier application. 
 
To develop this approach even further, the three-tier approach has divided the 

client application into different layers that each has a specific task. These different 
layers are as follows [13]: 

 

Client Application

ADO.Net 

Data 
Store 

• Presentation Layer. 
• Business Layer. 
• Data Access Layer. 

 
The client application has been divided into two layers. The Data Access layer is 

still the same, using ADO.Net, as in the two-tier architecture. To give a graphic view 
of the architecture, the three-tier approach can be found in figure 3.2: 
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Figure 3.2: A representation of a three-ti r architecture. 

ach layer is represented as its own assembly and compiled to its own dll-file. 
Com

• Development can be quick and easy because you can use data binding to 

• code by looking in just your forms. 

 
ooking at the three-tier design [13] gives the following advantages: 

• Centralizes business rules into a component that is easy to create, use, and 

• siness rules, as 

• he data access into a component. This means less repeated 

• ith maintenance, since changes to 

•  onto different physical 

 
When looking at the two sets of advantages, the first thing to notice is that, in a 

two

e
 
E
munication can only be performed between adjacent layers [15]. The Data Access 

layer represents a set of classes that uses ADO.Net. Since there are no rules of how a 
.Net application should be designed a developer can make a choice to add as many 
layer as the developer sees fit. The question is how many layers are suited for a typical 
organization or for future development of the application? Are the numbers of layer 
manageable in a further perspective? According to [13], there are a number of 
advantages and disadvantages with each design. When designing according to the two-
tier design [13] gives these advantages: 

 

Presentation Layer

Business Layer

Data Access Layer

Data 
Store 

connect an ADO.NET dataset directly to many of the controls used to 
build the user interface. This helps you get the basic functions of an 
application up and running quickly. 
You can see an application's entire 
There is no need to look at both your forms and into another component to 
see the code. 

L
 

re-use. This makes development and maintenance easier. 
Provides a high-level language in which to develop bu
opposed to using stored procedures and limited SQL language for business 
rule checks. 
Centralizes t
code throughout your application; each form that needs to access a specific 
table always uses the same component. 
Centralized data access routines help w
any data access routine need be made only once. 
Provides the flexibility to separate components
machines at any time. This helps with scalability and better centralization 
of code. 

-tier design, the developer can have a function, with all of its code in one specific 
form/class. When looking at the three-tier design, the ADO.Net functions are wrapped 
inside one class or a set of classes that only uses ADO.Net. In a reuse perspective, the 
three-tier design should be more suitable, because one class that uses ADO.Net can be 
called by many other different classes so the ADO.Net code isn’t bound to one specific 
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function. When looking further [13] specifies these different disadvantages with the 
two-tier design:  

 
• All business rules are contained in the front-end code. As a result, if you 

• n the database 

• e—SQL statements and business rules, for example—is often 

• used to load data into a dataset is more difficult if the 

 
urthermore, [13] specifies these following disadvantages with the three-tier 

des

• Development takes a little longer because you must build separate 

• w more components to track. This makes this development 

 
 a changing environment [13] suggests that a three-tier architecture would be 

mo

 layer, handles all of the interactions with the user 
[10

need to change a business rule, all clients must be updated. Unless you 
have an automated update approach, this can be a maintenance nightmare. 
Of course, if you use SQL Server, you can put some business rules into 
stored procedures to decrease maintenance time and costs. 
Although SQL can provide a level of abstraction betwee
structure and the rest of the application, field names are often hard-coded 
into the source code or control properties. If you change a field name, you 
have to find and replace every occurrence in your application. When data 
binding is involved, you also have to check all forms and change 
properties. 
A lot of cod
repeated throughout the application because various forms use some of the 
same tables. This makes maintaining this type of application very difficult 
because if you need to change the name of a table or a field, you have to 
change it in multiple places. It also requires extra regression testing in 
multiple locations. 
Changing the code 
source of that data changes. For example, if you use a text file to store 
your data and then switch to SQL Server, the access method is quite 
different. In addition, many areas will require code changes in order to 
load data into your application's dataset. 

F
ign: 
 

components. 
There are a fe
method a little more complicated to understand for new programmers. 

In
re suited because the transparency between the layers. For example, if a project 

chooses to change the database to a different provider or change the data structure, the 
only layer that needs to be changed is the Data Access Layer. The rest of the 
application doesn’t know, or need to know, about the underlying structure. To give a 
deeper insight of what each tier, a detailed view is presented below. 

3.3 Presentation Layer 
The presentation layer, the top

]. This layer could consist of buttons, text areas etc, namely all of the components 
that you will find on an html page or a window application form if the application is 
apt for the windows environment. This layer’s task is to gather or present information 
to the user. Minimum validation checks can be done at this layer, but if some actions 
need calculation or other logic operations, this is distributed to the Business Layer. 
Files that are situated in the Presentation layer are of two types, namely the aspx file 
and the aspx.cs file. If the code was written in VB.Net the second file would be named 
aspx.vb. The aspx.cs file acts as a code behind for the front aspx file and as the 
filename says, it is written in C#. An example is shown in picture 3.3: 
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Figure 3.3 
 
The aspx.cs file gathers all the information and sends it further down to the 

business layer. This is a typical set for a page or a form that is produced. If a developer 
should implement a form for customer registration, the form or page should be named 
Registration.aspx and the code-behind file will be, automatically named 
Registration.aspx.cs. 

3.4 Business Layer 
The business tier, the middle tier/layer, is where all the logic operations are 

performed [10]. The business layer retrieves the necessary information from the 
presentation layer and performs certain predefined operations, such as other programs 
would do. If the business tier would need data to perform its operation, it would pass 
the necessary parameters to the Data Access tier and wait the return values and then 
continue with its operation. The calculated results are returned to the presentation layer 
for presentation to the user. 

3.5  Data Access Layer 
The Data Access layer is the bottom layer. It is responsible for managing data to 

and from a Data Store. The Data Store could be a specific database, e.g., Microsoft Sql 
Server, Oracle or Access. Data management can be done in form of calling stored 
procedures, different web services, or producing direct Sql statements that are passed 
down to the database. The retrieved values from the Data Access layer is returned to 
the business layer for continuous operation. The Data Access layer uses ADO.Net [17] 
to perform its tasks. 

3.6 Common Layer 
As described above, the three-tier architecture has become a wide known concept 

in designing and implementing .Net applications [10, 13]. In later years, developers 
have found that three-tiered architectures don’t solve problems that arise in enterprise 
applications [13]. A new concept have then been introduced, namely a multi-tier 
architecture or an n-tier architecture. The three-tier architecture is a member of the n-
tier-architecture because it has n numbers of tiers, but the n-tier architecture is referred 
to as an application that has more than three tiers [13]. A representation of an n-tier 
architecture is found in figure 3.4: 

 

 
Figure 3.4: A representation of an n-tier architecture. 
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This is an example of an n-tier application that has four layers/tiers. As mentioned 
before, communication can only be performed between adjacent layers. The common 
layer, from the picture above, can communicate with all the other three layers. The 
common layer serves as support for the other three layers. A common task is to serve 
the Data Access layer with a connection string for connection to the database [13]. 
When developing n-tier applications, [13] recommends that all of the configuration 
settings are stored in one place, namely web.config for web applications and 
app.config for windows applications. These two different configuration files are 
located in the presentation layer. This presents several problems. One problem is when 
in a three tier architecture, the data access layer needs a connection string to connect to 
a database. The connection string is stored in the configuration file that is situated in 
the presentation layer and the data access layer cannot, from its current location, 
communicate with the presentation layer. It is then recommended by [13] that the 
common layer gets the connection string through a property and then makes the 
connection string available to the data access layer. 

 
Another task that belongs in the common layer are the object classes. When 

passing down data through the layers, it can be down in two ways: 
 
1. Calling functions with all the necessary parameters. 
2. Passing an object that wraps the necessary parameters. 
 
To give an example to the first option, a call to a function in the business layer 

could be performed as follows: 
 
BusinessLayerComponent blComp = new BusinessLayerComponent; 
blComp.AddCustomer(string pFirstName, string pLastName); 
 
Then the business layer has to pass that information on down to the data access 

layer. In most cases, a customer has more than just two attributes, and in an enterprise 
organization, the attributes tends to be many. To group these attributes the common 
layer can have property classes with get and set methods. These classes act as data 
carriers through the application. These classes are normally referred to as Entity 
Classes or Business Entities [13]. This supports the second option. To call the same 
function in the business layer, it could be performed as follows: 

 
BusinessLayerComponent blComp = new BusinessLayerComponent(); 
CustomerBusinessEntity customerBe = new 
CustomerBusinessEntity(); 
customerBe.FirstName = “Peter”; 
customerBe.LastName = “Smith”; 
blComp.AddCustomer(CustomerBe); 
 
The code above is done in either the presentation layer or the data access layer, 

pending on where the data is mapped. When passing this information through the 
layers the only data that is needed to pass is the customerBe object, because this object 
contains all the data that is needed. As mentioned before, that the advantage of an 
three tier architecture is that all business logic is contained in one layer, the same 
advantage is applied to this solution. If a data structure is altered, then the only code in 
the application that has to be altered is the entity object. 
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4 THE SERVICE ORIENTED ARCHITECTURE - SOA 
A software system rarely works alone, e.g. two software systems are not always 

implemented using the same technique or programming language. A way to solve this 
issue is to let multiple applications communicate with each other over a given network 
using the same standard for communication [21]. To understand the benefits of the 
Service Oriented Architecture, it is important to understand what a service is and what 
its purpose is. A web service is as follows [21]: 

 
“A Web Service is a software system designed to support interoperable machine-

to-machine interaction over a network.” 
 
The term Web Service can be very confusing because there is no exact definition 

of what a Web Service really is, but the definition above, gives an adequate description 
of what a Web Service is. A Web Service has some type of underlying computer 
system that supports the connection offered [20]. A software system can offer 
functionality to other software systems through a given network by exposing these 
methods as Web Services. Since a Web Service communicates using XML [20] it is 
possible for multiple applications or software systems to communicate with each other 
using this technique or standard. A Services Oriented Architecture, SOA, is an 
architectural style that can seamlessly integrate existing software to fulfill dynamic 
requests in a platform independent way [22]. A Service Oriented Architecture is 
therefore a collection of Web Services. Furthermore, a Service Oriented Architecture 
would then be a strategic approach rather than a specific technique or product [16].  

 
Traditional middleware is usually developed on monolithic and non-evolving 

entities, resulting in a lack of flexibility and interoperability [1]. The Web Service is 
appeared as a new computing paradigm with its distinguished interoperability 
capability through the lightweight communication protocol [22]. By including the Web 
Service approach when developing an OO Framework the applications built on the 
framework are more able to work in an SOA environment.  
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5 DESIGN PATTERNS 
When developing Enterprise solutions, software systems tend to be more and more 

complex. A normal approach to solve large enterprise systems is to break it down to 
smaller, more manageable, objects that are easier to understand and maintain. These 
small objects or components, together, solve a larger problem [6]. Before introducing 
the benefits with design patterns, we must first understand what a design pattern is. A 
design pattern is as follows [6]: 

 
”A design pattern is a description of communicating objects and classes that are 

customized to solve a general problem in a particular context“ 
 
A design pattern consists of four parts [6], namely: 
 
1. A pattern name that describes the name of the pattern. 
2. A problem which the pattern tends to solve. 
3. A solution, which explains how to solve the problem 
4. A consequence, which explains the trade-offs when using the pattern. 
 
There are numerous design patterns that solve many different problems. [6] gives 

24 different examples of design patterns that bring solutions to its different problem 
areas. The most commonly used patterns used in the Microsoft Enterprise Library are 
the Singleton pattern, Factory pattern, and the Observer pattern [13].  

5.1 Singleton Pattern 
The Singleton pattern is defined as follows [6]: 
 
”The Singleton Pattern ensures that a class only has one instance, and provides a 

global point of access to it“. 
 
To give a more technical approach of what the design pattern can solve, [13] 

provides the following example: 
 

”Consider the problem that an application contains a certain type of data that 
needs to be globally accessed and maintained. At the same time, this type of data is 
often unique in the system. How do you provide an accessible interface to a class, but 
control the number of instances within the system? “ 

 
The solution is that the class itself is responsible for creating a single instance and 

providing global access to that instance. Create a class that contains a static instance of 
the Singleton that is returned with a static method named GetInstance(). The pattern 
could be described in code by the following example [13]: 

 
public class Sender 
{ 

private static SenderInstance = null; 
private Sender() {} 
public static Sender GetInstance() 
{ 
if (SenderInstance==null) 
{ 

SenderInstance = new Sender (); 
    } 

return SenderInstance; 
} 

} 
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From this example, the class QuoteManager only returns a new instance only if the 

current instance is null.  A developer could of course check in another class of the 
current instance if the QuoteManager class is null and if it was null, create a new 
instance, but by implementing a class according to the singleton pattern the validation 
that there is only one instance of the object is done by the object itself. Not by another 
class. Thereby other classes don’t need to validate this.  

 

5.2 Factory Pattern 
The factory pattern is also known as the Virtual Constructor [6]. The definition of 

the factory pattern is as follows [6]: 
 
“A Factory pattern define an interface for creating an object, but let subclasses 

decide which class to instantiate. Factory pattern lets a class defer instantiation to 
subclasses” 

 
The example used by the Microsoft Enterprise Library uses the factory pattern to 

determine which connection object to use when connection to a database. In Asp.Net 
there are four default connection objects that can be used, namely 

 
• Sql connection 
• Odbc connection 
• Oledb connection 
• Oracle connection 

 
To make a reusable object, the object must be able to create connections to these 

different databases. The connection objects, in the list above, all inherits from the 
interface Idbc connection.  

5.3 Observer Pattern 
The observer pattern is also known as the Dependents, Publish-Subscribe pattern. 

The observer pattern is, according to [6]: 
 
“An observer pattern defines a one-to-many dependency between objects so that 

when one object changes state, all its dependents are notified and updated 
automatically.” 

 
The observer pattern consists of two parts, namely the subject and the observer [6]. 

Then relationship between these two is one-to-many and they are not tightly coupled. 
A graphical representation of the observer pattern can be seen in figure 5.1. 

 
Figure 5.1: A graphical representation of the observer pattern 
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As the figure shows, the observers don’t know about each others existence. If the 

data in the subject is altered, the subject notifies its observers and if one observer 
modifies the data in the subject a new change notification is sent to all other observers. 
As mentioned before, the different observers don’t know about how many observers 
are coupled to the subject but the structure makes the observers act as they were tightly 
coupled [6]. 
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6 MICROSOFT ENTERPRISE LIBRARY 
The Microsoft Developers Network [13] has been focusing on common 

development tasks that developers face every day. A certain region called Pattern and 
Practices have developed blocks to solve these implementing problems. These blocks 
are called Application Blocks. Different versions of the application blocks have been 
released since 1997 from Pattern and Practices. The latest release was on November 7th 
2005. This release was apt for the new version of .Net 2.0. The application blocks 
contained in that release was: 

 
• Data Access Block 
• Logging Application Block 
• Cache Application Block 
• Exception Handling Application Block 

 
The purpose of these application blocks, as was mentioned before, is to solve or 

aid common implementation tasks or problems. The blocks contain numerous of 
classes that can be used when developing an application for the web or windows 
operating system. A representation of how the architecture can be used can be found in 
figure 6.1: 

 

 
 
Figure 6.1: A representation of how an application block can be used in an 

application. 
 
Both the application block and the actual application use the same configuration 

file. The application block contains several amounts of classes, and functions, which 
can be directly accessed. A detailed description each application block is given in the 
following sections. 

Application 

Application Block 
Configuration file 

6.1 Data Access Block 
The Data Access Application Block, DAAB, is a block that aims to solve 

development problems that occur when implementing classes that use data access [13]. 
The block is implemented using different design patterns [13], so the connection 
between the DAAB and the database is done by using an interface that implements the 
most common connections e.g. SQL Server, Oracle, OLEDB and ODBC. The 
application block, as well as the other blocks, is configured from the configuration file. 
In order to make the DAAB to work, it needs two values, namely a connection string 
and a provider. The connection to a specific database is determined on which provider 
is specified in the configuration file. All this is done at runtime. The advantages to this 
approach is that if a project changes database in the middle of a project only the 
provider and connection values has to be altered because the rest of the code is done 
using the interface that implements the four larger database providers. The connection 
string and provider problem is only one aspect that the DAAB solves. When retrieving 
data from a specific provider it is necessary to use the specific commands in order for 
that to work. For example, a command sent to a Microsoft Sql Server needs a 
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DbCommand, while an Oracle database needs an Odbc command, an Access database 
need an OLEDB command, and so on. All of these commands inherit from the 
interface Idbc interface and the DAAB determines, at runtime, which command to use 
by retrieving the data provider from the configuration file. This approach is similar to 
the design pattern approach. 

6.2 Logging Application Block 
As was mentioned before, the application blocks use a configuration file to set 

what boundaries to work within. This applies most to the Logging Application Block, 
LAB. When implementing log functions in Visual Studio 2005, it can be implemented 
so that a function or class can log its events two four different sources [13]. The log 
from a specific task can be sent to the following sources: 

 
• Event Log  
• An email address through SMTP 
• Written to a text file 
• Database 

 
When implementing these functions, some additional information is needed other 

than the specific call to the log function, included in the .Net framework. A Log Entry 
can only be logged to one source at a time. The LAB solves most of these problems 
and makes it possible to log an event to one or more sources in one call. This reduces 
the code needed for this operation extensively. By defining the different sources in the 
configuration file no further configuration is needed. The next task is to create a new 
instance of the Log class, and call the appropriate function to use. To further describe 
the functionality of the LAB review the following example.  

 
When looking at a simple configuration of the LAB the configuration can look as 

follows: 
 
<loggingConfiguration tracingEnabled="true" 

defaultCategory="General">   
  <categorySources> 
    <add name="Data Access Events" switchValue="All"> 
      <listeners> 
        <add name="Flat File Destination"/> 
      </listeners> 
    </add> 
    <add name="General" switchValue="All"> 
      <listeners> 
 <add name="Event Log Destination"/> 
      </listeners> 
    </add> 
</loggingConfiguration> 
 
As the example shows, the default category source is General. What this means is 

that if we call a log function, e.g., log.write(string message), it is routed to the default 
category source, in this case the General category source. Furthermore, if a message 
should be logged to another category source other than the default source the function 
call should be log.write(string message, string source). One of the great advantages 
with the LAB is that you can input an array of sources and the LAB will log an event 
to each source specified within the array. What is not shown in the example above is 
the specification of the listeners. Listeners are configuration sections used to alter the 
way you want a specific log to be written. For example, the listener “Flat File 
Destination” could be altered so that a developer can input headers and footers to 
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separate each log entry that occurs. There is one listener for every source. In this case 
there are four listeners. 

 

6.3 Cache Application Block 
The Cache Application Block, CAB, is the third block in the Microsoft Enterprise 

Library [13].  It handles all operations regarding caching of data. The greatest benefit 
when using the CAB is that there are many configurations that a developer can set in 
the configuration file when using the CAB. For example in a failover situation, when a 
software system has two servers running a service and these servers are implemented 
as an active-active design, it is possible to load back the cache from a cache back-in 
store situated on a third server. An active-active design is where two or more 
computers are online at the same time, providing a service and sharing the workload. 
The other approach is an active-passive approach when one server acts as a backup if 
the primary server fails. The backup server then resumes operations if the primary 
server fails.  Before the failed server becomes operational again it has the ability to 
load the cache from the third server, the back-in store, before going online. Other 
beneficial factors are that a developer can set the number of items that should stored in 
the cache and how long they should be stored before they are deleted.  
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7 WINDOWS/WEB APPLICATION FRAMEWORK - 
WAF 
The Windows/Web Application Framework, WAF, was first developed at 

Capgemini 1997, in the VB6 programming language. Since the introduction of the .Net 
framework, WAF was redeveloped to be applicable to the .Net framework. WAF was 
then referred to as WAF.Net.  

 
The overall purpose of WAF.Net, according to the authors/developers, is to enable 

developers to focus more on business demands rather than technical issues. The 
framework will ease several development tasks on a technical level that will free more 
time for issues that are related to the requirements of the application. 

 
The WAF.Net Framework consists of a set of classes and scripts which intent is to 

help developers with every day problems. WAF.Net gives a complete structure but 
only one project gives implementation support, namely the Utility project. Other 
projects included in the framework are only created to give an application architecture. 
Classes that are included in WAF.Net Utility project are specified below: 

 
• ADAccessor.cs - The ADAccessor class is used for operations on different 

Active Directories. It has functions that perform common tasks regarding 
Ad users, groups and computers.  

• EmailUtility.cs - The EmailUtility.cs class performs operations that are 
necessary when sending emails. A developer that uses this class can call a 
function from the EmailUtility.cs class and send an email using only one 
line of code. 

• IPUtility.cs - The IPUtility.cs class is implemented so that it will return the 
IPaddress from the server that the application is running on. 

• ControlUtility.cs - The ControlUtility.cs class is used for checking that 
necessary information is passed correctly to the business tier/layer. 

• DataAccessorBase.cs - The DataAccessorBase.cs class includes common 
operations that are used when retrieving data from a database. 

• EventLogger.cs - The EventLogger.cs class performs log operations into 
the Windows Event Log.  

 
Other classes that are included in WAF.Net are script files to give an example of a 

database example and a starting page that will act as an introduction page at project 
initialization.   
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8 CAPGEMINI DEVELOPMENT FRAMEWORK - CDF 
The Capgemini Development Framework, CDF, was the Object Oriented 

framework that I implemented as a part of my master thesis. When I applied for a 
project at Capgemini, I suggested the idea of implementing a development framework 
in C#.net, which should act as a base for new development at Capgemini. The original 
idea came from a friend of mine that works at the Capgemini Stockholm branch. The 
CDF framework has gone through many iterations and questions such as how the 
structure of the framework should look like and what support classes should be 
included and implemented.  

8.1 Purpose 
The purpose of the Capgemini Development Framework, CDF, is to give a 

complete structure when developing applications in Microsoft Visual Studio 2005 and 
Asp.Net 2.0. CDF aims also to give a complete catalog structure outside the Visual 
Studio environment. Another purpose of the CDF framework is to unify development 
so that code and structures should be more easily understood within the organization.  

8.2 Architecture 
The architecture of the CDF framework is mainly focused on the solution in Visual 

Studio. The architecture in Visual Studio.Net 2005 is based on the Microsoft 
Enterprise Project structure. The enterprise Project structure inherits from the n-tier 
architecture described in section 3.2. A graphic representation of the CDF architecture 
is given in figure 8.1. 

 

 
 
Figure 8.1: A representation of the Capgemini Development Framework. 
 
The CDF framework also provides a structure of the file system in the operating 

system. The recommendation for the folder structure is as follows: 
 

• Doc – Project Documentation 
• Db – Database Specific information 
• 3App – Third party applications 
• Src – Source code 
• Release – All releases 
• Test – All things related to test. 
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The reason for this structure is that every developer that has worked with the CDF 

framework before should be familiar, when being allocated to a project. When looking 
at the structure of the .Net solution in Visual Studio, there are three projects in every 
layer. A detailed description of each layer is provided below: 

 

8.2.1 User Interface Layer 
The CDF framework is not focused on the User Interface Layer. The reason for 

this is that the user interface may differ pending on the project. The user interface 
application could be an application developed using java, EPI Server and so on. When 
the CDF framework is initialized, a default windows or web application is set as a user 
interface, pending on which template the developer chooses to create in the new 
dialog. This layer can be removed at any time. It has no dependencies two the other 
underlying structure because it is the top layer. 

 

8.2.2 Business Layer 
The Business Layer of the CDF framework consists of three underlying projects. 

The first project is Business Entities. This project handles all entities that will be used 
within the framework. As mentioned before, entities can be typed datasets or different 
property classes. These are the objects that act as data carriers between the different 
layers. 

 
The next project in the Business Layer is the Business Component project. In a 

classical n-tier structure defined by Microsoft, the business component project could 
act as a business layer itself but business entities were separated from this project just 
to clarify the solution structure. All logic operations are performed within this project. 

 
Finally, the last project in the CDF framework is the Service Interface project. This 

project consists of numerous of classes that act as web services to support the Service 
Oriented Architecture.  

 

8.2.3 Data Access Layer 
The first layer and top project of the Data Access Layer is the Data Facades 

project. The purpose of this project is to give transparency to overlying layers so that, 
e.g., the Business Layer doesn’t need to know where to gather the information. An 
example of this is if the Business Layer requests all users in a system, the Business 
Layer calls a function in the Data Facade project. The facade class then retrieves the 
users, e.g., both from a database and an Active Directory. When the data is retrieved, 
the facade class then populates a business entity and returns it to the business 
component.  

 
The Data Access Component project is the second project in the Data Access 

Layer. It consists of classes, Dacs, which either uses direct TSql statements or calls to 
stored procedures in a database.  

 
The final project is the Service Gateway project. This project is developed to 

support the Service Oriented Architecture. The project consists of classes that call 
other web services over a given network to retrieve its information or data. 
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8.2.4 Common Layer 
The Common Layer’s first project is the Common project. The Common project 

consists of two wrapper classes namely: 
 

• Log.cs 
• Cache.cs 

 
The Log class acts as a wrapper class for the Logging Application Block 

developed by Microsoft Patterns and Practices. This class exposes functions that were 
found to be useful when using logging operations. All of the functions that are within 
the Logging application block are not exposed in the wrapper class because it was 
found that these functions were not needed.  

 
The second class is Cache. The cache class also acts as a wrapper class for the 

Caching application block, also from Microsoft. This time, all of the functions were 
exposed because they were found to be needed.  

 
The purpose of using wrapper classes even if some of them expose all of the 

functions in a block is that if/when an update is needed to the Enterprise Library the 
update doesn’t affect the application code directly. If change is needed, the wrapper 
class could be modified to map to the correct function with the correct values. This 
means that the developer that uses the framework will not notice an update of the 
Enterprise Library. 

 
The second project is the Configuration project. This project is delivered with two 

initial classes, namely: 
 

• Configuration 
• Constants 

 
The configuration class is used for retrieving data from the configuration file in the 

project. Configuration settings used by the Enterprise Library is not needed to be 
specified in the Configuration.cs file because the different blocks handle that by 
themselves. Configurations wrapped in this class could be Active Directory settings 
and SMTP settings for mail servers.  

 
The constant class is developed to gather all of the constants used in the 

application that exceeds more than one class. 
 
The last project in the Common Layer is the Utility project. The Utility project can 

be seen as a class library with classes that solve common development problems. 
Examples of classes in the Utility project are: 

 
• ADUtility.cs – Handles all Active Directory operations 
• IPUtility.cs – Handles all operations regarding ip, hosts and domains. 
• EmailUtility.cs – Handles all operations that arise when sending mails. 

 
The idea of these classes originated from the WAF.Net framework. These classes 

were later modified to be more stable and understandable. The utility project will in a 
longer perspective act as a code library where developers can submit suggestions of 
useful classes that could be used within upcoming projects.  
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9 EVALUATION METHODOLOGY 
To evaluate the two different frameworks, WAF.Net and CDF, I decided to focus 

on the following aspects, namely: 
 

• Development Productivity 
• Performance 
• Maintainability 

 
A more detailed of each aspect is given in the following sections.  

9.1 Development Productivity 
When I measured the development productivity I measured the following: 
 

• Development time 
• Number of classes used. 
• Number of classes used that was covered within each framework. 

 
When I measured the development time I didn’t count the time it took to 

understand what the application should solve hence the two different applications, 
implemented on the two different frameworks, should solve the same problem. The 
number of classes used was the total number of classes that were created on top of 
each framework when I developed the application. The numbers of classes used in the 
framework were the classes that acted as implementation support when implementing 
the application. 

9.2 Performance 
Because the two frameworks differ in size, I felt it was necessary to measure the 

performance between these two. The performance tests were made by exposing the 
developed application using the internal web server built in the Windows XP operating 
system, namely IIS, Internet Information Service. The client computer then made 
multiple requests to the server and the time was measured for the response and 
presented on the client side. Five different sets of calls were made and the average 
response time was presented on the client side.  

9.3 Maintainability 
To measure the maintainability between the two frameworks, some change 

scenarios were set up to simulate a changing environment. Theses scenarios were as 
follows: 

• Change of the database. 
• Changing the user interface of the application 
• Adding multiple users. 
• Developing a search function. 

 
The results from these scenarios are given in section 10. 
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10 COMPARATIVE EVALUATION OF WAF & CDF 
To compare these two frameworks and to see advantages and disadvantages in a 

larger perspective, a small case study was conducted to see the trends of benefits and 
problems of each framework.  

10.1 Case study description 
The study was to develop a web application project for a residential building. The 

project was then conducted two times, the first time using the WAF Framework and 
the second time using the CDF framework. The web application should have one 
front-end website that described the residential building’s organization and other 
information that could be useful for both tenants in the building and potential buyers. 
The application should also provide a limited number of administrators with a back-
end interface. This interface should have the ability to alter the text, images, links, and 
documents that were presented on the front-end web site. The application should also 
have a member section where the members of the residential building could log into 
and, e.g., report errors and faults in their apartments. These reports or case logs should 
be presented in the back-end of the application. The manager should later have the 
ability to print a special case log and assign it to a specific janitor which would deal 
with that error. The back-end part of the application should send an email to a 
responsible person every time a new case log was made in the system. The mail 
functionality should also present the opportunity for administrators to send an email to 
every tenant in the building. The application should also have expansion possibilities 
to extend the case log notification to sms services. Details of the evaluation of the two 
frameworks are presented in the following subsections. 

10.2 Development Productivity 
The development productivity or the development time was measured after that the 

graphical design was decided. The two systems had the same user interface but they 
differed in the underlying design and logic. As table 10.1 shows the WAF.Net based 
application where completed up to 70% and the development time it took to get to that 
state was 90 h of development. 

 
Since the CDF framework was suited with a number of classes that supported web 

development, and that they where easy to understand, it was only necessary to call the 
requested hook method to perform a specific task or function.  

 
 

Table 10.1: Statistics from the evaluation between the WAF.Net and the CDF framework. 
 
 
 
 
 

Framework 
Nr of classes 
implemented 

Nr. Of classes used in 
the framework Development time 

WAF.Net 68 2
90h – Not finished 

(70 % Complete)
CDF 41 25 60h
Difference 
(WAF - CDF) 27 -23 30h

 
 
 

 
 
From the statistics from table 10.1 the difference in the number of classes 

implemented was 27. This means that the WAF.Net framework, at it current state, has 
27 classes more than the CDF framework. The application that was developed with the 
WAF.Net framework wasn’t finished due to time but the estimated completion was 
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70%. At this state I could clearly see a difference between the two frameworks. The 
WAF.Net framework at the current growth rate would be approximately 97 classes and 
the development time would exceed to 130 h of development, but this is only an 
approximation. 

 

10.3 Performance 
To measure the performance between the two frameworks, I performed calls to a 

stored procedure called “GetUsers”. The methods called the stored procedure and 
filled a dataset. A timer was set just before the call and right after that the dataset was 
populated with the results and presented to the client. The results of this operation are 
presented below: 

 
 

Table 10.2 – Results from performance tests between WAF.Net and the CDF Framework. 
 
 
A

s
 
m 

Framework 100 runs 500 runs 1000 runs 1500 runs 2000 runs 
WAF.Net (ms) 47 219 578 692 859
CDF (ms) 63 328 672 892 972
Difference (WAF - CDF) -16 -109 -94 -200 -113

 
As the results show there was a difference between the two frameworks. The 

WAF.Net framework gave faster results at each run. The results presented in table 10.2 
are the average value from each set of runs.  

10.4 Maintainability 
To measure the different applications maintainability I identified different 

scenarios that would jeopardize the maintainability of the application. These scenarios 
were as follows:  

 
• The change of the database. 
• Adding more users.  
• Change the UI of the application 
• Search function 

 
The scenario that changed the database, to an Oracle database, produced little 

reengineering to the application implemented on the CDF framework because the 
connection string and the data provider were the only two parameters that had to be 
changed. On the other hand, every stored procedure call made in the application 
implemented on WAF.Net framework had to be reengineered because the application 
used the Sql client interface that is only apt for Sql server. If the change of the 
database was made to a database not covered by the Idbc interface, I believe the 
impact on the two applications should be the same.  

 
When adding more users to the different software systems the only changes were 

made at database level. No reengineering had to be done to neither of the applications.  
 
The change of the UI environment gave some alteration in the application that was 

built on the WAF.Net framework because the aspx file acted as the UI layer and the 
aspx.cs file acted as the logical layer. The alteration had to be done because these two 
“layers” were too tightly coupled.  
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When implementing the search function it was no significant difference between 
the two frameworks, but I believe that some reengineering has to be done if the search 
function should be altered at a later state. This because the tight coupling in the 
WAF.Net framework.  

10.5 Advantages and Disadvantages with WAF 
From the case study of the WAF.Net framework, the first advantage was that each 

class was implemented as a stand alone class. This means that a developer doesn’t 
need to use the whole framework. He/she can choose to extract one particular class on 
to another project.  

 
The first disadvantage with the WAF.Net framework was that it was very hard to 

set up. To be able to use the WAF.Net framework, all the necessary files had to be 
copied to the correct directory in order for it to work. Other files, such as database 
script, were situated well berried in the release package and the integration with the 
development tool, Visual Studio.Net, was virtually none. The second disadvantages 
with the WAF.Net framework was that the classes were poorly documented and that 
minimal checks/validations were used. This mean that the developer had to now a lot 
of the underlying structure when using classes from the WAF.Net. It was hard to know 
if one error was caused by the application code or the code within the framework. 

 

10.6 Advantages and Disadvantages with CDF 
One of the larger advantages with the CDF framework was that it was designed to 

deal with Business Entities. Business Entities can be implemented in two ways, 
namely: 

 
• Using Typed DataSets. 
• Using Property Classes. 

 
One of the advantages with the n-tier architecture, described in 2.2, is that a 

developer doesn’t need to know about the underlying data structure when developing 
the interaction components at the presentation layer. When presenting multiple rows of 
data in a Dataview or Gridview, the Gridview has to have a data source from where it 
can find the data to present. If you are not using business entities you have to bind the 
Gridview to a datasets, which in a large application can give lack of performance [13].  

 
To give an easy example of when you are presenting a string of data on a label 

component, collected from a database you have to write the following code to present 
that specific data: 

 
Label.Text = DataSet.Table[0].Row[0][“FirstName”].ToString(); 
 
The problem here is what if the data structure is altered. The column “FirstName” 

is changed or there is no table at position 0. This will result in an error at runtime1. 
When the design is made to encapsulate the data specific code in the data access layer, 
the problem is still not solved if the presentation of data is done in this example.  

 
This is where business entities are a good solution to solve this problem. A 

business entity encapsulates the values that are returned from any data store so that the 
overlying layers don’t need to know about the underlying data structure. To perform 
the same operation that we used in the example above the code should look like this: 

                                                      
1 Runtime is when the user is running or using the application 
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Label.Text = user.FirstName; 
 
Hence, in the user business entity class there is a property that gets or sets the 

value of the firstName value. If the data structure is altered or that no data is returned, 
it will not result in an error at runtime. It would only in the example above return an 
empty string.  

 
Another way to use business entities is to use Typed DataSets. They are quite 

similar to the property entity classes, but they represent a transparent view of a specific 
table or view in the database.  

 
The largest disadvantage with the CDF framework is that it can’t possibly cover 

every development situation that arises. From the analysis phase early in the project 
cycle, I found that the framework should be quite complex, and that this would be a 
large disadvantage at first because the learning curve would be high for both new and 
experienced developers. The CDF framework should, hopefully, over time mature and 
be tested in many different situations so that developers learn how to use the 
framework and thereby the use of the framework should increase and the defect 
density should decrease. 

 

10.7 Summary of evaluation results 
There was a significant difference between the two frameworks. The factors that 

significantly separated the two frameworks where: 
 

• Lines of code implemented in the project and classes used. 
• Development time. 
• Structural aspects 

 
To summarize the results from the case study the WAF.Net framework had faster 

response time, but the classes included in the framework was poorly documented and 
the architecture was not described, so it gave opportunities to misinterpretation. It was 
also hard to distinguish errors from own developed code and errors in the framework 
because the in data was not specified in the function heads. The maintainability of the 
WAF.Net framework was also hard to manage because the tight coupling. 

 
The CDF framework gave slower results from Data Access calls through stored 

procedures, but the architecture was better described and the classes were well 
documented. This made the maintainability easier to accomplish and the 
documentation of the architecture of the CDF framework gave little room for alternate 
interpretations. 
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11 DISCUSSION 
After evaluating these two different frameworks, there were some aspects I found 

was hard to measure. One aspect was the quality between these two frameworks. The 
reason for this is that quality is hard to measure. When I address quality I mean a 
software system that has a low defect density. Furthermore, by having a software 
system with low defect density, the software should be more stable. In able to produce 
high quality software it is necessary that all of the components are well tested. When 
implementing components in a software system the project mostly has a limited time 
for tests. This means that all of the aspects are not tested due to the time spent for 
testing. [18] gave an example how application specialist could develop reusable 
components. If these components were included in numerous of projects thereby these 
components would be tested more often than components that only occur in one 
specific software system. The reusable implemented components would also be tested 
through different aspects because these components work in different software systems 
that must meet different software requirements. By time, these components should 
evolve to be more stable, have fewer defects and evolve with the current changing 
requirements that the systems face [4]. A study conducted by [2] showed that there 
was a significant benefit from reuse in terms of reduced defect density and rework as 
well as increased productivity. This is also confirmed by [5].  

 
Another aspect is the structure that the different frameworks provided. The 

WAF.Net provided some structure, namely underlying empty project while the CDF 
framework had a user example that showed how to write the code and what that 
specific sub project was designed for. Confusion could arise in the WAF.Net 
framework because no example was given. From these experiences I found that in 
order for frameworks to give the desired support, the domain that the framework 
should work within should be thoroughly analyzed. Frameworks are, in my opinion, 
very domain specific and when developing a certain framework, the developers should 
only focus on one problem domain at a time. Other criterias that needs to be included 
within a framework are as follows: 

 
• Complete structure – A framework should give a complete structure to 

help and streamline developers to work towards the same goal. By 
unifying development within a specific domain it is easier to advance the 
knowledge within the specific organization rather than individuals. A well 
defined solution structure eliminates confusion between developers and 
aids new development. 

• Well documented – A framework must be well documented so that both 
new and experienced developers can understand the different components 
captured within the framework. One other aspect that I didn’t calculated is 
that if the components within the framework are well documented 
developers are able to learn from the framework or from a specific 
component, developed by someone who has his/hers expertise in that area.  

• Iterated at least one time – A framework must be iterated at least one time 
to see if the different components act as they did at first implementation. 
The components within the framework will be tested from a new 
perspective and it should become more stable from each iteration the 
framework goes through. An increasingly stable framework should 
produce a more stable product.  

• SOA oriented – In order for the application to work with other 
applications it’s crucial that the application that is built on the framework 
has interfaces both for retrieving and getting data from other applications. 
This functionality should be wrapped within a specific part of the 
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framework. The framework should represent this part as its own logical 
unit. 

• Utility classes – A framework should provide some utility classes that 
solve common development problems that arise within the specific domain 
were the framework is designed for. The utility classes differ depending 
on its environment or problem domain. 

 
The CDF framework was developed using the Enterprise Library application 

blocks. By using these block I got one major advantage. The Enterprise Library was 
developed by Microsoft Patterns and Practices as a framework itself, but 
recommendations from the Patterns and Practices team were also to use only those 
blocks that you saw fit for your application or framework. The advantage that I got 
was that the Enterprise Library is well documented, not only by Microsoft but by all 
other developers that has chosen to use the Enterprise Library or parts of it. Therefore 
developers that use the CDF framework could automatically get additional samples in 
how to use the different blocks and know certain issues that the blocks bring. The 
understanding of the CDF framework would then be greater than in the WAF.Net 
framework because the foundation of the Enterprise Library application blocks.  
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12 CONCLUSIONS 
From the evaluation between the CDF and the WAF.Net framework I found that it 

was more beneficial to use the CDF framework. The development, using the CDF 
Framework, gave shorter development time, larger extensibility capabilities, and the 
applications maintainability was more preserved. Due to the size of the CDF 
framework, the response time was slower than in the WAF.Net framework.  

 
From the literature studies, studies have shown that development time is directly 

related to project costs. If a framework can reduce the development time and defect 
density it should be more cost effective, but the return of investment by developing a 
framework must also be taken under consideration.  

 
I implemented the CDF Framework by looking at the Enterprise Template projects 

provided by Microsoft. These are not projects but guidelines in how a large application 
should be designed. By analyzing these different Enterprise Templates by Microsoft I 
designed, a new solution structure that would fit the development made at Capgemini. 
The recommendation in using the Enterprise architecture was also made by [16, 19]. It 
is very hard to answer the question if the CDF framework is suitable for enterprise 
environments because different enterprises have different problem domains but since 
the CDF framework was developed in close relation with Capgemini the CDF 
framework is designed to solve development problems within the Capgemini 
organization. 

 
To make the CDF framework ready for future updates, I wrapped the different 

application blocks so that there is only one class that can access these blocks from the 
CDF framework. For example, the Log and Cache class wraps certain functionality 
that was chosen to be exposed within the CDF Framework. This makes future updates 
much easier because if an update of a block is necessary, the update doesn’t affect the 
application code directly. For example, the Log class brings some scalability so that if 
updates two the Logging Application Block, LAB, is needed, these changes can be 
done only to the Log class or other classes that wraps the applications blocks within 
the CDF framework.  
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13 FUTURE WORK 
For future work it is crucial that the CDF framework should be tested in a more 

realistic development environment, before it is taken into a live production situation. 
The early evaluation project, covered in this thesis, showed that there were many 
beneficial factors when using the CDF framework than building the application from 
scratch. During my research project I discovered new functionality that couldn’t be 
implemented due to time. This functionality was the introduction of unit testing, since 
unit testing has been improved in the 2005 release of Visual Studio and Asp.Net 2.0. 
When introducing the CDF framework in a more realistic environment, the structure 
may be altered because of the needs for a different structure may be present. The 
realistic structure is hard to develop because during the initial development the CDF 
framework was still very theoretical. As mentioned before, the framework must mature 
over time to benefit productivity and quality and thereby decrease the defect density.  
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Appendix 
 
A list of all the classes within the CDF framework. 
Capgemini.CDF 
 Capgemini.CDF.UI 
  Capgemini.CDF.UI.Application 
   Default.aspx 
   Overview.aspx 
   Example.aspx 
   Config.config 
   Stylesheet.css 
 Capgemini.CDF.Business 
  Capgemini.CDF.Business.BusinessComponents 
   UserBC.cs 
  Capgemini.CDF.Business.BusinessEntities 
   ADUserDataSet.xsd 
   UserDataSet.xsd 
  Capgemini.CDF.Business.ServiceInterfaces 
   UserSI.cs 
 Capgemini.CDF.Common 
  Capgemini.CDF.Common 
   Cache.cs 
   Log.cs 
  Capgemini.CDF.Common.Configuration 
   Configuration.cs 
   Constants.cs 
  Capgemini.CDF.Common.Utilities 
   ADUtility.cs 
   EmailUtility.cs 
   EmailUtility.cs 
 Capgemini.CDF.DataAccess 
  Capgemini.CDF.DataAccess.DataAccessComponents 
   UserDac.cs 
  Capgemini.CDF.DataAccess.DataFacades 
   UserDataFacade.cs 
  Capgemini.CDF.DataAccess.ServiceGateways 
   UserSG.cs 
   Settings.cs 
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