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Foreword

The first time I ever heard from Alessandro was through my blog contact form. A few
years ago he reached out to me about his interest in donating an article to the Visual
Basic Developer Center on MSDN. Reading his email, it was immediately apparent that
Alessandro was passionate about programming and particularly the Visual Basic language.
With a quick Internet search I was at his blog and learning about him and the Visual
Basic Tips and Tricks community. Not long after we published his first article, Alessandro
was awarded Microsoft Most Valuable Professional (MVP) for his exceptional community
leadership and technical expertise.

I remember at the time how fun it was working with Alessandro and to see his excitement
and passion for the developer community—something we both share. Today he continues
to help me with the VB Dev Center to provide training content for developers. I always
smile when I get an email from Alessandro, because I know he’s going to reach out to
help by sending me more articles or ideas on improving the site. When he told me he was
writing this book, I was excited for the VB community, because I know how much his
online content helps the community today. And the passion he has for Visual Basic
comes through in everything he writes.

Visual Basic is an amazing language. I started picking it up around 2000 with the release
of .NET and it really helped me navigate the vastness of the platform. Particularly things
like background compilation and Intellisense gave me immediate cues about whether the
code I was attempting to write was correct. Also, coming from a more dynamic language
background, it was much easier to write the types of data-oriented systems I was building
using a language that was both static and dynamic at the same time. With the release of
Language Integrated Query (LINQ), data became much easier to work with and Visual
Basic’s support for LINQ is extremely full featured with its set of expanded query opera-
tors and easy to use language syntax. Coupled with the latest features in 2010 like
implicit line continuation and multiline and statement lambdas makes Visual Basic one of
the premiere modern programming languages of today. Millions of developers agree.

This book takes you on a journey through the .NET platform through the eyes of a Visual
Basic developer. If you're just learning the platform this is a great place to start as
Alessandro begins with the basics of the platform and the language, and then touches on
a variety of different application development technologies and techniques. If you're
already programming on the .NET platform, then this book will show you what’s new,
not only in the Visual Basic language, but also the .NET Framework 4.0 and Visual Studio
2010. I am personally very excited about this release.

Alessandro explains these concepts in a way that is very easy to understand with a
language that’s easy to use and his passion comes through in every paragraph. I know you
will find this book filled with tips and tricks as well as development methodologies that
you can apply to the modern applications you are building today. I really enjoyed reading
this book and I'm sure you will too.

Beth Massi
Senior Program Manager, Microsoft Visual Studio
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CHAPTER 1

Introducing the .NET
Framework 4.0

As a Visual Basic 2010 developer, you need to understand
the concepts and technology that empower your applica-
tions: the Microsoft .NET Framework. The .NET Framework
(also simply known as .NET) is the technology that provides
the infrastructure for building the next generation’s applica-
tions that you will create. Although covering every aspect
of the .NET Framework is not possible, in this chapter you
learn the basis of the .NET Framework architecture, why it
is not just a platform, and notions about the Base Class
Library and tools. The chapter also introduces important
concepts and terminology that will be of common use
throughout the rest of the book.

What Is the .NET Framework?

Microsoft .NET Framework is a complex technology that
provides the infrastructure for building, running, and
managing next generation applications. In a layered repre-
sentation, the .NET FrameworKk is a layer positioned
between the Microsoft Windows operating system and your
applications. .NET is a platform but also is defined as a
technology because it is composed of several parts such as
libraries, executable tools, and relationships and integrates
with the operating system. Microsoft Visual Studio 2010
relies on the new version of the .NET Framework 4.0. Visual
Basic 2010, C# 4.0, and F# 2010 are .NET languages that
rely on and can build applications for the .NET Framework
4.0. The new version of this technology introduces impor-
tant new features that will be described later. In this chapter
you get an overview of the most important features of the
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.NET Framework so that you will know how applications built with Visual Basic 2010 can
run and how they can be built.

Where Is the .NET Framework

When you install Microsoft Visual Studio 2010, the setup process installs the .NET Framework
4.0. .NET is installed to a folder named %windir% \Microsoft. NET\Framework\4.0. If you
open this folder with Windows Explorer, you see a lot of subfolders, libraries, and
executable tools. Most of the DLL libraries constitute the Base Class Library, whereas most
of the executable tools are invoked by Visual Studio 2010 to perform different kinds of
tasks, even if they can also be invoked from the command line. Later in this chapter we
describe the Base Class Library and provide an overview of the tools; for now you need to
notice the presence of a file named Vbc.exe, which is the Visual Basic Compiler and a
command line tool. In most cases you do not need to manually invoke the Visual Basic
compiler, because you will build your Visual Basic applications writing code inside Visual
Studio 2010, and the IDE invokes the compiler for you. But it is worth mentioning that
you could create the most complex application using Windows’s Notepad and then run
Vbc. Finally, it is also worth mentioning that users can get the .NET Framework 4.0 from
Microsoft for free. This means that the Visual Basic compiler is also provided free with
.NET, and this is the philosophy that characterizes the .NET development since the first
version was released in 2002.

The .NET Framework Architecture

To better understand the structure of the .NET Framework, think about it as a layered
architecture. Figure 1.1 shows a high-level representation of the .NET Framework 4.0
architecture.

The first level of the representation is the operating system; the .NET layer is located
between the system and applications. The second level is the Common Language Runtime
(CLR), which provides the part of the .NET Framework doing the most work. We discuss
the CLR later in this chapter. The next level is the Base Class Library (BCL), which provides
all .NET obijects that can be used both in your code and by Visual Basic when creating
applications. The BCL also provides the infrastructure of several .NET technologies that
you use in building applications, such as WPF, Windows Forms, ASP.NET, WCF, and so on.
The last level is represented by applications that rely on the previous layers.

DIFFERENCES WITH PREVIOUS VERSIONS

If you upgrade to Visual Basic 2010 from Visual Basic 2008, the main difference that
you notice is that .NET 4.0 is a standalone infrastructure. You may remember that .NET
Framework 3.5 was instead an incremental framework that needed the prior installation
of .NET 2.0 and .NET 3.0. For example, LINQ was part of .NET 3.5 whereas WPF was
part of .NET 3.0 and Windows Forms was part of .NET 2.0 (see Figure 1.2 for a graphi-
cal representation). With .NET 4.0 this incremental structure disappears, and all the
frameworks, BCL, and tools are part of the new version.
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FIGURE 1.1 The .NET Framework 4.0 architecture.

FIGURE 1.2 The incremental architecture of the .NET Framework 3.5 SP 1.
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Although the various frameworks exposed by the BCL are discussed later in the book, in this
chapter, now you get an overview of the library and can understand how it works and how
you can use it. But before examining the BCL, consider the Common Language Runtime.

The Common Language Runtime

As its name implies, the Common Language Runtime provides an infrastructure that is
common to all .NET languages. This infrastructure is responsible for taking control of the
application’s execution and manages tasks such as memory management, access to system
resources, security services, and so on. This kind of common infrastructure bridges the gap
that exists between different Win32 programming languages because all .NET languages
have the same possibilities. Moreover, the Common Language Runtime enables applica-
tions to run inside a managed environment. The word managed is fundamental in the
.NET development, as explained in next paragraph.

Writing Managed Code

When talking about Visual Basic 2010 development and, more generally, about .NET
development, you often hear about writing managed code. Before the first version of .NET
(or still with non-.NET development environments), the developer was the only responsi-
ble person for interacting with system resources and the operating system. For example,
taking care of accessing parts of the operating system or managing memory allocation for
objects were tasks that the developer had to consider. In other words, the applications
could interact directly with the system, but as you can easily understand this approach
has some big limitations both because of security issues and because damages could be
dangerous. The .NET Framework provides instead a managed environment. This means
that the application communicates with the .NET Framework instead of with the operat-
ing system, and the .NET runtime is responsible for managing the application execution,
including memory management, resources management, and access to system resources.
For example, the Common Language Runtime could prevent an application from access-
ing particular system resources if it is not considered full-trusted according to the Security
Zones of .NET.

DIALING WITH THE SYSTEM

You can still interact directly with the operating system, for example invoking Windows
APIs (also known as Platform Invoke or P/Invoke for short). This technique is known as
writing unmanaged code that should be used only when strictly required. This topic is
discussed in Chapter 49, “Platform Invokes and Interoperability with the COM
Architecture.”

Writing managed code and the existence of the Common Language Runtime also affect
how applications are produced by compilers.
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.NET Assemblies

In classic Win32 development environments, such as Visual Basic 6 or Visual C++, your
source code is parsed by compilers that produce binary executable files that can be imme-
diately interpreted and run by the operating system. This affects both standalone applica-
tions and dynamic/type libraries. Actually Win32 applications, built with Visual Basic 6
and C++, used a runtime, but if you had applications developed with different program-
ming languages, you also had to install the appropriate runtimes. In.NET development
things are quite different. Whatever .NET language you create applications with, compilers
generate an assembly, which is a file containing .NET executable code and is composed
essentially by two kinds of elements: MSIL code and metadata. MSIL stands for Microsoft
Intermediate Language and is a high-level assembly programming language that is also
object-oriented, providing a set of instructions that are CPU-independent (rather than
building executables that implement CPU-dependent sets of instructions). MSIL is a
common language in the sense that the same programming tasks written with different
.NET languages produce the same IL code. Metadata is instead a set of information related
to the types implemented in the code. Such information can contain signatures, functions
and procedures, members in types, and members in externally referenced types. Basically
metadata’s purpose is describing the code to the .NET Framework. Obviously, although an
assembly can have .exe extension, due to the described structure, it cannot be directly
executed by the operating system. In fact, when you run a .NET application the operating
system can recognize it as a .NET assembly (because between .NET and Windows there is a
strict cooperation) and invoke the Just-In-Time compiler.

The Execution Process and the Just-In-Time (JIT) Compiler

.NET compilers produce assemblies that store IL code and metadata. When you launch an
assembly for execution, the .NET Framework packages all the information and translates
them into an executable that the operating system can understand and run. This task is
the responsibility of the Just-In-Time (JIT) compiler. JIT compiles code on-the-fly just
before its execution and keeps the compiled code ready for execution. It acts at the
method level. This means that it first searches for the application’s entry point (typically
the Sub Main) and then compiles other procedures or functions (methods in .NET termi-
nology) referenced and invoked by the entry point and so on, just before the code is
executed. If you have some code defined inside external assemblies, just before the
method is executed the JIT compiler loads the assembly in memory and then compiles the
code. Of course loading an external assembly in memory could require some time and
affect performance, but it can be a good idea to place seldom-used methods inside exter-
nal assemblies, the same way as it could be a good idea to place seldom-used code inside
separated methods.

The Base Class Library

The .NET Framework Base Class Library (BCL) provides thousands of reusable types that
you can use in your code and that cover all the .NET technologies, such as Windows
Presentation Foundation, ASP.NET, LINQ, and so on. Types defined in the Base Class
Library enable developers to do millions of things without the need of calling unmanaged
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code and Windows APIs and, often, without recurring to external components. A type is
something that states what an object must represent. For example, String and Integer are
types, and you might have a variable of type String (that is, a text message) or a variable
of type Integer (a number). Saying Type is not the same as saying Class. In fact, types can
be of two kinds: reference types and value types. This topic is the specific subject of Chapter
4, “Data Types and Expressions”—a class is just a reference type. Types in the BCL are
organized within namespaces, which act like a kind of types’ containers, and their name is
strictly related to the technology they refer to. For example, the System.Windows.Forms
namespace implements types for working with Windows Forms applications, whereas
System.Web implements types for working with Web applications, and so on. You will get
a more detailed introduction to namespaces in Chapter 3, “The Anatomy of a Visual Basic
Project,” and Chapter 9, “Organizing Types Within Namespaces.” Basically each name-
space name beginning with System is part of the BCL. There are also some namespaces
whose name begins with Microsoft that are still part of the BCL. These namespaces are
typically used by the Visual Studio development environment and by the Visual Basic
compiler, although you can also use them in your code in some particular scenarios (such
as code generation).

The BCL is composed of several assemblies. One of the most important is MsCorlib.dll
(Microsoft Core Library) that is part of the .NET Framework and that will always be
required in your projects. Other assemblies can often be related to specific technologies;
for example, the System.ServiceModel.dll assembly integrates the BCL with the Windows
Communication Foundation main infrastructure. Also, some namespaces don’t provide
the infrastructure for other technologies and are used only in particular scenarios; there-
fore, they are defined in assemblies external from MsCorlib (Microsoft Core Library). All
these assemblies and namespaces will be described in the appropriate chapters.

-.NET Languages

Microsoft offers several programming languages for the .NET Framework 4.0. With
Visual Studio 2010, you can develop applications with the following integrated
programming languages:

» Visual Basic 2010
» Visual C# 4.0

» Visual F# 2010

» Visual C++ 2010

Visual J# is no longer part of the .NET Framework family. You can also integrate native
languages with Microsoft implementations of Python and Ruby dynamic languages,
respectively known as IronPython and IronRuby.
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WHERE DO | FIND IRONPYTHON AND IRONRUBY?

IronPython and IronRuby are currently under development by Microsoft and are available
as open source projects from the CodePlex community. You can download IronPython
from http://ironpython.codeplex.com. You can find IronRuby at http://ironruby.code-
plex.com.

There are also several third-party implementations of famous programming languages for
.NET, such as Fortran, Forth, or Pascal, but discussing them is neither a purpose of this
chapter nor of this book. It's instead important to know that all these languages can take
advantage of the .NET Framework base class library and infrastructure the same as VB and
C#. This is possible because of the Common Language Runtime that offers a common
infrastructure for all .NET programming languages.

.NET Framework Tools

The .NET Framework also provides several command-line tools needed when creating
applications. Among the tools are the compilers for the .NET languages, such as Vbc.exe
(Visual Basic compiler), Csc.exe (Visual C# compiler), and MSBuild.exe (the build engine
for Visual Studio). All these tools are stored in the C:\Windows\Microsoft.NET\
Framework\v4.0 folder. In most scenarios you will not need to manually invoke the .NET
Framework tools, because you will work with the Microsoft Visual Studio 2010 Integrated
Development Environment, which is responsible for invoking the appropriate tools when
needed. Instead of listing all the tools now, because we have not talked about some topics
yet, information on the .NET tools invoked by Visual Studio is provided when discussing a
particular topic that involves the specific tools.

Windows Software Development Kit

Starting from Visual Studio 2008, with the .NET Framework and the development environ-
ment, the setup process will also install the Windows SDK on your machine. This software
development kit provides additional tools and libraries useful for developing applications
for the .NET Framework. In older versions of the .NET Framework and in the Microsoft
Windows operating system, you had to install two different packages, formerly known as
the .NET Framework SDK and the Microsoft Platform SDK. With the introduction of
Windows Vista, the .NET Framework has become part of the core of the operating system;
Microsoft released the Windows SDK that provides tools for building both managed and
unmanaged applications. The Windows SDK is installed into the C:\Program
Files\Microsoft SDKs\Windows\v7.0A folder, which includes several additional tools also
used by Microsoft Visual Studio for tasks different from building assemblies, such as
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deployment and code analysis, or for generating proxy classes for Windows
Communication Foundation projects. Also in this case you will not typically need to
invoke these tools manually, because Visual Studio will do the work for you. You can find
information on the Windows SDK’s tools in the appropriate chapters.

What’s New in .NET Framework 4.0

If you had development experiences with .NET Framework 3.5, you know that it has an
incremental architecture. This means that .NET 3.5 (including technologies typical of this
version such as LINQ) relies on .NET Framework 2.0 for most of the core .NET features and
technologies such as Windows Forms, whereas it requires .NET Framework 3.0 for frame-
works such as Windows Presentation Foundation, Windows Communication Foundation,
Windows Workflow Foundation, and CardSpace. This means that .NET Framework 3.5
requires previous versions to be installed as a prerequisite. The .NET Framework 4.0 is
instead a complete standalone technology that does not require other previous versions to
be installed. Assuming you have some knowledge of .NET Framework 3.0 and 3.5, follow-
ing are new technologies introduced by .NET 4.0 for your convenience:

» Windows Presentation Foundation

» Windows Communication Foundation

» ASP.NET (now including Ajax and MVC)

» ADO.NET Entity Framework

» Visual Studio Tools for Office

» Windows Workflow Foundation
The new version of these technologies is not just an addition of features, but the architec-
ture has been revised and improved. The .NET Framework 4.0 also includes some frame-
works that in the previous version had to be installed manually or as part of the .NET 3.5
Service Pack 1:

» ADO.NET Data Services

» Parallel Extensions for the Task Parallel Library, or TPL for short (related to the
parallel computing)

» Code Contracts
The Windows Forms technology is still unchanged from .NET Framework 2.0. There are

just a few additions regarding user controls, which is discussed in Chapter 30. “Creating
Windows Forms 4.0 Applications.”
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Summary

Understanding the .NET Framework is of primary importance in developing applications
with Visual Basic 2010 because you will build applications for the .NET Framework. This
chapter presented a high-level overview of the .NET Framework 4.0 and key concepts such
as the Common Language Runtime and the Base Class Library and how an application is
compiled and executed. You also got an overview of the most important command-line
tools and the .NET languages.
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CHAPTER 2

Getting Started with the
Visual Studio 2010 IDE

You develop Visual Basic applications using the Visual
Studio 2010 Integrated Development Environment (IDE),
which is the place where you will spend most of your devel-
oper life. Before diving deep into the Visual Basic language,
you need to know what instruments you need to develop
applications. Although the Visual Studio IDE is a complex
environment, this chapter provides you with an overview
of the most common tasks you will perform from within
Visual Studio 2010 and the most important tools you will
utilize so that you can feel at home within the IDE. You get
an introduction to some of the new features introduced by
the new version of the development environment, which
can provide the basis for the rest of the book. You also learn
about other advanced IDE features in Chapter 55,
“Deployment Applications with ClickOnce.”

What’s New in Visual Studio 2010

The Visual Studio 2010 IDE relies on a new infrastructure
that is quite different from its predecessors. Most of this
infrastructure is now written in managed code, and several
parts of the IDE are based on the Windows Presentation
Foundation framework, such as the code editor, menus, and
floating windows. Although behind the scenes this innova-
tion is important (particularly if you develop Visual Studio
extensions), being familiar with the WPF technology is not
important when starting with the Visual Studio 2010 IDE
because you will feel at home also with the new version.
This is because the instrumentation is located and behaves
the same as in the past. There are several benefits from
having a managed infrastructure, such as new IDE features
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(the code editor zoom or the IDE extensibility, for example) and we discuss these topics
later in the book. This chapter gives you an overview of the most common tools you need
for developing your Visual Basic applications. (Deeper details on advanced IDE features are
provided in Chapter 55.)

Start Page

When you first run Visual Studio 2010, you notice a new layout and a new Start Page, as
shown in Figure 2.1.

FIGURE 2.1 The new Visual Studio 2010 Start Page.

The Start Page is one of the most important new features in the IDE. First, it offers a better
organization of the most common tasks, based on tabs. Tabs are located on the right side
of the screen and enable access to specific contents. On the left side of the screen you can
instead find links for creating new projects and opening existing projects, as well as the
list of recently opened projects. An important improvement to this list is that you can
now easily remove recent projects by simply right-clicking the project name and then
selecting the deletion command. The second new feature is that the Start Page now relies
on the Windows Presentation Foundation technology and is completely written in XAML
code. This means that it can be customized according to your needs. Customizing the
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Start Page is beyond the scope of this chapter, whereas a deeper discussion on the default
settings is absolutely necessary. The three default tabs are Get Started, Guidance and
Resources and Latest News. The following paragraphs discuss them in detail.

Get Started Tab

The Get Started tab (see Figure 2.1) offers links to important resources, such as MSDN
Walkthroughs (which are step-by-step tutorials on specific topics related to Visual Studio
2010), community and learning resources, and extensions for the IDE, such as custom
add-ins or third-party components. (This is a topic that is discussed later in the book.)
This tab is divided into subcategories, each related to a specific development area such as
Windows, Web, Office, Cloud Computing, and SharePoint. When you click on each
subcategory, you access a number of links to resources for learning about the selected area.
Basically the Get Started tab’s purpose is to offer links to useful resources about the devel-
opment environment and to new and existing .NET technologies.

The Guidance and Resources Tab

The Guidance and Resources tab provides links useful for learning about designing and
developing applications as well as about the application lifecycle management. Figure 2.2
shows how the tab appears in Visual Studio 2010.

FIGURE 2.2 The Guidance and Resources tab.
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This tab is divided into subcategories, each providing links to resources related to project
planning, maintenance, and testing as well as application design and development. In
some cases this documentation requires that Microsoft Visual Studio 2010 Team
Foundation Server is installed on your machine.

The Latest News Tab

As in Visual Studio 2005 and Visual Studio 2008, Visual Studio 2010 can also show a list of
news based on RSS feeds so that you can stay up-to-date with your favorite news channels.
Now the list appears in the Latest News tab, as shown in Figure 2.3.

FIGURE 2.3 The Latest News tab shows updated news from the specified RSS channel.

By default, the news channel is an RSS feed pointing to the MSDN developer portal, but
you can replace it with one of your favorites. To accomplish this, you have the following
alternatives:

» Open the Latest News tab and replace the default link in the RSS feed field with a
valid XML feed link (this is the easiest way).

» Open the Options window (for example by clicking the Settings link in the Visual
Studio tab) and then select the Startup item. You find a text box named Start Page
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news channel (see Figure 2.4) where you can write your favorite link. Just ensure you

are writing a valid XML feed link.

FIGURE 2.4 The Options window enables customizing the RSS Feeds news channel.

If you want to stay up-to-date with Visual Basic news, then you can consider replacing the

default news channel with the Visual Basic Developer Center, which is at the following:
http://services.social.microsoft.com/feeds/feed/VB_featured_resources. After this brief
overview of the Start Page, we can begin discussing what’s new in creating Visual Basic
projects within Visual Studio 2010.

Working with Projects and Solutions

Each time you want to develop an application, you create a project. A project is a collec-
tion of files, such as code files, resources, data, and every kind of file you need to build
your final assembly. A Visual Basic project is represented by a .Vbproj file, which is an
Xml file containing all the information required by Visual Studio to manage files that
constitute your project. Projects are organized in solutions. A solution is basically a
container for projects. In fact, solutions can contain infinite projects of different kinds,
such as Visual Basic projects, projects produced with programming languages different
than Visual Basic, class libraries, projects for Windows client applications, Windows

Communication Foundation services, and so on. In other words, a solution can include each
kind of project you can create with Visual Studio 2010. Solutions also can contain external
files, such as documents or help files, and are represented by a .SIn file that has Xml struc-
ture and that stores information required to manage all the projects contained in the solu-
tion. Visual Studio 2010 can also open solutions created with previous versions of the IDE.
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TIP

You can upgrade previous versions of your solutions by simply opening them in Visual
Studio 2010. The Upgrade Wizard can guide you through the upgrade process in a few
steps. This converts the solution and project files to the new version but does not
upgrade the target version of the .NET Framework to 4.0. Only older versions such as
1.0 and 1.1 are upgraded to 2.0, but all others retain their original version number.

Typically you manage your projects and solutions using the Solution Explorer window
discussed later in this chapter. We now focus on the creation of Visual Basic 2010 projects.

Creating Visual Basic Projects

Creating a new Visual Basic project is a simple task. You can either click the File, New
Project command or the New Project link from the Start Page. In both cases, Visual
Studio shows the New Project window, which you can see in Figure 2.5.

FIGURE 2.5 The New Project window for Visual Basic.

As you can see, the look of the New Project window is quite different from previous versions
of Visual Studio. To understand what kind of Visual Basic applications you can create, you
simply need to select the Visual Basic node on the left side of the window. After you click
the node, you see a lot of different kinds of applications you can create with Visual Basic
2010, such as Windows applications, Web applications, Office System customizations,
Silverlight applications, Windows Communication Foundation Services, and so on.
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NOTE ABOUT AVAILABLE PROJECT TEMPLATES

The list of installed project templates can vary depending either on the Visual Studio
2010 edition or on additional items installed later (for example from the Visual
Studio Gallery).

Each kind of application is represented by a specific project template, which provides a
skeleton of a project for that particular kind of application, including all the references or
the basic code files required. For example, the Windows Forms project template provides a
skeleton of a project for creating a Windows application using the Windows Forms tech-
nology, therefore including references to the System.Windows.Forms.dll assembly, specific
Imports directives, and Windows Forms objects represented by the appropriate code files.
Moreover, Visual Studio will automatically enable the Windows Forms designer. Notice the
detailed description for each template on the right side of the window every time you
select a particular template.

NOTE

In the second part of this book you find in detail several kinds of applications you can
build with Visual Basic 2010. For this reason a full description of each project template
will be provided in the proper chapters. At the moment the description provided by
Visual Studio for project templates is sufficient. Also consider that in this first part of
the book the Console Application project template is used because it is the most
appropriate for learning purposes.

Typically when you create a new project, Visual Studio also creates a solution containing
that project. If you plan to add other projects to the solution, it can be a good idea to
create a directory for the solution. This allows for a better organization of your projects,
because one directory can contain the solution file and this directory can then contain
subdirectories, each of them related to a specific project. To accomplish this, ensure that
the Create Directory for Solution check box is selected (refer to Figure 2.5). The New
Project window also offers some interesting features: the .NET Framework multitargeting,
the ability of searching through templates, and the ability of managing templates. We
now discuss each of these features.

Multitargeting

Like in Visual Studio 2008, in Visual Studio 2010 you can choose what version of the .NET
Framework your application targets. This can be useful if you plan to develop applications
with a high compatibility level and without new language features, but you still want to
take the advantage of the new features of the IDE. You may choose one of the following:

» .NET Framework 4.0 (proposed by default)
» .NET Framework 3.5
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» .NET Framework 3.0
» .NET Framework 2.0

To accomplish this choice, just select the appropriate version from the combo box at the
top of the window, as shown in Figure 2.6.

FIGURE 2.6 Choosing the .NET Framework version for your application.

NOTE

Please remember that, depending on what version of the .NET Framework you choose,
you may not be able to use some libraries or technologies. For example, if you choose
.NET Framework 3.0 as the target version, you cannot use LINQ, which is instead
exposed by .NET Framework 3.5 and higher. So keep in mind these limitations when
developing your applications.

Accessing Recent and Online Templates

Visual Studio 2010 provides the capability to access most recently used templates and to
install additional templates from the Internet. About the first feature, you can easily access
the most recently used project templates by clicking the Recent Templates item on the
left side of the New Project window. In this way, you get a list of the recently used projects
templates in case you still need them (see Figure 2.7).

You can also find additional online templates and install them to the local system. To
accomplish this, simply click the Online Templates item in the New Project window.
Visual Studio checks for the availability of online templates and shows a list of all the
available templates, as shown in Figure 2.8.

As you can see, Visual Studio is listing all the online templates for both Visual Basic and
Visual C#, showing a description of the template, information about the author, and a
small picture with ratings when available. To download and install a template, simply
double-click its name. After a few seconds you will be prompted to provide your agree-
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FIGURE 2.7 Accessing the most recently used projects templates.

FIGURE 2.8 Additional online templates that you can add to Visual Studio 2010.
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ment about the installation. You will be warned in the case that the new extension for
Visual Studio does not contain a digital signature (see Figure 2.9). If you trust the
publisher and want to go on, click Install. After a few seconds you see the newly installed
project templates available among the other ones.

FIGURE 2.9 Visual Studio asks for confirmation before installing the additional template.

As in the previous versions of Visual Studio, you can still export projects as reusable
project templates. We discuss this feature later in the book, when talking about the
advanced IDE features.

Searching for Installed Templates

Visual Studio 2010 provides lots of default project templates, and as you saw before, you
have the ability of adding your own custom ones, so sometimes it may be difficult to find
the needed template in a certain moment. Because of this, the New Project window
provides a search box that is located in the upper-right corner of the window (see Figure
2.10). Just begin typing the name of the project template you are looking for, and the New
Project window shows all the projects templates that match your choice. Each time you
type a character, the window updates showing the results matching your search string. As
you can see in Figure 2.10, Visual Studio is showing all the project templates whose names
match the wor search string.

NOTE

Remember that the search functionality can retrieve all projects templates related to
your search string. This means that the search result can contain not only Visual Basic
projects but every template name matching your criteria (for example, Visual C#, Visual
F#, and so on).
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FIGURE 2.10 Searching for installed project templates using the new search feature.

Creating Reusable Projects and Items Templates

As in the previous versions, in Visual Studio 2010 you can create your custom projects and
items templates, exporting them to disk and making them available within the IDE. (This
topic is discussed in Chapter 55.) Now that you have seen the main new features for
project creation, you are ready to create your first Visual Basic project.

Creating Your First Visual Basic 2010 Project

This section shows how easy it is to create a Visual Basic 2010 application and, if you have
a long experience with Visual Studio, the differences between the new version and the
previous ones of the development environment. You can create a new project for the
Console by first opening the New Project window and then selecting the Console
Application project template.

NOTE

Until Part 4, “Data Access with ADO.NET and LINQ,” all code examples, listings, and
code snippets are based on Console applications, so remember to create a Visual
Basic project for the console when testing the code.

Name the new project as MyFirst2010Program and then click OK (see Figure 2.11 for
details).
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FIGURE 2.11 Creating your first VB 2010 application.

After a few seconds the new project is ready to be edited. Figure 2.12 shows the result of
the project creation.

FIGURE 2.12 The creation of the first VB 2010 project.
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As mentioned at the beginning of this chapter, the code editor and floating windows are
now based on Windows Presentation Foundation. You see a new look for the tooling but this
change in the infrastructure does not modify your development experience. You should
feel at home with the new version of the environment because you can still find tools as
in the previous versions. For example, you can access Solution Explorer, the Properties
window, or the Error List exactly as you did before. The first difference you notice from
the previous versions of Visual Basic is that now identifiers for custom objects have a light
blue color. In this case, the identifier for the main module, which is Modulel, is light blue
and not black. Another interesting feature is that by pressing Ctrl and moving up and
down the mouse wheel, you can zoom in and out with the code editor without the need
to change the font settings each time the Visual Studio options changes. For our testing
purposes, we could add a couple of lines of code to the Main method, which is the entry
point for a Console application. Listing 2.1 shows the complete code for creating a VB
2010 application.

LISTING 2.1 Creating the First VB 2010 Application

Module Modulet

Sub Main()
Console.WriteLine("Hello Visual Basic 2010!")
Console.ReadLine()
End Sub
End Module

WHAT IS A CONSOLE?

In a Console application, the System.Console class is the main object for working with
the Windows console. Such a class provides methods for reading and writing from and
to the Console and for performing operations versus the Console itself.

The code simply shows a message in the Console window and waits for the user to press a
key. This is obviously a basic application, but you need it as the base for understanding
other topics in this chapter.

Finding Visual Basic Projects

As in the previous versions, Visual Studio 2010 stores by default its information in a user-
level folder called Visual Studio 2010 and that resides inside the My Documents folder.
Here you can find settings, add-ins, code snippets, and projects. For example, if you run
Windows Vista or Windows 7, your projects should be located in
C:\Users\UserName\Documents\ Visual Studio 2010\Projects, in which UserName stands
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for the user that logged in Windows. Of course you can change the default projects direc-
tory by opening the Options window (Tools, Options command), selecting the Projects and
Solutions item on the left side, and replacing the value for the Projects location text box.

Working with the Code Editor

The code editor in Visual Studio 2010 is now based on Windows Presentation Foundation.
This innovation introduces new features to the Visual Basic code editor, too. Some of the
new features are basically esthetical, whereas others are bound to enhance the coding
experience. In this chapter we see just a few of the new IDE features, because the other
ones are related to specific topics discussed later in the book. Particularly we now focus on
the zoom functionality in the code editor, the gradient selection, and IntelliSense.

Zooming the Code

You can zoom the code editor in and out by simply pressing the Ctrl key and moving the
mouse wheel up and down. This is a useful feature particularly if you are a presenter of
technical speeches, because you can enlarge the code without modifying Visual Studio
settings in the Options window. Figure 2.13 shows an example of this feature; notice how
the font for the code is greater than the default settings and the right scrollbar is larger
than normal.

FIGURE 2.13 The code editor zoom feature enables real-time enlarging and reducing of the
font size of the code without changing settings in Visual Studio.
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IntelliSense Technology

IntelliSense is one of the most important technologies in the coding experience with Visual
Studio. IntelliSense is represented by a pop-up window that appears in the code editor
each time you begin typing a keyword or an identifier and shows options for auto-
completing words. Figure 2.14 shows IntelliSense in action when adding a new instruc-
tion in code.

FIGURE 2.14 IntelliSense in action.

To auto-complete your code typing, you have the following alternatives:

>

>

>

Press the Tab key. Auto-completes your words and enables you to write other code.

Press the Space key. Auto-completes your words adding a blank space at the end of
the added identifier and enables you to write other code.

Press the Enter key. Auto-complete your words adding a couple of parentheses at the
end of the completed identifier and positions the cursor on a new line. Use this
technique when you need to invoke a method that does not require arguments.

Press the left parenthesis. Auto-complete your words, adding a left parenthesis at the
end of the completed identifier and waits for you to supply arguments.

Press Ctrl + Space in order to bring up the full IntelliSense listing.

IntelliSense has been improved since Visual Studio 2008. In fact, it will be activated just
when typing one character and is also active versus Visual Basic reserved words. Moreover,
it remembers the last member you supplied to an object if you invoke that particular
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object more than once. For example, if you use IntelliSense to provide the WriteLine
method to the Console object as follows:

Console.WritelLine()

and then if you try to invoke IntelliSense on the Console object again, it proposes as the
first alternative of the WriteLine method you supplied the first time. IntelliSense is impor-
tant because it lets you write code faster and provides suggestions on what member you
add to your code.

Working with Tool Windows

As in the previous versions, lots of the Visual Studio tools are provided via tool windows.
Tool windows are floating windows that can be docked to the IDE interface and are
responsible for a particular task. As a general rule, in the View menu you can find the tool
windows provided by Visual Studio 2010. Exceptions to this rule are the Test tool windows
and the analysis tool windows that can be respectively invoked from the Test and Analyze
menus. In this book we utilize several tool windows, and in this chapter you get an
overview of the most used. In particular, we now focus on Solution Explorer, Error List,
Properties, and Output windows. This is because these are the tool windows you will use
in each of your projects. Other tool windows will be analyzed when applied to specific
topics. To dock a tool window to the desired position in the IDE, just move the window
onto the most appropriate arrow in the graphical cross that you see on the IDE and then
release. Figure 2.15 represents this situation.

FIGURE 2.15 Docking a floating tool window to the IDE’s interface.
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Visual Studio 2010 automatically positions some tool windows in specific places of the
IDE, but you can rearrange tool windows as much as you like. We can now discuss the
previously mentioned tool windows.

The Solution Explorer Window

Solution Explorer is a special tool window that enables managing solutions, projects, and
files in the projects or solution. It provides a complete view of what files compose your
projects and enables adding or removing files and organizing files into subfolders. Figure
2.16 shows how a WPF project is represented inside Solution Explorer.

FIGURE 2.16 An example of the Solution Explorer tool window.

As you can see, at the root level there is the project. Nested are code files, subfolders
containing pictures, data, and documents. You can also get a list of all the references in
the project. You use Solution Explorer for adding and managing items in your projects
other than getting a representation of which files constitute the project itself. By default,
Solution Explorer shows only the items that compose the project. If you need a complete
view of references and auto-generated code files, you need to click the Show All Files
button located on the top-left portion of the window. To manage your project’s items, you
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just need to right-click the project name and select the most appropriate command from
the pop-up menu that appears. Figure 2.17 shows this pop-up menu.

FIGURE 2.17 Solution items can be managed in Solution Explorer using the pop-up menu.

As you can see from Figure 2.17, the pop-up menu shows several tasks you can perform on
your projects or solutions. You can easily add new items by selecting the Add command;
you also can perform tasks against specific files if you right-click items in the solution
instead of the project’s name.

NOTE ABOUT ADDING ITEMS TO PROJECTS

In this book you will be asked lots of times to add new items to a project or to a solu-
tion, so you should keep in mind that this can be accomplished by right-clicking the pro-
ject name in Solution Explorer and then clicking the Add, New Item command from the
pop-up menu.

You can easily find Solution Explorer by pressing Ctrl+Alt+L if it is not available yet in the
IDE.

Error List Window

The Error List tool window can show a list of all messages, including warnings and infor-
mation, which are generated by Visual Studio during the development of your applica-
tions. Figure 2.18 shows the Error List tool window.
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FIGURE 2.18 The Error List tool window.

Typically the Error List window can show three kinds of messages:
» Error messages
» Warning messages
» Information messages

Error messages are related to errors that prevent your application from running, for
example, if your code cannot compile successfully. This can include any kind of problems
that Visual Studio or the background compiler may encounter during the development
process, for example, attempting to use an object that has not been declared, corrupted
auto-generated Windows Forms files that must be edited in the Visual Studio designer, or
corrupted Visual Studio files in situations that throw error messages that you can see in
the Error List. Another kind of message is a warning. Basically warnings are related to situ-
ations that will not necessarily prevent your code from being successfully compiled or
your application from running; in such cases warnings can be simply ignored. It’s good
practice to try to solve the problems that caused these messages to be shown. For example,
running the Code Analysis tool will throw warnings on code that is not compliant with
Microsoft guidelines for writing code. This means that the application will probably work,
but something in your code should be improved. In both error and warning messages, you
can be easily redirected to the code that caused the message simply by double-clicking the
message itself. You can also get some help about the message by right-clicking it and then
choosing the Show Error Help command from the pop-up menu.

Information messages are just to inform you about something. Usually information
messages can be ignored with regard to the code; although they could be useful for under-
standing what the IDE wants to tell us. By default, the Error List shows the three kinds of
messages together, but you could also choose to view only some of them, for example
error messages excluded and so on. To filter the Error List results, simply click on the tab
related to the kind of message you do not want to be shown. For example, click on the
Messages tab if you want information messages to be excluded by the errors list. To
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include back information messages, click the same tab again. The Errors List can also be
easily invoked by pressing Ctrl+\, Ctrl + E.

The Properties Window

In the .NET development, everything has properties, which are peculiarities of a particular
item. Classes can have properties; files can have properties; and so on. For example, the
filename is a property of a file. You often need to set properties for your code, for .NET
objects you use in your code, and for your files. To make things easier, Visual Studio
provides a tool window named Properties window, which is a graphical tool for setting
items’ properties. Figure 2.19 represents the Properties window showing properties for a
Windows Form object.

FIGURE 2.19 The Properties window.

Each time you select a property, you can see a description of that property at the bottom
of the window. We could define the Properties window’s structure as a two-column table,
in which the left column specifies the property and the right column gets or sets the
value for the property. Although you often need to set properties in code, the Properties
window provides a graphical way to perform this assignment and can be particularly
useful when designing the user interface or when you need to specify how a file must be
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packaged into the executable assembly. The Properties window can be easily invoked by
pressing F4.

Output Window

Visual Studio often recurs to external tools for performing some actions. For example,
when compiling your projects Visual Studio invokes the Visual Basic command-line
compiler, so the IDE captures the output of the tools it utilizes and redirects the output to
the Output window. Basically the Output window’s purpose is to show results of actions
that Visual Studio has to perform or that you require to be performed by Visual Studio.
For example, when you compile your projects, the Output window shows the results of
the build process. Figure 2.20 shows the Output window containing the results of the
build process of a Visual Basic project.

FIGURE 2.20 The Output window showing results of a build process.

The Output window is also interactive. To continue with the example of compiling a
process, if the compiler throws any errors, these are shown in the Output window. You
can click the Go to Next Message or Go to Previous Message buttons to navigate error
messages. After you do this, the current error message is highlighted. Each time you move
to another error message, you will be redirected to the code that caused the error. The
Output window can capture the output not only of the compiler but also of other tools
that Visual Studio needs to use, such as the debugger. By the way, you can get a list of the
available outputs by clicking the Show Output From combo box. After this first look to
the main tool windows, we can begin examining another important feature of the Visual
Studio IDE for Visual Basic: the My Project window.

My Project

My Project is a special tool that enables developers to set project properties. My Project is
a window that can be invoked by double-clicking the same named item in Solution
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Explorer or by clicking the Project, Properties command (the menu item text also
includes the current project name). Figure 2.21 shows how My Project looks regarding the
sample application we previously created.

FIGURE 2.21 The My Project window.

My Project is organized in tabs; each tab represents a specific area of the project, such as
application-level properties, external references, deployment options, compile options,
debugging options, and many more. At the moment you don’t need to learn each tab of
My Project, because during the rest of the book we use it a lot of times, learning the
meaning and purpose of each tab when appropriate. What you instead need now is to

» Understand what My Project is.
» Remember how you can open it.

» Learn the usage of the Application tab, which we will discuss first.
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UNDERSTANDING MY PROJECT

Understanding My Project is also important for another reason: It provides most of the
infrastructure for the My namespace that will be discussed in Chapter 20, “The ‘My’
Namespace.” Most of settings that you can specify in My Project are then accessible
invoking My. In Chapter 3, “The Anatomy of a Visual Basic Project,” we describe the
structure of My Project, so carefully read how it is composed.

Application Tab

Each application has some settings. Application settings can be the executable’s name,
icon, or metadata that will be grabbed by the operating system, such as the program
version, copyright information, and so on. The purpose of the Application tab in My
Project is to provide the ability to edit these kinds of settings. The Application tab is
shown by default when you first open My Project. Figure 2.21 shows the Application tab.
Some settings are common to every kind of Visual Basic projects, whereas other ones are
related to specific project types. In this chapter you get an overview of the common
settings, whereas specific ones will be treated when required in the next chapters.

Assembly Name

The Assembly name field sets the name of the compiled assembly, that is, your executable.
By default, Visual Studio assigns this setting based on the project name, but you can
replace it as needed.

Root Namespace

This particular field sets the root level namespace identifier. Namespaces will be discussed
later in this book. You can think of the root namespace as the object that stores all that is
implemented by your project. According to Microsoft specifications, the root namespace
should be formed as follows: CompanyName .ProductName.Version. Basically this conven-
tion is optimal when developing class libraries or components but may not be necessary
when developing standalone executables. By default, Visual Studio sets the root name-
space based on the project name.

Application Type

This represents the application type (for example, Console application, Class Library,
Windows Forms application) and is automatically set by Visual Studio on the appropriate
choice. To ensure you will avoid any problems, you should not change the default setting.

Icon
This field allows setting an icon for the executable file. You can browse the disk and select
an existing .ico file as the executable icon.
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NOTE ABOUT ICONS

Assigning an icon to the executable file will not automatically assign icons to Windows
Forms windows or WPF windows when developing client applications. In such scenarios
you need to explicitly assign icons for each window, because the Icon item in the
Application tab will just set the icon for the executable.

Startup Object

By setting the Startup Object field, you can specify what object will be executed first when
running your application. For example, imagine you have a Windows Forms application
with more than one window. You might want to decide what window must be the appli-
cation’s main window. With the Startup Object field, you can make this decision. Notice
that the startup object changes based on the project type. For example, in a Windows
Forms application the startup object is a Windows Form object whereas in a Console
Application the default startup object is the Sub Main method. The name of the field also
changes based on the project type. In a Windows Forms application it is called Startup
Form, whereas in a Console Application it is called Startup Object.

CHANGING THE STARTUP OBJECT

Please be careful when changing the Startup object. A wrong choice could cause errors
on your application and prevent it from running.

Assembly Information
By clicking the Assembly Information button, you get access to a new window called
Assembly Information, as shown in Figure 2.22.

FIGURE 2.22 The Assembly Information window.
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From this window you can specify several properties for your executable that will be
visible both to the .NET Framework and to the Windows operating system. Table 2.1
explains each property.

TABLE 2.1 Assembly Information Explained

Property Description

Title The title for your application, for example, “My First 2010 Program.”

Description The description for your application, for example, “My first program with
VB 2010.”

Company Your company name.

Product The product name, for example, “My First 2010 Program.”

Copyright Copyright information on the author.

Trademark Trademarks information.

Assembly version

Specifies the version number for the assembly in the style
Major.Minor.Build.Revision. This information identifies the assembly for
the .NET Framework.

File version Specifies the version number for the executable in the style
Major.Minor.Build.Revision. This information is visible to the Windows
operating system.

GUID A Globally Unique Identifier assigned to the assembly. You can replace

Neutral language

Make assembly
COM-Visible

with a new one or leave unchanged the GUID provided by the IDE.
Specifies what local culture is used as the neutral language.

.NET assemblies can be exposed to COM. By marking this flag you can
accomplish this task later.

The Assembly Information tool is important because it enables you to specify settings that
you want to be visible to your customers and other settings needed by the .NET
Framework. Behind the scenes, all this information is translated into Visual Basic code,

which is discussed more in Chapter 3.

View UAC Settings

With the introduction of Windows Vista, Microsoft introduced to the Windows operating
system an important component, known as User Access Control. When enabled, this mech-
anism requires the user to explicitly grant elevated permissions to applications being run.
Because of this and starting from Visual Studio 2008, you have the ability of specifying the
permissions level your application will require for the UAC. For example, if your applica-
tion needs to write to the Program Files folder (this is just an example and rarely a good
idea), you need to ask for elevated permissions to the UAC. You can specify UAC settings
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for your application by clicking the View Windows Settings button. At this point Visual
Studio generates a new XML manifest that will be packaged into your executable and that
you can edit within the IDE. This file contains information for UAC settings and for speci-
fying the operating systems that the application is designed to work for. Listing 2.2 shows
an excerpt of the default content of the manifest, related to the UAC settings.

LISTING 2.2 The UAC Manifest Content

<?xml version="1.0" encoding="utf-8"?>
<asmv1:assembly manifestVersion="1.0" xmlns="urn:schemas-microsoft-com:asm.v1"
xmlns:asmvi="urn:schemas-microsoft-com:asm.v1" xmlns:asmv2="urn:schemas-microsoft-
com:asm.v2" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance">
<assemblyIdentity version="1.0.0.0" name="MyApplication.app"/>
<trustInfo xmlns="urn:schemas-microsoft-com:asm.v2">
<security>
<requestedPrivileges xmlns="urn:schemas-microsoft-com:asm.v3">
<!'— UAC Manifest Options
If you want to change the Windows User Account Control level replace the
requestedExecutionLevel node with one of the following.

<requestedExecutionLevel level="asInvoker" uiAccess="false" />
<requestedExecutionLevel 1level="requireAdministrator" uiAccess="false" />
<requestedExecutionLevel 1level="highestAvailable" uiAccess="false" />

If you want to utilize File and Registry Virtualization for backward
compatibility then delete the requestedExecutionLevel node.
—>
<requestedExecutionLevel level="asInvoker" uiAccess="false" />
</requestedPrivileges>
</security>
</trustInfo>
</asmvi:assembly>

The requestedExecutionLevel element enables you to specify what permission level must
be requested to the UAC. You have three possibilities, explained in Table 2.2.

TABLE 2.2 UAC Settings
Setting Description

asInvoker Runs the application with the privileges related to the current user. If
the current user is a standard user, the application will be launched
with standard privileges. If the current user is an administrator, the
application will be launched with administrative privileges.

requireAdministrator The application needs administrative privileges to be executed.

highestAvailable Requires the highest privilege level possible for the current user.
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To specify a privilege level, just uncomment the line of XML code corresponding to the
desired level. You can also delete the requestedExecutionLevel node in case you want to
use file and registry virtualization for backward compatibility with older versions of the
Windows operating system.

PAY ATTENTION TO UAC REQUIREMENTS

Be careful of the combination of activities that you need to execute on the target
machine and the user privileges, because bad UAC settings could cause big problems.
A good practice is selecting the asInvoker level and architecting your application in a
way that it will work on user-level folders and resources. Of course there can be situa-
tions in which you need deeper control of the target machine and administrator privi-
leges, but these should be considered exceptions to the rule.

The Application Framework

In the lower part of the screen you can see the Enable Application Framework group, a
feature that allows executing special tasks at the beginning and at the end of the applica-
tion lifetime. For Console applications it is not available but it is relevant to other kinds of
applications; for instance, in Windows Forms application it allows setting a splash screen
or establishing what form is the main application form. The application framework is
discussed in Chapter 20, “The ‘My’ Namespace.”

Compiling Projects

Compiling a project (or building according to the Visual Studio terminology) is the process
that produces a .NET assembly starting from your project and source code (according to
the .NET architecture described in Chapter 1, “Introducing the .NET Framework 4.0”). An
assembly can be a standalone application (.exe assembly) or a .NET class library (.dll
assembly). To compile your project into an assembly you need to click the Build
command in the Build menu. Notice that the Build command is followed by the name of
your project. When invoking this command, Visual Studio launches, behind the scenes,
the Visual Basic command-line compiler (Vbc.exe) and provides this tool all the necessary
command-line options. For solutions containing different kinds of projects, Visual Studio
launches the MSBuild.exe command-line utility that can compile entire solutions contain-
ing several projects written in different languages and of different types. MSBuild is
discussed in Chapter 51, “Advanced Compilations with MSBuild.” At the end of the build
process, Visual Studio shows a log inside the Output window. Figure 2.23 shows the
output log of the build process for the MyFirst2010Program sample application.
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FIGURE 2.23 The Output window shows the compilation process results.

The compilation log shows useful messages that help you understand what happened. In
this case there were no errors, but in situations in which the compilation process fails
because of some errors in the code, you will be notified of what errors were found by the
compiler. The Error List window shows a complete list of error messages and warnings and
enables you to easily understand where the errors happened by simply double-clicking the
error message. This operation redirects you to the code that generated the error. The
executable (or the executables, in case of more than one project in the solution) will be
put in a subfolder within the project’s directory, called Bin\Debug or Bin\Release, depend-
ing on the output configuration you choose. Configurations are discussed next.

Debug and Release Configurations

Visual Studio provides two default possibilities for compiling your projects. The first one is
related to the debugging phase in the development process and includes debug symbols
that are necessary for debugging applications. The second one is related to the end of the
development process and is the one you will use when releasing the application to your
customers. Both ways are represented by configurations. By default, Visual Studio offers two
built-in configurations: Debug and Release. When the Debug configuration is active, the
Visual Basic compiler generates debug symbols that the Visual Studio debugger can
process. Without these symbols, you cannot debug your applications with the Visual
Studio debugger. The Release configuration basically excludes debug symbols from the
build process, and it is the configuration you will use when building the final version of
your application, that is, the executable that you will release to your customers. To set the
current configuration you have two possibilities:

» Use the combo box located on the Visual Studio toolbar.
» Access the Compile options inside the My Project window.

Figure 2.24 shows the Compile tab in My Project.
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FIGURE 2.24 Compile options in the My Project window.

At the top of the window you can find a combo box called Configuration. There you can
select the most appropriate configuration for you. By default, Visual Studio 2010 is set up
on the Debug configuration. You could also consider building a custom configuration
(although both Debug and Release can be customized instead of making new ones), which
will be discussed next. Basically for our purposes it’s suitable to leave unchanged the selec-
tion of the Debug configuration as the default, because we will study the Visual Studio
debugging features in depth.

Creating Custom Configurations with Configuration Manager

There can be situations in which both the Debug and Release configurations are not
enough for your needs. As we mentioned in the previous paragraph, with Visual Studio
2010 you can also create your custom configuration. To accomplish this you need to
access the Configuration manager tool (see Figure 2.25), which is reachable using the
Configuration manager command in the Build menu. There you can edit an existing
configuration or create a new one.
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FIGURE 2.25 The Configuration Manager.

To create a new custom configuration, you can perform the following steps:

1. Click the Active Solution Configuration combo box and select the New option.

2. In the New Solution Configuration window, specify a name for the new configura-
tion, and select an existing configuration (such as Debug) from which settings will
be copied. Figure 2.26 shows an example.

3. When done, click Close.

4. Click the Advanced Compiler Options button in the Compile tab and specify what
compile options must affect the new configuration. For example, you could decide
to affect just compilations against 64-bit processors, so you just need to change the
value in the Target CPU combo box. This is the point at which you can modify your
real configuration settings and how your project should be built.

FIGURE 2.26 Creating a custom configuration that imports settings from an existing one.
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Such modification influences just the new configuration. Moreover, if you decide to use the
new configuration, you will have a new subfolder under the Bin subfolder in your project’s
main folder, which takes the name of your custom configuration and that contains the
output of the build process made with that configuration. For our MyFirst2010Program
sample, the project folder is named MyFirst2010Program and contains the Bin subfolder,
which also contains the default Debug and Release subfolders. With your custom configura-
tion, a new TestConfiguration subfolder will be available under Bin.

Background Compiler

Visual Basic 2010 offers a great feature: the background compiler. Basically, while you write
your code the IDE invokes the Visual Basic compiler that will immediately compile the
code and notify you about errors that occur, writing messages in the Error List window.
This is possible because the Visual Basic compiler can compile your code on-the-fly while
you type. As you can imagine, this feature is important because you will not necessarily
need to build your project each time to understand if your code can be successfully
compiled. Typical examples of the background compiler in action are error messages
shown in the Error List window when typing code. Refer to Figure 2.19 to get an idea of
this feature. You can just double-click the error message to be redirected to the line of
code that caused the error. Also, the IDE underlines code containing errors with red squig-
gly lines so that it is easier to understand where the problem is.

Other Compile Options

Visual Studio 2010 enables developers to get deep control over the build process. With
particular regard to Visual Basic, you can control other compile options that are specific to
the language. Table 2.3 lists them in detail.

TABLE 2.3 Visual Basic Compile Options

Option Meaning
Option When set to On, the developer must declare an object before using it in code.
Explicit

Option Strict When set to On, the developer must specify the type when declaring objects. In
other words, Object is not automatically assigned as the default type. Moreover,
Option Strict On disallows late binding and conversions from one type to another
where there is a loss of precision or data. You should always set Option Strict On
unless strictly required.

Option Determines which method must be used when comparing strings (Binary or Text).

Compare The Binary option enables the compiler to compare strings based on a binary
representation of the characters while the Text option enables string comparisons
based on textual sorting, according to the local system international settings.

Option Infer  When set to On, enables local type inference (this feature will be discussed in
Chapter 21, “Advanced Language Features”).
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OPTION STRICT ON

By default, Option Strict is Off. You can set it to On each time you create a new project
but you can also change the default setting by clicking Tools, Options and then in the
Options dialog expanding the Projects and Solutions node, finally selecting the VB
Defaults element and changing the default setting.

Options shown in Table 2.3 are also considered by the background compiler, so you will
be immediately notified when your code does not match these requirements. You can
also specify how the Visual Basic compiler has to treat some kind of errors. This is what
you see next.

Warning Configurations

Warning configurations state how the Visual Basic compiler should notify the developer of
some particular errors, if just sending warning messages (which will not prevent from
compiling the project) or error messages (which will instead prevent from completing the
build process).

DO NOT IGNORE WARNING MESSAGES

Even if warning messages will not prevent the completion of the build process, they
should never be blindly ignored. They could be suggestions of potential exceptions at
runtime. You should always accurately check why a warning message is thrown and,
possibly, solve the issue that caused the warning. A typical example of when warnings
could be ignored is when running code analysis on code that does not need to be com-
pliant with Microsoft specifications (for example, the user interface side of a Windows
Forms application). In all other situations, you should be careful about warnings.

Depending on how you set the Visual Basic compile options discussed in the previous
paragraph, Visual Studio will propose some default scenarios for sending notifications
(and, consequently, influencing the build process). Table 2.4 lists the available warning
conditions.

TABLE 2.4 Warning Conditions Details

Condition Description

Implicit conversion Checked when trying to assign an object of a type to an object of
another type. For example the following code will cause the
condition to be checked (implicit conversion from Object to
String):

Dim anObject As Object = "Hi!"
Dim aString As String = anObject
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Description

Late binding

Implicit type

Use of variable prior of
assignment

Function/operator without
return value

Unused local variable

Instance variable accesses
shared members

Recursive operator or prop-
erty access

Duplicate or overlapping
catch blocks

Checked when trying to assign at runtime a typed object to
another one of type Object.

Checked when not specifying the type for an object declaration.
If Option Infers is on, this condition is checked only for declara-
tions at class level. For example, the following class level decla-
ration would cause the condition to be checked:

Private Something

This condition is determined by Option Strict On.

Checked when attempting to use a variable that doesn’t have a
value yet. This is typical with instance variables. The following
code causes this condition to be checked:

Dim p As Process

Console.WritelLine

(p.ProcessName.ToString)

In this case p must get an instance of the Process object before
attempting to use it.

Checked when a Function method or an operator definition
performs actions without returning a value.

Checked when a variable is declared but never used. It's a good
practice to remove unused variables both for cleaner code and
for memory allocation.

Checked when trying to invoke a member from an instance
object that is instead a shared member.

Checked when trying to use a member (properties or operators)
inside the code block that defines the member itself.

Checked when a Catch clause inside a Try. .Catch..End Try
code block is never reached because of inheritance. The follow-
ing code causes the condition to be checked, because the
FileNotFoundException inherits from Exception and therefore
should be caught before the base class; otherwise Exception
would be always caught before derived ones:

Try

Catch ex As Exception
Catch ex As FileNotFoundException

End Try
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You also have the ability to change single notifications; just select the most appropriate
notification mode for your needs. Based on the explanations provided in Table 2.4, be
careful about the consequences that this operation could cause. If you are not sure about
consequences, the best thing is leaving default options unchanged. There are also three
other compile options, which are listed at the bottom of the Compile tab and that are
described in Table 2.5.

TABLE 2.5 Additional Compile Options

Option Description

Disable all warnings. The Visual Basic compiler will not produce warning messages.
Treat all warnings as The Visual Basic compiler will treat all warning messages as if they
errors. were errors.

Generate XML documen- When flagged, enables Visual Studio to generate an XML file for docu-

tation file. menting the source code. If XML comments are included in the code,
this file also contains description and detailed documentation for the
code. This is useful when you need to automate the documentation
process for your class libraries.

Advanced Compile Options

You can specify advanced settings for the build process. To accomplish this, you need to
click the Advanced Compile Options button.

COMPILER SETTINGS AND CONFIGURATIONS

Advanced compiler settings are at the configuration level. This means that the Debug
configuration has its own advanced settings and the Release configuration has its own
settings, and your custom configurations will have their own settings. Please remember
this when providing advanced settings.

Figure 2.27 shows the Advanced Compiler Settings window.

Here you can set compiler options to drive the build process. We now discuss options in
details.

Optimizations
The Optimization tab offers options that would potentially lead to building a smaller and
faster executable. This tab is composed of four options that we discuss.

Remove Integer Overflow Checks When you make calculations in your code against
Integer or Integer-style data types, the Visual Basic compiler checks that the result of the
calculation falls within the range of that particular data type. By default, this option is
turned off so that the compiler can do this kind of check. If you flag this check box, the
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FIGURE 2.27 The Advanced Compiler Settings window.

compiler will not check for such overflows, and the application execution may result
faster. Be careful about this choice, especially if your code implements calculations.

Enable Optimizations When this check box is flagged, the compiler basically removes
some opcodes that are required for interacting with the debugger. Moreover, the Just-in-time
compilation is optimized because the runtime knows that a debugger will not be attached.
On the other hand, this can result in major difficulties when debugging applications. For
example, you might not use breakpoints at specific lines of code and, consequently,
perform debugging tasks although the optimization process could produce a smaller and
faster executable.

DLL Base Address This option is available when developing class libraries and user
controls and provides the ability to specify the Base Address for the assembly. As you may
know, the base address is the location in memory where a DIl is loaded. By default, Visual
Studio assigns a base address and represents it in hexadecimal format. If you need to
provide a custom base address, this is the place where you can do it.

Generate Debug Information Generating debug information when building your project
allows you to use the debugger against your application. By default this option is set to
Full, which means that full debug information is generated so that the debugger can be
fully used to debug an application. (This is the case of the Debug configuration.) If you set
this option to None, no debug information will be generated, whereas if you set this
option to pdb-only, the compiler will produce just a .pdb file containing debug symbols
and project state information.
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Compilation Constants

You can use compilation constants to conditionally compile blocks of code. Conditional
compilation relies on the evaluation to True of constants that will be included in the final
assembly. The Visual Basic compiler defines some default constants that you can evaluate
within your code, and you also have the ability of declaring custom constants. In the
Advanced Compiler Settings window, you can specify whether the compiler needs to
include the DEBUG and TRACE constants. The first one enables you to understand if the
application is running in debug mode; in other words, if the application has been
compiled using the Debug configuration. The second one is also related to debugging
tasks; particularly, the .NET Framework exposes a class called Trace that is used in debug-
ging and that can send the tracing output to the Output window when the TRACE
constant is defined. If not, no output is generated, because invocations versus the Trace
class are ignored. A full list of built-in constants can be found at MSDN Library at
http://msdn.microsoft.com/en-us/library/dy7yth1w(VS.100).aspx. Evaluating constants in
code is quite simple. You can use the #If, #E1se, #E1selIf, and #EndIf directives. For
example, if you want to evaluate whenever an application has been compiled with the
Debug configuration, you could write the following code:

#If DEBUG Then

Console.WriteLine("You are in Debug configuration")
#Else

Console.WritelLine("You are not in Debug configuration")
#End If

which essentially verifies if the constant is defined and takes some action at that point. In
our example, if the DEBUG constant is defined in the assembly, this means that it has
been built via the Debug configuration.

Custom Constants You can also define custom constants. This can be basically accom-
plished in two ways. The first is adding custom constants in the appropriate field of the
Advanced compiler settings window. Each constant must have the form of Name="value"
and constants are separated by commas. The second way for providing custom constants
is adding a #Const directive in your code. For example, the following line of code

#Const TestConstant = True

defines a constant named TestConstant whose value is set to True. The big difference in
using a #Const directive is that it defines just private constants that have visibility within
the code file that defines them.

Generate Serialization Assemblies

As we discuss in Chapter 43, “Serialization,” serialization in .NET development is a tech-
nique that allows persisting the state of an object. Among several alternatives, this can be
accomplished using a class called XmlSerializer. In such situations, the Visual Basic
compiler can optimize applications that use the Xm1Serializer class, generating addi-
tional assemblies for better performances. By default, this option is set to Auto so that
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Visual Studio generates serialization assemblies only if you are effectively using Xml serial-
ization in your code. Other options are On and Off.

Target CPU

You can specify what CPU architecture your applications will target. You can choose
among 32-bit architectures (x86), 64-bit architectures (x64), Itanium processors, or simply
target any architecture (AnyCPU).

Target Framework

From the Target Framework combo box, you can select the version of the .NET Framework
that your application will target. The main difference with the same selection that you can
do when creating a new project is that here you can target the .NET Framework Client
Profile for versions 4.0, 3.5 Service Pack 1, and 3.5 Server Core. The .NET Framework
Client Profile is a subset of the .NET Framework that provides the infrastructure for client
applications and that can be included in your deployments instead of the full version. The
Client Profile is discussed in Chapter 54, “Setup and Deployment Projects for Windows
Installer.”

Debugging Overview

In this section you get an overview of the debugging features in Visual Studio 2010 for
Visual Basic applications. Although the debugger and debugging techniques are detailed in
Chapter 5, “Debugging Visual Basic 2010 Applications,” here we provide information on
the most common debugging tasks, which is something that you need to know in this
first part of your journey through the Visual Basic programming language.

Debugging an Application
To debug a Visual Basic application, you basically need to perform two steps:
» Enable the Debug configuration in the compile options.

» Press FS to start debugging.

By pressing F5, Visual Studio runs your application and attaches an instance of the debug-
ger to the application. Because the Visual Studio debugger needs the debug symbols to
proceed, if you do not choose the Debug configuration, you cannot debug your applica-
tions. The instance of the debugger detaches when you shut down your application.

TIP

As an alternative to pressing F5, you can click the Start Debugging button on the
Visual Studio standard toolbar.

The debugger monitors your application’s execution and notifies for runtime errors; it
allows you to take control over the execution flow as well. Figure 2.28 shows our sample
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FIGURE 2.28 Our sample application running with an attached instance of the Visual Studio
debugger.

application running with the Visual Studio debugger attached. In the bottom area of the
IDE; you can notice the availability of some new windows, such as Locals, Watch 1, Watch
2, Call Stack, Breakpoints, Command Window, Immediate Window, and Output.

The Visual Studio debugger is a powerful tool; next you learn the most important tasks in
debugging applications. Chapter 5 instead dives deeper into the debugger instrumentation
for complex debugging tasks. Before explaining the tooling, it is a good idea to modify the
source code of our test application so that we can cause some errors and see the debugger
in action. We could rewrite the Sub Main method’s code, as shown in Listing 2.3.

LISTING 2.3 Modifying the Sub Main for Debugging Purposes

Sub Main()

'A text message
Dim message As String = "Hello Visual Basic 2010!"
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Console.WriteLine(message)

'Attempt to read a file that does not exist

Dim getSomeText As String =
My.Computer.FileSystem.ReadAllText("FakeFile.txt")

Console.WritelLine(getSomeText)
Console.ReadlLine()

End Sub

NEW TO VISUAL BASIC .NET?

If you are not an existing Visual Basic .NET developer, you may not know some of the
objects and keywords shown in the code listings of this chapter. The code is the sim-
plest possible, should be quite easy to understand, and is provided with comments.
The next chapters guide you to the details of the programming language, so everything
used here will be explained. At the moment, it is important for you to focus on the
instrumentation more than on the code.

The code simply declares a message object of type String, containing a text message. This
message is then shown in the Console window. This is useful for understanding break-
points and other features in the code editor. The second part of the code will try to open a
text file, which effectively does not exist, and store its content into a variable called
getSomeText of type String. We need this to understand how the debugger catches errors
at runtime, together with the edit and continue feature.

Breakpoints and Data Tips

Breakpoints enable you to control the execution flow of your application. Basically a
breakpoint breaks the execution of the application at the point where the breakpoint itself
is placed so that you can take required actions (situation known as break mode). You can
then resume the application execution. To place a breakpoint on a specific line of code,
just place the cursor on the line of code you want to debug and then press F9.

TIP

To add a breakpoint, you can also right-click the line of code you want to debug and
select the Breakpoint, Insert breakpoint command from the pop-up menu or just click
the leftmost column in the code window.

A breakpoint is easily recognizable, because it highlights in red the selected line of code
(see Figure 2.29).
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FIGURE 2.29 Placing a breakpoint in the code editor.

To see how breakpoints work, we can run the sample application by pressing F5. When
the debugger encounters a breakpoint, it breaks the execution and highlights in yellow the
line of code that is being debugged, as shown in Figure 2.30, before the code is executed.

FIGURE 2.30 When encountering a breakpoint, Visual Studio highlights the line of code that
is currently debugged.
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If you take a look at Figure 2.31, you notice a couple of amazing things. First, if you pass
with the mouse pointer over the message variable, IntelliSense shows the content of the
variable itself, which at the moment contains no value (in fact is set to Nothing). This
feature is known as Data Tips and is useful if you need to know the content of a variable or
of another object in a particular moment of the application execution. Another interesting
feature is that the Call Stack window shows that a breakpoint is currently available and
encountered on the specified line of code. The Call Stack window is discussed in Chapter 5.

THE VISUAL STUDIO HISTORICAL DEBUGGER

If you run the Microsoft Visual Studio 2010 Ultimate edition, you notice also another
window called Debug History that is a new feature of Visual Studio 2010. This window
is known as the Visual Studio Historical Debugger and is specific to the Visual Studio
Team System instrumentation and will be discussed in Chapter 57, “Introducing the
Visual Studio Extensibility.”

You can then execute just one line of code at a time, by pressing F11. For example,
supposing we want to check if the message variable is correctly initialized at runtime, we
could press F11 (which is a shortcut for the Step Into command in the Debug menu). The
line of code where the breakpoint is placed will now be executed, and Visual Studio will
highlight the next line of code. At that point you can still pass the mouse pointer over the
variable to see the assignment result, as shown in Figure 2.31.

FIGURE 2.31 Using the Step Into command enables us to check if the variable has been
assigned correctly.
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When you finish checking the assignments, you can resume the execution by simply
pressing F5. At this point the execution of the application continues until another break-
point or a runtime error is encountered. We discuss this second scenario next.

About Runtime Errors

Runtime errors are particular situations in which an error occurs during the application
execution but is not predictable by the developer or because of programming errors that
are not visible at compile time. Typical examples of runtime errors are when you create an
application and you give users the ability to specify a filename, but the file is not found
on disk, or when you need to access a database and pass an incorrect SQL query string.
Obviously in real-life applications you should predict such possibilities and implement the
appropriate error handling routines (discussed in Chapter 6, “Handling Errors and
Exceptions”), but for our learning purposes about the debugger, we need some code that
voluntarily causes an error. Continuing the debugging we began in the previous para-
graph, the application’s execution resumption causes a runtime error, because our code is
searching for a file that does not exist. When the error is raised, Visual Studio breaks the
execution as shown in Figure 2.32.

As you can see, the line of code that caused the error appears highlighted. You also can see
a pop-up window that shows some information about the error. In our example, the code
searches for a file that does not exist, so a FileNotFoundException is thrown and was not

FIGURE 2.32 The Visual Studio debugger encounters a runtime error.
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FIGURE 2.33 The View Detail window enables developers to examine deeply what caused an
exception.

handled by error handling routines; therefore, the execution of the application is broken.
Visual Studio also shows a description of the error message. (In our example it communi-
cates that the code could not find the FakeFile.txt file.) Visual Studio also shows some
suggestions. For example, the Troubleshooting tips suggest some tasks that you could do
at this point, such as verifying that the file exists in the specified location, checking the
path name or, last, getting general help about the error. Particularly, by clicking such a tip
you are redirected to the MSDN documentation about the error. This can be useful when
you don'’t exactly know what an error message means. There are other options within the
Actions group. The most important is the one named View Detail. This enables you to
open the View Detail window, which is represented in Figure 2.33.

Notice how the StackTrace item shows the hierarchy of calls to classes and methods that
effectively produced the error. Another interesting item is the InnerException. In our
example it is set to Nothing, but it’s not unusual for this item to show a kind of excep-
tions tree that enables you to better understand what actually caused an error. For
example, think of working with data. You might want to connect to SQL Server and fetch
data from a database. You could not have sufficient rights to access the database, and the
runtime might return a data access exception that does not allow you to immediately
understand what the problem is. Browsing the InnerException can let you understand
that the problem was caused by insufficient rights. Going back to the code, this is the
point where you can fix it and where the Edit and Continue features comes in.

Edit and Continue

The Edit and Continue features enables you to fix bad code and resume the application
execution from the point where it was broken, without the need of restarting the appli-
cation. Basically you just need to run the application by pressing F5; then you can break
its execution by pressing Ctrl+Alt+Break or selecting the Break All command in the
Debug menu.
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AVAILABILITY OF EDIT AND CONTINUE

Generally you can use the Edit and Continue features, but there are situations in which
you will not. For example, if fixing your code may influence the general application
behavior, you need to restart the application. Also, Edit and Continue is not available
when running configurations that target 64-bits CPUs.

In our example we need to fix the code that searches for a not existing file. We can replace
the line of code with this one:

Dim getSomeText As String = "Fixed code"

This simply replaces the search of a file with a text message. At this point we can press F5
(or F11 if we want to just execute the line of code and debug the next one) to resume the
execution. Figure 2.34 shows how the application now runs correctly. The Edit and
Continue feature completes the overview of the debugging features in Visual Studio. As we
mentioned before, this topic is covered in detail in Chapter 6.

FIGURE 2.34 The sample application running correctly after fixing errors.

After this brief overview of the debugging features in Visual Studio 2010, it’s time to talk
about another important topic for letting you feel at home within the Visual Studio 2010
IDE when developing applications: getting help and documentation.

Browsing the Visual Basic and .NET Documentation

The .NET Framework Base Class Library is very large, and remembering all the objects that
you can use in your applications (or the ones that .NET Framework relies on) is not possi-
ble. What is instead important is to know where to search for information. You have
different tools available to browse the .NET Framework and its documentation, for Visual
Basic, too. Because the goal of this chapter is to provide information on the primary tools
you need for developing Visual Basic applications, getting help with the language and
with the tooling is absolutely one of the primary necessities, as discussed next.
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Online Help and the MSDN Library

Visual Studio 2010 ships with the MSDN Library, which is the place where you can find
documentation for Visual Basic 2010 and the .NET Framework 4.0. There are basically two
ways to access the MSDN Library: offline and online. To access the MSDN Library offline
you have the following alternatives:

» Click the View Help command from the Help menu in Visual Studio.
» Press F1 from wherever you are.

» Open the Microsoft Visual Studio 2010 Documentation shortcut that is available
in Windows's Start, All Programs, Microsoft Visual Studio 2010 menu.

» Open the MSDN Library shortcut that is available in Windows’s Start, All Programs,
Microsoft Developer Network menu.

If you are writing code or performing a particular task on a tool within the IDE, pressing
F1 is the best choice because you will be redirected to the help page related to that
instruction, code statement, or tool. If you are instead searching for information about a
particular technology or framework, such as WPF or the Visual Studio Tools for Office, you
could consider one of the other choices. To access the MSDN Library online, you just need
an Internet connection. Then you can specify to always use the on-line help by selecting
Help, Manage Help Settings and then click Choose Online or Local Help, or manually
open one of the following websites, which are the main points of interest for a Visual
Basic developer:

» The MSDN Library portal at http://msdn.microsoft.com/en-us/library/default.aspx

» The .NET Framework reference at http://msdn.microsoft.com/en-
us/library/w0x726¢2(VS.100).aspx

» The Visual Basic Developer Center at http://msdn.com/vbasic

You can also quickly find information on particular objects using built-in tools, such as
the Object Browser.

Object Browser Window

The Object Browser is a special tool window that enables you to browse the .NET
Framework class library. You can get a hierarchical view of the Base Class Library and of all
the types defined in your solution, including types defined in referenced external assem-
blies. The Object Browser is useful because you can understand how a type is defined,
what members it exposes, what interfaces it implements and what other classes it derives
from. If the types are documented, you can get a description for each object or member.

TIP

You can activate the Object Browser by pressing Ctrl+ALT+)J.
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FIGURE 2.35 The Object Browser enables exploring .NET objects showing information.

Figure 2.35 represents, as an example, the Object Browser showing members of the
System.Windows.ContentElement class.

The right side of the window lists methods and properties exposed by the selected object.
When you click on a method or on a member of the object in the left side of the window,
a short description of the object should appear in the bottom-right side of the Object
Browser. If the description is not useful enough to understand the meaning of an object or
of one of its members, you can just press F1, and Visual Studio shows the online help (if
available) for the object or member. The Object Browser also provides links to objects used
by the one you are exploring. Considering the example shown in Figure 2.35, you not
only can see the description of a method, but you can also click on the parameters’ identi-
fiers to be redirected to the definition of the parameter. The Object Browser can also be
invoked when writing code, as discussed next.

Invoking the Object Browser from the Code Editor

Often you need to know how particular .NET objects or members are structured or how
they work. Visual Studio 2010 provides the ability of invoking the Object Browser directly
from the code editor, by just right-clicking the object you want to browse and selecting
the Go to Definition command from the pop-up menu. For example, imagine you want
to know how the Console class is defined. To accomplish this, you can revisit the
MyFirst2010Program example. When in the code editor, right-click the Console object.
Figure 2.36 shows the pop-up menu.

By doing this, Visual Studio opens the Object Browser that automatically selects the Console
class, showing also its methods on the right side of the screen (see Figure 2.37 for details).
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FIGURE 2.36 The Object Browser can be invoked from the code editor by clicking the Go to
Type Definition command.

FIGURE 2.37 The Object Browser automatically shows the definition for the type you selected
in the code editor.
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This technique works with shared classes or, more generally, with declarations of nonin-
stance classes, but there are situations in which you may want to learn about data types or
instance members’ definitions. For example, consider the following code:

Dim text As String
text = "Hi!"

If you try to run the Go to Definition command for the text identifier, you will be redi-
rected to the first line of code, which effectively defines the text object. But what if you
want to browse the String object? Fortunately there is another command that you can
choose in such situations, which is named Go to Type Definition and that is still available
in the pop-up menu. Invoking Go to Type Definition redirects to the definition of the
type that characterizes the object you declared (in our example, String). The result will be
the same as in Figure 2.37.

NOTE

Instance and shared members is discussed in detail in Chapter 7, “Class
Fundamentals.”

Although the Object Browsetr’s purpose is not typically to provide help, definitely it is a
good place for learning about .NET objects, both if you need information on their struc-
ture and if you need descriptions on their usage.

Summary

In this chapter we discussed basic things you need to know as a Visual Basic developer to
feel at home within the Visual Studio 2010 Integrated Development Environment. Tasks
such as creating projects, compiling projects, debugging applications, and searching for
documentation are the most common in the developer life, and this chapter offers a fast
way to understand all the primary tools you need for building applications with Visual
Basic 2010. Now that you know how you can move inside the IDE, it’s time to begin
working with the Visual Basic programming language.



CHAPTER 3

The Anatomy of a Visual
Basic Project

Although you can create lots of kinds of projects both for
Windows and the Web with Visual Basic 2010, there is a
common set of files for each project. In this chapter you
learn which files give the structure to each project and how
the files influence the building of an application. You also
get an overview of references, namespaces, classes, modules,
and Visual Basic keywords.

Brief Overview of Types and
Members

In the second part of this book, we discuss important topics
related to the object-oriented programming with Visual
Basic 2010, and we explore features such as types, classes,
modules, namespaces, interfaces, and class members. Before
going into this, it would be a good idea to have at least an
overview of classes, modules, namespaces, and class
members because you will find these objects in code exam-
ples or in Visual Basic features that are shown prior to
Chapter 7, “Class Fundamentals.”

IF SOMETHING IS NOT CLEAR

The following is only a brief overview of some impor-
tant topics. Don’t be afraid if any of the following con-
cepts are not clear or worry if things seem small.
Starting in Chapter 4, “Data Types and Expressions,”
and continuing through Part 2, “Object-Oriented
Programming with Visual Basic 2010,” of this book, all
concepts are discussed in detail.

IN THIS CHAPTER

>

Brief Overview of Types and
Members

Visual Basic 2010 Reserved
Keywords

Understanding Project Files

Understanding References
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Classes

Classes in .NET development represent objects whose declaration is enclosed within
Class..End Class blocks. The following is an example of class declaration:

Class Person
End Class

Classes are reference types (explained more in Chapter 4) and can expose members that
influence the object’s behavior, such as properties and methods. Classes can implement
interfaces and they can also be static (or Shared according to the VB terminology) and can
provide support for inheritance.

Properties

Properties are characteristics of a type. For example, the previously shown class Person
could have two properties, such as the first name and the last name:

Class Person
Property FirstName As String
Property LastName As String
End Class

PROPERTIES IN VISUAL BASIC 2010

Visual Basic 2010 introduces a new syntax for properties known as auto-implemented
properties. To declare properties you need just the Property keyword without explicitly
specifying getters and setters. This is discussed further in Chapter 7.

Methods

Methods are the .NET representation of what in other programming environments you
define as functions and procedures. A method can be a member of classes, structures, and
modules. Methods that return a value are represented by Function..End Function blocks,
such as the following:

Function DoSomething() As String
Return "A text message"
End Function

Methods that do not return a value are represented by Sub..End Sub blocks, such as the
following:

Sub DoSomething()
'write your code here
End Sub
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Methods can receive parameters that can be processed within code blocks. Such parame-
ters are called, using .NET terminology, arguments. The following code block shows an
example of an argument named message:

Sub DoSomething(ByVal message As String)
Console.Writeline(message)
End Sub

Modules

Modules are defined within a Module..End Module code block. Modules are basically
Shared classes but, unlike classes, they cannot implement interfaces. The following is an
example of a module:

Module Modulet

Sub DoSomething()
'Code goes here
End Sub
End Module

Members defined inside modules don’t require the name of the module when invoked.

Structures

Structures are .NET objects represented by a Structure..End Structure code block.
Structures are value types, which are described more in Chapter 4, and for classes, can
expose properties, methods, and so on. The following is an example of a structure declara-
tion:

Structure SomeValues

Property FirstValue As Boolean
Property SecondValue As Integer

Sub DoSomething()

End Sub
End Structure

Inheritance

Inheritance is one of the most important features of the .NET Framework. A class can
inherit or derive from another class, meaning that the new class can have all properties,
methods, and members exposed by the first class, which is called base class, and can then
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define its own members. Inherited members can then be overridden to adapt their behav-
ior to the new class’ context. The .NET Framework provides one-level inheritance,
meaning that a class can inherit from one other class per time. Each class derives implicitly
from System.Object. The Inherits keyword is used to inherit classes. The following code
provides an example of a base class named Person and of a derived class named Customer:

Public Class Person
Public Property FirstName As String
Public Property LastName As String

'"A new definition of System.Object.ToString
Public Overrides Function ToString() As String
Return String.Concat(FirstName, " ", LastName)
End Function
End Class

Public Class Customer
Inherits Person

Public Property CompanyName As String

Public Overrides Function ToString() As String
Return CompanyName
End Function

End Class

In the preceding example the Person class overrides (that is, provides a new definition of)
the System.Object.ToString method. The Customer class exposes a new CompanyName
property whereas, via inheritance, it exposes the FirstName and LastName properties.
Finally, the class also overrides the Person.ToString method. Inheritance is discussed in
Chapter 12. “Inheritance.”

Namespaces

A namespace is basically a container of types. This means that one namespace can contain
multiple classes, multiple modules, multiple interfaces, multiple structures, and so on. The
following is an example of a namespace exposing two classes, one module, one structure,
and one interface:

Namespace Test

Class Person
Property FirstName As String
Property LastName As String
End Class
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Class Employee
Inherits Person

Property EmployeeID As Integer
End Class

Module Modulet

Sub DoSomething()

End Sub
End Module

Interface ITest
Sub TakeATest()
End Interface

Structure SomeValues
Property FirstValue As Boolean
Property SecondValue As Integer
End Structure
End Namespace

Namespaces are important for a better organization of types, but there is another reason.
You could have two classes with the same name (for example, Employee) but with different
properties. Namespaces enable you to avoid conflicts in such scenarios. You can access
types exposed by a namespace by simply writing its identifier followed by a dot and then
by the type name. For example, if you want to invoke the method DoSomething in

Modulei1 you could write the following line of code:

Test.Module1.DoSomething()
Namespaces are described in detail in Chapter 9, “Organizing Types Within Namespaces.”

Accessing Members

Unless you declare shared objects, you need to instantiate classes and structures before
you can use members and store information within those objects. You instantiate a class
declaring a variable and using the New keyword as in the following line of code:

Dim testPerson As New Person

Then you can set properties for the new instance or eventually invoke other members
such as methods. For example, you could initialize testPerson’s properties as follows:

testPerson.FirstName = "Alessandro"
testPerson.LastName = "Del Sole"
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Basically when you need to invoke a member of a class, you type the name of the instance
(in this example testPerson) followed by a dot and by the name of the member. For
shared members, you just write the name of the class or structure followed by a dot and
by the name of the member.

INITIALIZING MEMBERS

Visual Basic 2010 offers an alternative way for initializing members’ valued when instan-
tiating classes. This feature is known as Object Initializers and is discussed in Chapter 7.

Imports Directives

As we saw before, namespaces can expose objects that expose members. Moreover, name-
spaces can expose nested namespaces, exposing objects and so on. You often need to
access members of objects exposed by nested namespaces. To avoid the need of typing the
entire name of long (or nested) namespaces and writing long lines of code, the Visual
Basic language offers the Imports directive. For example, consider the following lines of
code that open a file on disk:

Dim myFile As New System.IO.FileStream("C:\test.bin",
I0.FileMode.Open)
myFile.Close()

The FileStream class is exposed by the I0 namespace that is exposed by the System name-
space. You could place the following directive at the beginning of the code:

Imports System.IO

At this point the first line of code could be rewritten as follows:

Dim myFile As New FileStream("C:\test.bin", FileMode.Open)

Imports directives are useful because they help to handle a much clearer code. Just
remember that such directives must be the first lines of each code file. The only exception
is constituted by the Option clause that must precede the Imports directives.

#Region. . #End Region Directives

Visual Basic provides an efficient way for organizing your code within regions. A region
represents a collapsible area of the code editor that can contain any code and that takes
the advantage of the outlining feature of the Visual Studio 2010 code editor. Regions are
defined with #Region..#End Region directives. The following code snippet shows how to
define a region:

#Region "Private Members"
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Private firstItem As String
Private secondItem As Integer

#End Region

The #Region directive requires the specification of a descriptive caption. When you declare
regions, you can then collapse regions by clicking on the - (minus) symbol on the left of
the #Region directive. When collapsed, the region shows just the descriptive caption and
can then be expanded again by clicking on the + (plus) symbol. Also notice that the
Visual Studio 2010 IDE allows collapsing a region by double-clicking anywhere on the
#Region..#End Region connector line on the left side of the code window. Such directives
will not be compiled and will not affect performances at all.

Attributes

Attributes are classes deriving from the System.Attribute class and provide declarative
information to objects or members they are applied to, providing also the ability to
change their behavior. As a convention, applying an attribute is also known as decorating
or marking a member. Attributes are basically class instances; you can apply attributes
enclosing their names within < > symbols; moreover they can receive arguments. The
following are examples of decorating members with attributes:

<Serializable()> Class Test

End Class
<CLSCompliant(True)> Class Test

End Class

In the preceding snippets, the Serializable attribute creates a new instance of the
System.SerializableAttribute class that indicates to the compiler that the decorated
class can take advantage of the serialization process. The CLSCompliant attribute, whose
value is True, means that the decorated class is compliant to Microsoft’s Common
Language Specifications. Attributes are discussed in Chapter 48, “Coding Attributes,” and
you often find examples in this book that require code to be decorated with attributes.

A New Feature: Implicit Line Continuation

Visual Basic 2010 introduces an important new feature when writing code (which is a
historical change in the language) known as implicit line continuation. Back in older
versions, if you needed to split a long line of code into more brief and readable lines of
code in the editor, you needed to add an underscore ( _ ) character. With Visual Basic 2010
this is no longer necessary, with a few exceptions. You can simply press Enter when you
need to split a line of code, and the compiler will automatically recognize a line continua-
tion, depending on what kind of code you are writing.
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TIP

Implicit line continuation is not mandatory. If you prefer adding underscores for line
continuation, of course you are still allowed to do it.

The following are situations in which the implicit line continuation is allowed:

» Within LINQ queries

» Within embedded expressions in LINQ to XML queries

» After dots

» After commas

» After brackets

» When decorating members with attributes

» Before an assignment
Let’s see how implicit line continuation works. The first code snippet shows a LINQ query:
Dim query = From proc In Process.GetProcesses.AsEnumerable

Where (proc.ProcessName.StartsWith("A"))
Select proc

In Visual Basic 2008 you needed to add an underscore after the first and second line of
code. Now this is no longer necessary. The second code snippet shows a LINQ to Xml
query with embedded expressions without underscores:

Dim doc = <?xml version="1.0"?>
<Processes>
<%= From proc In query
Select <Process>
<Name <%= proc.ProcessName %>/>
</Process>
%>

</Processes>

The third code snippet shows both commas and brackets without underscores:

Dim p As New List(Of Integer) From {
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The fourth code snippet is about dots. In this case implicit line continuation can be useful
when invoking methods or properties:

Dim appDataDir As String = My.Computer.FileSystem.
SpecialDirectories.AllUsersApplicationData()

The fifth code snippet shows implicit line continuation with attributes:

<CLSCompliant(True)>
Class Test

End Class

The sixth and last code snippet demonstrates how you can use implicit line continuation
before an assignment:

Dim aValue As Integer
aValue =
10

All the preceding code snippets are now perfectly legal. In all cases of the preceding exam-
ples, implicit line continuation is not allowed. For example, you still must add an under-
score after the Handles clause when handling events:

Private Sub AnEventHandler(ByVal sender As Object, ByVal e As EventArgs) _
Handles anObject.Disposed

End Sub

Although you might expect such discussion in Chapter 2, “Getting Started with the Visual
Studio 2010 IDE,” about the code editor, you first need to get an overview of concepts
that help you understand where implicit line continuation is allowed or disallowed.

Visual Basic 2010 Reserved Keywords

When writing code, you often define types or declare variables. Types and variables are
recognizable via identifiers. An identifier is essentially the name of a type or of a variable
and not necessarily a word that makes sense, although it is a good practice to assign
human readable identifiers. For example, an identifier such as DoSomething is much better
than DoSmt. For this, there are some words in the Visual Basic lexical grammar that you
cannot use as identifiers for your variables because they are reserved for the language.
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IDENTIFIERS NAMING CONVENTIONS

.NET programming principles establish that identifiers must match some rules when
writing code, including identifiers. Such naming conventions are stated by the Common
Language Specifications that are covered in Chapter 21, “Advanced Languages
Features.” For now keep in mind the best practice regarding human readable identi-
fiers. Later in the book you learn how identifiers should be correctly written.

Table 3.1 shows a list of the Visual Basic 2010 reserved words.

TABLE 3.1 Visual Basic 2010 Reserved Keywords

AddHandler AddressOf Alias And
AndAlso As Boolean ByRef
Byte ByVal Call Case
Catch CBool CByte CChar
CDate CDbl CDec Char
Cint Class CLng CObj
Const Continue CSByte CShort
CSng CStr CType CUInt
CULng CUShort Date Decimal
Declare Default Delegate Dim
DirectCast Do Double Each
Else Elself End EndIf
Enum Erase Error Event
Exit False Finally For
Friend Function Get GetType
GetXmINamespace Global GoSub GoTo
Handles If Implements Imports
In Inherits Integer Interface
Is IsNot Let Lib

Like Long Loop Me

Mod Module Mustinherit MustOverride
MyBase MyClass Namespace Narrowing

New Next Not Nothing
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TABLE 3.1 Continued

NotInheritable NotOverridable Object Of

On Operator Option Optional

Or OrElse Overloads Overridable
Overrides ParamArray Partial Private
Property Protected Public RaiseEvent
ReadOnly ReDim REM RemoveHandler
Resume Return SByte Select

Set Shadows Shared Short
Single Static Step Stop

String Structure Sub SyncLock
Then Throw To True

Try TryCast TypeOf Ulnteger
ULong UShort Using Variant
Wend When While Widening
With WithEvents WriteOnly Xor

USING RESERVED WORDS AS IDENTIFIERS

As an exception, you can use reserved words as identifiers enclosing them in a cou-
ple of square brackets. For example, New is a reserved word and cannot be used
whereas [New] can be accepted. Although allowed, this practice should be used only
in particular cases because it could lead to confusion, especially if you are not an
experienced developer.

Although the code editor is powerful enough to advise when you are attempting to use a
reserved keyword as an identifier, having a reference is practical.

VISUAL BASIC IS CASE-INSENSITIVE

When writing code remember that Visual Basic is a case-insensitive programming lan-
guage. This means that, differently from C#, writing Hello is the same of writing HELLO
or hello or helLLo. Take care with this feature when assigning identifiers.
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Understanding Project Files

Each Visual Basic project is composed of several code files. Some of them are by default
visible to the developer and are the ones that you need to edit to create your application.
There are also some other files (which are hidden by default but that can be made visible
manually) that we can consider as support files. To understand what kind of support these
files offer, we have to think that most of the settings that we can provide to our applica-
tions via the My Project window are represented with Visual Basic code. Particularly,
Visual Basic translates into code the content of the Application, Resources, Settings and
My Extensions tabs. In this chapter you get a detailed description of files that represent
the Application tab in My Project and then you get an overview of files that represent
other tabs. Although you seldom edit these code files manually, because all of them have
design time support from My Project (as detailed in Chapter 20, “The ‘My’ Namespace,”
when describing the My namespace), there could be some situations in which you need to
manually edit them, so it’s important to know something about them. Before going on,
you need to click the Show All Files button in Solution Explorer. This gives visibility to
several code files that are hidden by default and that provide the main infrastructure for
each Visual Basic project.

Dissecting My Project

In Chapter 2 we introduced the My Project window and saw how it offers graphical tools
for specifying some settings when developing applications, such as application informa-
tion and compile options. Understanding My Project is important because it also provides
the infrastructure of the My namespace, offering the ability for specifying important
settings that are discussed in Chapter 20. For now, we need to know that My Project
offers a graphical representation of information that is stored in some code files. In
Solution Explorer you can notice an element named My Project. When you double-click
this element, you are redirected to the My Project window. But when you enable the All
Files view, you notice how the My Project element becomes a folder that can be
expanded. Within this folder (which is physically stored inside the project’s folder and
contains all files described in this section), you can notice the presence of several files
packaged into the assembly’s metadata when you build the project. We now describe such
files and how they work.

MY PROJECT IS VERSATILE

Depending on what kind of application you develop, My Project can implement addition-
al tabs or remove some. For example, if you develop a Silverlight application you can
find tabs in My Project that are specific for Silverlight and that will be discussed in the
appropriate chapters.

Application.MyApp

The Application.myapp file is an XML representation of the project’s main properties.
Listing 3.1 shows the content of this file as it becomes available when you create a new
Console application.
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LISTING 3.1 The Content of Application.myapp

<?xml version="1.0" encoding="utf-8"?>
<MyApplicationData xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema">
<MySubMain>false</MySubMain>
<SinglelInstance>false</SinglelInstance>
<ShutdownMode>@</ShutdownMode>
<EnableVisualStyles>true</EnableVisualStyles>
<AuthenticationMode>0</AuthenticationMode>
<ApplicationType>2</ApplicationType>
<SaveMySettingsOnExit>true</SaveMySettingsOnExit>
</MyApplicationData>

XML elements in this file are self-explanatory, and you may notice how each of them
represents a particular item on the Application tab. The Application.myapp file is the
brother of another file named Application.Designer.vb. Such a file basically stores informa-
tion related to Windows Forms applications such as the authentication mode and the
shutdown mode. It is the complement for those application options that you can see in
the Windows Application Framework Properties group in the Application tab. Listing 3.2
shows the content of the Application.Designer.vb as it is generated for a Windows Forms
application.

LISTING 3.2 The Content of Application.Designer.vb
Partial Friend Class MyApplication

Public Sub New()
MyBase.New(Global.Microsoft.VisualBasic.ApplicationServices.
AuthenticationMode.Windows)
Me.IsSingleInstance = false
Me.EnableVisualStyles = true
Me.SaveMySettingsOnExit = true
Me.ShutDownStyle = Global.Microsoft.VisualBasic.ApplicationServices.
ShutdownMode.AfterMainFormCloses
End Sub

Protected Overrides Sub OnCreateMainForm()
Me.MainForm = Global.WindowsApplicationi.Form1
End Sub
End Class

For the sake of simplicity, in the preceding code some attributes are omitted that Visual
Studio adds to class members and that are related to the debugger interaction. As you can
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see examining Listing 3.2, items in the Application tab of My Project have been mapped
to Visual Basic properties. The Me identifier represents the instance of the current applica-
tion. The OnCreateMainForm method establishes which window must be the startup one.
In this case Form1 is the default name that Visual Studio assigns to the main window
when a new project is created. If you also examine the code inside the IDE, you can notice
how there are some comments in the code that advise that the code itself is auto-gener-
ated and that you should not edit it manually, because you can use the My Project
designer that will automatically map changes to the Visual Basic code. You might need to
set custom actions for application events (such as Startup or Shutdown, which are
usually handled in the ApplicationEvents.vb file) and Application.designer.vb is
the right place.

Assemblyinfo.vb

In Chapter 2 we discussed the Assembly Information dialog, describing how it is used for
specifying information about applications. All the information is stored in a file named
AssemblyInfo.vb. Listing 3.3 shows the content of this file as it is available when you
create a new project.

LISTING 3.3 Assemblylnfo.vb Content

Imports System
Imports System.Reflection
Imports System.Runtime.InteropServices

General Information about an assembly is controlled through the following
set of attributes. Change these attribute values to modify the information
associated with an assembly.

Review the values of the assembly attributes

<Assembly: AssemblyTitle("WindowsApplicationi")>
<Assembly: AssemblyDescription("")>

<Assembly: AssemblyCompany("")>

<Assembly: AssemblyProduct("WindowsApplicationi")>
<Assembly: AssemblyCopyright("Copyright © 2009")>
<Assembly: AssemblyTrademark("")>

<Assembly: ComVisible(False)>

‘The following GUID is for the ID of the typelib if this project is exposed to COM
<Assembly: Guid("5572d199-a7ca-48c3-98d3-56533cd6has86")>
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' Version information for an assembly consists of the following four values:

! Major Version
! Minor Version
! Build Number
Revision

" You can specify all the values or you can default the Build and Revision Numbers
' by using the '*' as shown below:
' <Assembly: AssemblyVersion("1.0.*")>

<Assembly: AssemblyVersion("1.0.0.0")>
<Assembly: AssemblyFileVersion("1.0.0.0")>

As you can notice examining the Visual Basic code shown in Listing 3.3, there are several
items whose identifier begins with the word Assembly, such as AssemblyTitle,
AssemblyCompany, and so on. Each item is in relationship with fields of the Assembly
Information dialog. Moreover such items are marked with an attribute named Assembly.
Attributes are discussed in Chapter 48. The reason why it is useful knowing about the
above file is that there are situations in which you need to edit this file manually.
Examples are localization of WPF applications or marking an assembly as compliant to
Microsoft Common Language Specifications.

Resources and the Resources.resx File

Visual Studio 2010 enables defining resources that you can embed in your assembly’s
metadata and use within your applications. Resources can include strings, icons, picture
files, audio files, and so on. My Project offers a tab named Resources that provides a visual
way for defining project level resources.

PRACTICAL USAGE OF RESOURCES

Although available in several kinds of projects, resources have to be used to fit particu-
lar scenarios. For example resources can be successfully used in Windows applications
such as Console and Windows Forms, but they are not the best choice for Windows
Presentation Foundation applications. So you need to pay attention when using
resources according to the particular situations.

Figure 3.1 shows the Resources designer with the definition of a String resource named
TextMessage that has a value and a description. We revisit the Resources tab in Chapter
20, where we discuss My namespace, but if you are curious, you can play with the
designer to see what kind of resources you can add.
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FIGURE 3.1 The My Resources designer.

Resources are supported by two files stored inside the My Project folder: Resources.resx
and Resources.designer.vb. The first one is basically an XML schema used by Visual Studio
for working with resources. Listing 3.4 shows the content of the schema.

LISTING 3.4 The Content of Resources.resx

<root>
<xsd:schema id="root" xmlns="" xmlns:xsd="http://www.w3.0rg/2001/XMLSchema"
xmlns:msdata="urn:schemas-microsoft-com:xml-msdata">
<xsd:import namespace="http://www.w3.org/XML/1998/namespace" />
<xsd:element name="root" msdata:IsDataSet="true">
<xsd:complexType>
<xsd:choice maxOccurs="unbounded">
<xsd:element name="metadata">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="value" type="xsd:string" minOccurs="0Q" />
</xsd:sequence>
<xsd:attribute name="name" use="required" type="xsd:string" />
<xsd:attribute name="type" type="xsd:string" />
<xsd:attribute name="mimetype" type="xsd:string" />
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<xsd:attribute ref="xml:space" />
</xsd:complexType>
</xsd:element>
<xsd:element name="assembly">
<xsd:complexType>
<xsd:attribute name="alias" type="xsd:string" />
<xsd:attribute name="name" type="xsd:string" />
</xsd:complexType>
</xsd:element>
<xsd:element name="data">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="value" type="xsd:string" minOccurs="0"
msdata:0rdinal="1" />
<xsd:element name="comment" type="xsd:string" minOccurs="0"
msdata:0rdinal="2" />
</xsd:sequence>
<xsd:attribute name="name" type="xsd:string" use="required"
msdata:0Ordinal="1" />
<xsd:attribute name="type" type="xsd:string" msdata:Ordinal="3" />
<xsd:attribute name="mimetype" type="xsd:string" msdata:0Ordinal="4" />
<xsd:attribute ref="xml:space" />
</xsd:complexType>
</xsd:element>
<xsd:element name="resheader">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="value" type="xsd:string" minOccurs="0"
msdata:0rdinal="1" />
</xsd:sequence>
<xsd:attribute name="name" type="xsd:string" use="required" />
</xsd:complexType>
</xsd:element>
</xsd:choice>
</xsd:complexType>
</xsd:element>
</xsd:schema>
<resheader name="resmimetype">
<value>text/microsoft-resx</value>
</resheader>
<resheader name="version">
<value>2.0</value>
</resheader>
<resheader name="reader">
<value>System.Resources.ResXResourceReader, System.Windows.Forms,
Version=4.0.0.0, Culture=neutral, PublicKeyToken=b77a5c561934e089</value>
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</resheader>
<resheader name="writer">
<value>System.Resources.ResXResourceWriter, System.Windows.Forms, Ver-
sion=4.0.0.0, Culture=neutral, PublicKeyToken=b77a5c561934e089</value>
</resheader>
<data name="TextMessage" xml:space="preserve">
<value>Hello Visual Basic 2010!</value>
<comment>This is a test string</comment>
</data>
</root>

This schema establishes how a resource is defined, with names, values, comments, and a
MIME type that identifies the file type. At the end of the XML markup code, you can see
how resources are stored. Continuing with our example, you can see the name of the
resource (inside the data element), its value, and the description we provided via the
designer. This schema is used by Visual Studio for design time purposes. To work with
resources in our applications, Visual Studio also needs to provide Visual Basic code support
for resources. Such support is provided by a code file named Resources.designer.vb. This
file handles a reference to a .NET object called ResourceManager that is responsible for
managing resources in code. Listing 3.5 shows the content of Resources.designer.vb. (For
the sake of simplicity, auto-generated attributes are not covered here.)

LISTING 3.5 Content of Resources.designer.vb

Friend Module Resources

Private resourceMan As Global.System.Resources.ResourceManager
Private resourceCulture As Global.System.Globalization.CultureInfo

Friend ReadOnly Property ResourceManager() As
Global.System.Resources.ResourceManager
Get
If Object.ReferenceEquals(resourceMan, Nothing) Then
Dim temp As Global.System.Resources.ResourceManager =
New Global.System.Resources.ResourceManager("MyFirst2010Program.Resources",
GetType (Resources) .Assembly)
resourceMan = temp
End If
Return resourceMan
End Get
End Property

Friend Property Culture() As Global.System.Globalization.CultureInfo
Get
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Return resourceCulture
End Get
Set(Byval value As Global.System.Globalization.CultureInfo)
resourceCulture = value
End Set
End Property

Friend ReadOnly Property TextMessage() As String
Get
Return ResourceManager.GetString("TextMessage", resourceCulture)
End Get
End Property
End Module

At this point in the book you don’t effectively need to know what each type used in code
refers to, whereas it is useful to know the existence of the ResourceManager property that
points to the project resources. (See the declaration of the temp variable.) This handles a
reference to the application-level ResourceManager that enables access to resources. There
is another property named Culture that is of type System.Globalization.CultureInfo.
This property sets or returns the current localization for resources. The last property in the
code is named TextMessage and is the Visual Basic representation of the string resource
defined in My Project. This is a read-only property, because you cannot change it in code
(you can change it only via designer) and returns a localized version of the resource invok-
ing the GetString method of the ResourceManager class. GetString requires an object of
type CultureInfo (in our code it’s resourceCulture) that represents the culture that the
resource must be localized to. The following line of code shows how you can access the
preceding defined resource, which is discussed further in Chapter 20:

Dim myString As String = My.Resources.TextMessage

When you access resources, as shown in Chapter 20, you do not need to manually invoke
this background code, but you need to know how it is structured to better understand
what’s happening behind the scenes. Resources are not the only feature in My Project that
is supported by Visual Basic code for design time features. Settings are another one of
these features.

Application Settings

Settings in Visual Basic development are particular objects that provide a managed way for
manipulating applications and user level settings. For example, you could provide users
with the ability of customizing options in the user interface of your application. To save
and read such customizations to and from disk, you can use .NET Settings. My Project
provides a tab named Settings that enables specifying information at the application or
user level. Figure 3.2 shows an example.
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FIGURE 3.2 Settings Tab in My Project.

As you can see in Figure 3.2, you can specify an identifier for each setting, a type (which
you can understand better by reading Chapter 4), the scope, and the value. For the scope,
User means that only the user that runs the application can use that setting. Application
means that the setting is available at the application level, independently from the user
that logged into Windows (and therefore is available to all users). As with Resources,
Settings will be also described in detail in Chapter 20. Settings are represented by a simple
XML file, named Settings.settings. Listing 3.6 shows the content of Settings.settings after
the addition of the sample setting.

VIEWING THE SETTINGS.SETTINGS FILE WITH THE XML EDITOR

In order to view the Xml content for the Settings.settings file, right-click the file name in
Solution Explorer, select the Open With command and select Xml (Text) Editor in the
Open With dialog.

LISTING 3.6 Settings.settings Content

<?xml version='1.0' encoding='utf-8'?>
<SettingsFile xmlns="http://schemas.microsoft.com/VisualStudio/2004/01/settings"
CurrentProfile="(Default)" GeneratedClassNamespace="My" GeneratedClass-
Name="MySettings" UseMySettingsClassName="true">

<Profiles />
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<Settings>
<Setting Name="StartState" Type="System.Boolean" Scope="User">
<Value Profile="(Default)">True</Value>
</Setting>
</Settings>
</SettingsFile>

In the XML markup you can see the presence of a Settings node that stores as many
Setting elements and as many settings that you specify in My Project. In our example
there is just one Setting element that contains the name of the setting, the data type, the
scope, and the default value (which means the value you specify in My Project). The
Settings.settings file also has Visual Basic support, which is represented by another file
named Settings.designer.vb. We do not need to examine all the content of this file when
just a couple of parts of the code can be interesting for us. First, this file implements a
property named Settings that is accessible via the My namespace, as detailed in Chapter
20. Listing 3.7 shows the definition of this property.

LISTING 3.7 Definition of the Settings Property

Friend ReadOnly Property Settings() As
Global.MyFirst2010Program.My.MySettings
Get
Return Global.MyFirst2010Program.My.MySettings.Default
End Get
End Property

The Settings property represents the active instance of the Settings object that you can
use in your applications. How the active instance is defined is beyond the scope of this
chapter, but now you know that the Settings tab in My Project also has a counterpart in
two support files. Just for your convenience, the following line of code shows how you
can access settings and how we set them before:

Dim currentValue As Boolean = My.Settings.StartState
The value stored in the StartState setting will be assigned to a variable named

currentValue. Examining My namespace in Chapter 20 can clarify the usage of Settings
and Resources and of many other interesting features.

Understanding References

The Base Class Library exposes types through several assemblies that are part of the .NET
Framework, and you will often need to invoke types from those assemblies. Moreover,
although very rich, the BCL cannot define types covering every aspect of application
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development. This means that you will often need to use types exposed by other assem-
blies, such as other projects in the same solution or external compiled assemblies.

NOTE

Each time you create a new project, Visual Studio automatically adds references to
some .NET assemblies that are necessary for each kind of application and that expose
the BCL's core part, such as System.dll and System.Core.dIl.

To use types defined in external assemblies, you need to add a reference in your project to
the desired assembly. To accomplish this, right-click the project name in Solution Explorer
and click the Add Reference command from the pop-up menu or select the References
tab in My Project and click Add. This activates the Add reference dialog, as shown in
Figure 3.3.

FIGURE 3.3 The Add Reference Dialog.

You need to select the assemblies you want to reference. More than one assembly can be
selected by pressing Ctrl and then click on the name of the required assembly. The Add
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Reference dialog is divided into several tabs. The default tab is named .NET and shows a
list of all the available assemblies in the Global Assembly Cache.

WHAT IS THE GLOBAL ASSEMBLY CACHE?

The Global Assembly Cache (or GAC) can be described as a repository for information

and locations on installed assemblies. The .NET Framework knows where assemblies
can be found by browsing the GAC, which also can distinguish between different ver-

sions of an assembly. The GAC is discussed in detail in Chapter 53, “Understanding

the Global Assembly Cache.”

The Add Reference dialog shows the version number of assemblies; this is useful because
you can have different versions of an assembly with the same name. It also shows the full
path for the assembly. When you add a reference to an assembly, Solution Explorer
updates the References node. For example, if you want to add security features to your
applications, you need to add a reference to the System.Security.dll assembly (refer to
Figure 3.3), which is part of the Base Class Library. When added, Solution Explorer looks
like Figure 3.4.

FIGURE 3.4 Solution Explorer is updated with the new reference.

You can use in your code types exposed by the specified assemblies that have public visibil-
ity. The Add Reference dialog provides other tabs. The Recent tab shows a list of all the
most recently used assemblies for faster reuse. The Browse tab enables searching for assem-
blies that are not registered into the GAC. The Projects tab enables adding references to
other projects in the solution. This is typically the case when you have a class library that
exposes types that you want to use inside a client application. There is also another tab,
named COM, which enables adding references to COM type libraries as we discuss next.
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Adding References to COM Libraries

There could be situations in which you might be required to use COM type libraries in
your .NET applications, scenario known also as COM Interop. This should be a spare
scenario, because .NET and COM are such different architectures, and the second one was
not born for working within the first one. Visual Studio 2010 enables you to add refer-
ences to old type libraries. To accomplish this, you need to select the COM tab in the Add
Reference dialog. All the registered COM type libraries will be shown within the dialog,
and you can select needed components (see Figure 3.5).

FIGURE 3.5 Adding a reference to a COM component.

For example, you might want to include the Windows Media Player functionalities in your
application; for this purpose you can select the Windows Media Player component and
then click OK (see Figure 3.5). Visual Studio will show a reference named WMPLib.dll in
Solution Explorer and generate an assembly named Interop. WMPLib.dll. This assembly is
a managed wrapper for the Windows Media Player component and will provide managed
access to types exposed by the type library. More generally, Visual Studio generates an
Interop.AssemblyName.dll assembly (where AssemblyName is the original name of the
assembly) for each referenced type library, which is known as Primary Interoperability
Assembly (also known as PIAs) and that allows interoperation between .NET and COM
architectures. Different from previous versions of .NET Framework and Visual Studio, by



Understanding References 83

default you no longer see the wrapper assemblies included in your build output because of
a new feature called Deploy Without Primary Interoperability Assemblies.

Deploy Without PlAs

When deploying applications that reference a COM library, you also must include in your
distribution the primary interoperability assemblies. In our example, the PIA is

Interop. WMPLib.dIl. In Visual Studio 2010 you can avoid including primary interoperabil-
ity assemblies in your distributions, although you reference those assemblies. This is possi-
ble because Visual Studio can embed in your executable only the types that you effectively
use from the referenced assembly. This avoids the need of including the assembly itself in
the build output and, consequently, in the deployment process. For our sample scenario
about including the Windows Media Player component, we could write a small applica-
tion that has the name of a media file provided by the user and then launches WMP.
Listing 3.8 accomplishes this.

LISTING 3.8 Using a COM Component in Code

Module Modulet
Sub Main()

Console.WriteLine("Type the name of a media file:")
Dim fileName As String = Console.ReadlLine

Dim wmp As New WMPLib.WindowsMediaPlayer
wmp.openPlayer(fileName)
End Sub
End Module

In the preceding code, you need to take a look at this simple line:

Dim wmp As New WMPLib.WindowsMediaPlayer

Declaring an instance of the WMPLib.WindowsMediaPlayer class is sufficient for Visual
Studio to embed the definition of the WindowsMediaPlayer object inside our executable so
that it will not need to include the entire Interop. WMPLib.dll assembly in the build
output. As you may imagine, this is a great feature because if you have a large type library
and you need to use only a few types, you can save space and preserve performances. The
Deploy Without PIAs feature is enabled by default. If you instead prefer to avoid embed-
ding types within your executable and including the primary interoperability assemblies
in your build output, you simply need to right-click the referenced assembly in Solution
Explorer and then click Properties. Continuing our example, we would need to select
WMPLib.dll in Solution Explorer. The Properties window will show a property called
Embed Interop Types that is set to True by default (see Figure 3.6).
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FIGURE 3.6 Enabling the Deploy Without PIAs feature setting
the Embed Interop Types property.

If you change the value to False, types will no longer be embedded in your executable,
and the primary interoperability assemblies will be included in the build output.

VERIFYING TYPES EMBEDDING

If you are an experienced developer, you can easily verify if types have been embedded
in your executable via the Deploy without PIAs feature by opening executables with
tools such as Reflector or IL Disassembler.

Final Considerations

The first three chapters of this book provide a necessary overview of tools and features
that you must understand before moving on. Now that you have completed the introduc-
tory steps, you are ready to get your hands dirty on the core of the Visual Basic 2010
programming language.

Summary

In this chapter you got an overview of some important language features. An overview
was necessary because, before discussing a particular feature further, you need to know
what that feature represents. You also got a complete list of the Visual Basic 2010 reserved
words that you cannot use as identifiers for your variables. Another important topic we
discussed is how a Visual Basic project is structured and what files compose a Visual Basic
project. Finally, you got an overview of references and why they are important in develop-
ing applications. In this discussion you learned about a new feature of Visual Studio 2010
and .NET Framework 4.0: the deployment without the primary interoperability assemblies.



CHAPTER 4

Data Types and
Expressions

Every programming task manipulates data. Data can be of
different kinds; you will often work with strings, dates and
time, numbers, files, and custom data. Each of them is
represented by a data type. The .NET Framework 4.0
provides tons of built-in data types and enables developers
to easily create their own custom data types. In this chapter
you learn how the .NET Framework handles data types and
how you can work with value types and reference types. When
you gain knowledge of data types, you can learn how to use
them with special Visual Basic language constraints such as
loops, iterations, and special statements. This is a funda-
mental chapter, so you should pay particular attention to
concepts that you need to understand before we discuss the
object-oriented programming with Visual Basic 2010.

Common Type System

The .NET Framework provides a special way for manipulat-
ing data types, which is named Common Type System. The
Common Type System is important, so you need to know
something about it before reading discussions on data
types. In its name, the word Common has two particular
meanings. First, the Common Type System provides a
unified model for exposing data types so that all the .NET
languages, such as Visual Basic, Visual C#, and Visual F#,
can consume the same data types. For example, a 32-bit
integer is represented by the System.Int32 data type, and
all the .NET languages can invoke the System.Int32 object
for declaring integers because this type is provided by the
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Differences Between Value
Types and Reference Types

Converting Between Value
Types and Reference Types
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Types
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.NET Framework and is language-independent. Second, each data type is an object that
inherits from the System.Object class as we discuss next.

Everything Is an Object

In the .NET development you may hear that everything is an object. This is because all
the types in the .NET Framework, including built-in and custom types, inherit from the
System.Object class. Inheritance is a concept that is part of the object-oriented program-
ming topic and that will be discussed later in the book. We can define it as a way for
reusing and extending data types so that developers can create their hierarchy of types.
System.Object provides the primary infrastructure that all .NET types must have. The
.NET Framework ships with thousands of built-in data types that all derive from
System.Object. But why is this class so important in the Common Type System? The
answer is simple: the Common Type System ensures that all .NET types inherit from
System.Object; particularly both value types and reference types inherit from
System.Object. At this point an overview of value types and reference types is required,
before delving into both categories.

Introducing Value Types and Reference Types

Basically value types are those data types that store their data directly. Examples of value
types are integers (System.Int32), Boolean (System.Boolean), and bytes (System.Byte).
Value types are stored in a memory area called Stack. They are represented by (and defined
via) structures that are enclosed in Structure..End Structure code blocks. The following
is an example of a value type containing a value:

Dim anInteger As System.Int32 =5

Reference types are instead data types that, as their name implies, are just a reference to
the actual data. In other words, reference types store the address of their data in the Stack
whereas the actual data is stored in the managed Heap. Reference types are represented by
classes. The following is an example of reference type:

Class Person
Property FirstName As String
Property LastName As String
End Class

DON’T BE AFRAID OF MEMORY LOCATIONS

This paragraph is just an overview of value types and reference types. If you never
heard about the Stack and the Managed Heap, don’t worry. Details will be provided
later in this chapter, when discussing value and reference types.

Reference types inherit directly from System.Object or from other classes that derive from
Object. This is because System.Object is a reference type. So the question that you will
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probably ask now is, “If both value types and reference types have to inherit from
System.Object, how can value types inherit from System.Object if it is a reference type?”
The answer is that in the case of value types there is an intermediate type that is named
System.ValueType that inherits from System.Object and ensures that all deriving objects
are treated as value types. This is possible because the Common Language Runtime can
distinguish how types are defined and consequently can distinguish between value types
and reference types.

NAMING SYSTEM.OBJECT

Object is also a reserved word of the Visual Basic programming language and is the
representation of System.0Object. Because of this, we refer indistinctly to Object as
System.Object.

System.Object and System.ValueType

At this point it is necessary to provide an overview of both System.0Object and
System.ValueType. Instead of showing a diagram of inheritance, it is a good idea to offer a
Visual Studio-oriented view so that you can better understand what happens within the
development environment. This can be accomplished via the Object Browser tool window
that we introduced in Chapter 2, “Getting Started with the Visual Studio 2010 IDE.” You
can browse for both classes by just writing their name in the search box. Figure 4.1 shows
how System.Object is defined, what members it exposes, and a full description.

FIGURE 4.1 System.Object shown in detail in the Object Browser tool window.
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Several things are worth mentioning. First, consider the class description. As you can see,
System.Object is defined as the root of the type hierarchy, and all other classes within the
.NET Framework derive from System.Object. This means that custom classes automati-
cally inherit from Object. This class provides the infrastructure for all derived classes and
exposes some methods. Because System.Object is important and because you will often
invoke methods inherited from Object, it’s convenient to get a simple reference for each
method. Table 4.1 describes methods exposed by System.Object.

TABLE 4.1 Methods Exposed by System.Object

Method Description

Equals Compares two objects for equality

Finalize Attempts to free up some resources during the object lifetime

New Creates a new instance of the Object class

GetHashCode Returns a hash code for the given object

GetType Retrieves the qualified data type for the specified object

MemberwiseClone Creates a shallow copy of the current Object instance

ReferenceEquals Returns true if both the specified Object instances refer to the same
instance

ToString Provides a string representation of the Object

Methods listed in Table 4.1 are covered several times during the rest of the book, so don't
be afraid if something is not clear at the moment. If you now refer back to Figure 4.1, you
can see how the Object class has no base types. This is because, as we said before, Object
is the root in the type hierarchy. Considering this last sentence, if you instead try to
expand the Derived types node, you see a list of hundreds of .NET Framework built-in
classes that derive from Object. One of these classes is System.ValueType. Figure 4.2
shows how this class is represented in the Object Browser.

You should focus on the description first. As you can see, System.ValueType is the base
class for all value types. It is declared as MustInherit (a clause discussed in detail in
Chapter 12, “Inheritance”) that means it must necessarily be inherited and that it can’t
work as a standalone object, providing the base infrastructure for derived value types. If
you expand the Base types node, you see that ValueType is a derived class from Object. If
you then try to expand the Derived types node, you get a large list of types that inherit
from ValueType, such as Boolean, Byte, and other primitive data types. As we mentioned
before, the CLR can determine that a type deriving from System.ValueType must be
treated as a value type and not as a reference type.
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FIGURE 4.2 System.ValueType shown in detail in the Object Browser.

Understanding Value Types

Value types are data types that directly store data that they define. For example, a
System.Int32 object represents a value type that can store an integer number as in the
following line of code:

Dim anInteger As System.Int32 = 5

Among value types, the most common are numeric types that enable, for example, perform-
ing math operations or implementing counters or just storing a numeric value. Value types
enable developers to choose the best data type according to the particular scenario. As we
mentioned at the beginning of this chapter, value types are basically Structure objects. The
.NET Framework provides several built-in value types that cover most needs in your devel-
opment process, although you can create custom data types. In this section you learn about
most common built-in value types and about building your own structures, including how
value types are declared and used and how they are stored in memory.
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.NET Framework Primitive Value Types

The .NET Framework Base Class Library provides lots of built-in value types that you can use
according to your needs. Fach value type is a structure exposed by the Base Class Library.

Visual Basic 2010 provides reserved words that are counterparts of the most common
value type names. For example, the System.Int32 value type has an alias in the Integer
reserved word. The following two lines of code are perfectly equivalent:

Dim anInteger As System.Int32 = 0
Dim anInteger As Integer = 0

You may use indistinctly both .NET names and the Visual Basic reserved words when refer-
ring to built-in value types.

NAMING CONVENTIONS

Although you are allowed to invoke value types with both .NET names and the Visual
Basic counterparts’ keywords, it's a best practice to choose the .NET names when
developing reusable class libraries according to the Microsoft Common Language
Specification. We discuss this topic later in this chapter. In such scenario it is a good
practice because you should avoid language-dependent features and practices when
developing assemblies bound to also work with other .NET languages. Basically this
will not change the results, but your code will be cleaner, and you will use a .NET-orient-
ed approach instead of a language-oriented one.

Table 4.2 lists the most common value types in the .NET Framework, showing a descrip-
tion and the Visual Basic-related keywords.

TABLE 4.2 Most Common Value Types in the .NET Framework 4.0

Value Type Description Visual Basic
Reserved Keyword

System.Int16 Represents a numeric value with a range Short
between -32768 and 32767.

System.Int32 Represents a numeric value with a range Integer
between —2147483648 and 2147483647.

System.Int64 Represents a numeric value with a range Long
between —-9223372036854775808 and
9223372036854775807.

System.Single Represents a floating point number with a Single

range from —3.4028235E+38 to
3.4028235E+38.
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System.Double

System.Boolean
System.Char

System.IntPtr

System.DateTime

System.Numerics.
BigInteger

System.Byte

System.SByte

System.UInt16

System.UInt32

System.UInt64

System.Decimal

Represents a large floating number (double
precision) with a range from
-1.79769313486232e308 to
1.79769313486232e308.

Accepts True or False values.
Represents a single Unicode character.

Represents a pointer to an address in
memory.

Represents dates, times, or both in different
supported formats (see following para-
graphs).

Represents an arbitrarily large integer with no
maximum and minimum value.

Represents an unsigned byte, with a range
from O to 255.

Represents a signed byte, with a range from
-128 to 127.

Represents a numeric positive value with
range between 0 and 65535.

Represents a numeric positive value with a
range between O and 4294967295.

Represents a numeric positive value with a
range between O and
18446744073709551615.

Represents a decimal number in financial
and scientific calculations with large
numbers. A range between
—79228162514264337593543950335 and
79228162514264337593543950335.

Double

Boolean

Char

Date

Byte

SByte

UShort

UInteger

ULong

Decimal
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TABLE 4.2 Continued

Value Type Description Visual Basic
Reserved Keyword

System.TimeSpan Represents an interval of time. The range is
between -10675199.02:48:05.4775808 and
10675199.02:48:05.4775807 ticks.

System.TimeZone Represents time information according to the
specific world’s time zone.

System.Guid Allows generating Globally Unique Identifiers.

UPGRADING FROM VISUAL BASIC 6

If you are upgrading from Visual Basic 6, you have to keep in mind that VB 6’s Long is
an Integer in .NET and that VB 6’s Integer is now Short in .NET.

As you may notice in Table 4.2, most built-in value types are exposed by the System
namespace except for the BigInteger type that is instead exposed by the
System.Numerics namespace. BigInteger is a new type in the .NET Framework 4.0 and
will be discussed later.

MEMORY REQUIREMENTS

You might wonder what should influence your choice when working with value types.
The answer is that it depends. Of course you should take care of memory allocation. If
you know that you need to work with a small number, you will probably do best if choos-
ing a Byte instead of a Short. Regarding this, consider that Byte requires 8 bits,
Short requires 16 bits, Integer and Single require 32 bits, Long and Double require
64 bits, and Decimal requires 128 bits. The Visual Basic compiler is optimized for 32-
bit integers, so choosing Integer is of course a better choice than Short, but, in the
case of very small numbers, choose Byte (1 byte) instead of Integer (4 bytes).

Using Value Types

In this paragraph you learn to use value types. The following demonstration assumes you
have created a new Visual Basic project for the Console (see Chapter 2 for details). Listing
4.1 shows how you can declare variables storing value types. You can write the code inside
the Main method for learning purposes.
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LISTING 4.1 Using Value Types

Sub Main()
'Declares an Integer
Dim anInteger As Integer = 2

'Declares a double and stores the result of a calculation
Dim calculation As Double = 74.6 * 834.1

'‘Declares one byte storing an hexadecimal value
Dim oneByte As Byte = &HO

'‘Declares a single character
Dim oneCharacter As Char = "a

C

'‘Declares a decimal number
Dim sampleDecimal As Decimal = 8743341.353531135D

'Declares a Boolean variable
Dim isTrueOrFalse As Boolean = True

'‘Declares a BigInteger
Dim arbitraryInteger As New System.Numerics.BigInteger(800000)

Console.WriteLine(anInteger)
Console.WriteLine(calculation)
Console.WriteLine(oneByte)
Console.WriteLine(oneCharacter)
Console.WritelLine(isTrueOrFalse)
Console.WriteLine(arbitraryInteger)

Console.ReadLine()
End Sub
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You can declare variables of the desired value types using the Dim keyword followed by the
identifier of the variable and by the As clause that then requires the type specification.

NOTES ABOUT DIM AND AS

Dim is the most important keyword for declaring variables and is commonly used in
local code blocks. It is also worth mentioning that in .NET Framework you can declare
different kinds of objects both with Dim and with other keywords according to the
scope of the objects (such as fields, properties, classes). This is discussed in Chapter
7, “Class Fundamentals.” Then in Chapter 21, “Advanced Language Features,” you
learn about another important feature in .NET Framework known as the Local Type
Inference that avoids the need to add the As clause in particular scenarios such as
data access with LINQ.

You can also declare more than one variable within the same Dim statement. You can write
something like this:

Dim anInteger As Integer = 2, calculation As Double = 3.14,
TrueOrFalse As Boolean = True

You can also declare more than one variable of the same type just by specifying such a
type once, as in the following line of code:

'Three integers
Dim anInteger, secondInteger, thirdInteger As Integer

If you upgrade from Visual Basic 6, this is a great change because in a declaration like the
preceding one VB 6 automatically assigns Variant instead of the appropriate data type.
Generally you do not need to specify the constructor (the New keyword) when declaring
value types. This is because in such situations the constructor addition is implicit and
provided by the compiler behind the scenes. An exception to this general rule is the
BigInteger type that instead allows the constructor to be explicit but it also allows in-line
initialization. Listing 4.1 also shows how you can get the value stored in value types. In
our example values are written to the Console window, but you can use values the most
appropriate way for you. Figure 4.3 shows the result of the code in Listing 4.1.
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FIGURE 4.3 Using value types in our sample code produced this result.

Pay attention about using Char data types. Char represents a single character and differs
from String because the latter one represents a set of characters. Because both types
require their content to be enclosed within quotes, the value of a Char must be followed
by the C letter that tells the compiler to treat that value as a single character. The Decimal
data type also has a similar behavior. When you declare a decimal value (see Listing 4.1)
you must ensure that the value is followed by the upper D character; otherwise the
compiler treats the number as a Double raising an error. Identifiers like C and D are also
known as literal type characters and are available for a number of primitive types, as
summarized in Table 4.3.

TABLE 4.3 Literal type characters

Character Type Sample

C Char oneChar = “s”C

D Decimal oneDec = 87.2D

F Single oneSingle = 87.2F

| Integer anint = 18l

L Long onelLong = 1324L

R Double oneDouble = 1234R
S Short oneShort = 18S

Ul UInteger anint = 18Ul

UL ULong onelong = 1324UL

us UShort oneShort = 18US
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Literal type characters are not available for the following types:
» Boolean
> Byte
» Date
» Object
» SByte

» String

Assigning Value Types
At the beginning of the section we mentioned that value types directly store the data they
refer to. This can be easily verified with assignments. Consider the following code:

Sub DoAssignments()

Dim anInteger As Integer = 10
Dim anotherInteger As Integer = anlInteger

Console.WritelLine(anInteger)
Console.WriteLine(anotherInteger)

Console.ReadLine()

End Sub

This code produces the following output:
10

10

This is because the value of anInteger has been assigned to another variable of type
Integer, named anotherInteger. anotherInteger is basically a copy of the first variable
and lives its own life, independent from anInteger. If you now write the following line of
code after anotherInteger assignment

anotherInteger = 5
the code produces the following output:

10
5
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So you have changed the value of anotherInteger while you left unchanged the value of
anInteger, because they are two different objects with separate lives. Although this can
appear obvious, it is important because it is the base for understanding later the different
behavior in reference types. You may also use assignments in situations in which you need
to get a result without knowing values that produce the result itself, such as in calcula-
tions that require an input from the user. With regard to this, consider the following code:

Dim firstNumber As Double = 567.43
Dim secondNumber As Double = 321.52

Dim result As Double = firstNumber * secondNumber

Console.WritelLine(result)
Console.ReadlLine()

In the preceding code you get the result of a multiplication given two numbers. In real
scenarios, the two numbers would be provided by the user and the result variable would
store the result of the calculation. Such calculations are performed not on numbers but on
the value of variables that store numbers. This means that you do not need to know in
advance the numbers; you just work on variables and assignments.

NOTE

| could of course show a code example in which the input should be provided by the
user. | have not yet discussed reference types, conversion operators, and parsing meth-
ods that will be discussed later, so my intent was to avoid confusion because user
input is provided as String objects. There will be appropriate code examples when
needed, as in the next paragraph.

Analyzing the Content of Value Types

In most cases you will require users to enter an input that you will then need to elaborate,
or you could simply read the content of a text file and then convert such content into the
appropriate .NET value type. Typically user input is provided as strings, and you will also
get strings when reading text files. Although in business applications you need to imple-
ment validation rules on the user input, it is worth mentioning that value types offer
common methods for analyzing the contents of a string and check if such content
matches a particular value type. Even if we have not discussed yet the String object
(which is a reference type), the following code samples are easy to understand. For
example, consider the following code that declares some strings:

Dim firstValue As String = "1000"
Dim secondValue As String = "True"
Dim thirdValue As String = "123.456"
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The content of each string is a representation of a particular value type: firstValue
content represents an Integer, secondValue represents a Boolean, and thirdvalue repre-
sents a Double. We could parse the content of each string and transform it into the appro-
priate value type as follows:

Dim anInteger As Integer = Integer.Parse(firstValue)
Dim aBoolean As Boolean = Boolean.Parse(secondValue)
Dim aDouble As Double = Double.Parse(thirdValue)

As you can see, value types expose a method called Parse that converts the string repre-
sentation of a numeric or logical value into the correspondent value type. Integer.Parse
converts the "1000" string into a 1000 integer and so on. If the compiler cannot perform
the conversion, a FormatException error will be thrown, and the application execution
will be broken. To avoid possible errors, you could use another method called TryParse
that returns True if the conversion succeeds or False if it fails. For example, consider the
following code:

Dim testInteger As Integer
Dim result = Integer.TryParse(secondValue, testInteger)

The code attempts to convert a string that contains the representation of a Boolean value
into an Integer. Because this is not possible, TryParse returns False. Notice that in this
particular case you don’t perform an assignment to another variable (such as in the case of
Parse) because TryParse requires the variable that will store the value as the second argu-
ment, passed by reference (a more detailed explanation on passing arguments by reference
will be provided in Chapter 7).

VALUE TYPES METHODS

Because the purpose of this book is to examine the Visual Basic 2010 language fea-
tures, whereas it cannot be possible to examine all the .NET Framework available
types and members, only methods common to all value types are described. Methods
and members specific to some value types are left to you for future studies. Always
remember that when you do not know an object member, IntelliSense and the Object
Browser together with the MSDN documentation can be your best friends, providing
useful information.

Value types (including System.Char and System.DateTime) also expose two properties
named MinvValue and MaxValue that respectively contain the minimum accepted value and
the maximum accepted value for each type. For example, the following line of code

Console.WriteLine(Integer.MinValue)
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produces -2147483648 as the result. The following line of code

Console.WritelLine(Char.MaxValue)

produces the ? character as the result. Finally, the following line of code

Console.WriteLine(Date.MaxValue)

produces 31/12/9999 23:59:59 as the result.

Minvalue and MaxValue can be useful for two purposes: The first purpose is for times you
don’t remember the minimum and maximum values accepted by a particular value type,
whereas the second purppose is about comparisons; you might need to check if a value or
a number is in the range of accepted values by a particular data type. Now we have
completed a general overview of value types. Next studies focus on optimizations and on
using special value types such as System.DateTime.

Optimization Considerations

When working with value types, you should always choose the best type fitting your
needs. For example, if you need to work with a number that is composed in the Integer
range, it would not be a good idea to use a Long type. Moreover, the Visual Basic compiler
(and, behind the scenes, the CLR) provides optimizations for the System.Int32 and
System.Double types, so you should always use these types when possible. For example,
use an Int32 instead of an Int16 although the number you work with is composed in the
range of the Int16. Other considerations about unsigned value types are related to
compliance with Microsoft Common Language Specification, which is a topic discussed later
in this chapter.

VALUE TYPES MEMORY ALLOCATION

You may wonder where value types are allocated in memory. The answer is that they
are allocated in the area of memory called Stack. A full description will be provided
after discussing reference types so that you can get a complete comparison.

NULLABLE TYPES

There are situations in which you need to assign null values to value types, for example
when mapping SQL Server data types to .NET data types for fetching data. To accom-
plish this, the .NET Framework provides support for the Nullable types. Because nullable
types have the syntax of Generics objects, and therefore you first need to know how
Generics work, they will be discussed in Chapter 14, “Generics and Nullable Types.”
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Working with BigInteger

Because the System.Numerics.BigInteger is a new type in .NET 4.0, we spend a little time
on it. BigInteger is a value type exposed by the System.Numerics namespace and requires
a reference to the System.Numerics.dll assembly. Basically it represents a signed, arbitrarily
large integer number. This means that it doesn’t have minimum and maximum values,
opposite of other value types such as Integer and Long. Instantiating a BigInteger is easy,
as you can see from the following line of code:

Dim sampleBigInteger As New System.Numerics.BigInteger

You can assign any signed number to a BigInteger, because it has no minimum and
maximum values, as demonstrated by the following code snippet:

'‘Neither minimum nor maximum values
sampleBigInteger = Byte.MinValue
sampleBigInteger = Long.MaxValue

Byte and Long are the smallest and the biggest acceptable signed integers. This special type
directly supports integer types such as SByte, Byte, UInteger, Integer, UShort, Short,
ULong, and Long. You can also assign to a BigInteger values of type Double, Single, and
Decimal, but you do need to accomplish this passing the value as an argument to the
constructor or performing an explicit conversion using CType (assuming that Option
Strict is On). The following code demonstrates both situations:

'The constructor can receive arguments, Double is accepted
Dim sampleBigInteger2 As New _
System.Numerics.BigInteger(123456.789)

'Single is accepted but with explicit conversion

Dim singleValue As Single = CSng(1234.56)

Dim sampleBigInteger3 As New System.Numerics.BigInteger

sampleBigInteger3 = CType(singleValue,
Numerics.BigInteger)

Notice that rounding will occur when converting floating types to BigInteger. Such struc-
ture also offers shared methods for performing arithmetic operations. You can add,
subtract, divide, and multiply BigIntegers as in the following code:

'Assumes an Imports System.Numerics directive

'Sum

Dim sum As BigInteger =
BigInteger.Add(sampleBigInteger, sampleBigInteger2)

'Subtract
Dim subtraction As BigInteger =
BigInteger.Subtract(sampleBigInteger, sampleBigInteger2)
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‘Division
Dim division As BigInteger =
BigInteger.Divide (sampleBigInteger, sampleBigInteger3)

'Multiplication
Dim multiplication As BigInteger =
BigInteger.Multiply(sampleBigInteger2, sampleBigInteger3)

You can also perform complex operations, such as exponentiation and logarithm calcula-
tions as demonstrated here:

'Power
Dim powerBI As BigInteger = BigInteger.Pow(sampleBigInteger2, 2)

'10 base logarithm
Dim log10 As Double = BigInteger.Log10(sampleBigInteger3)

'natural base logarithm
Dim natLog As Double = BigInteger.Log(sampleBigInteger, 2)

As usual, IntelliSense can be your best friend when exploring methods from BigInteger
and can help you understand what other math calculations you can perform.

Building Custom Value Types

Building custom value types is accomplished by creating structures. Because creating struc-
tures can also be a complex task and is part of the object-oriented programming topic, it is
thoroughly discussed in Chapter 11, “Structures and Enumerations.”

Understanding Reference Types

Reference types are represented by classes. Classes are probably the most important items
in modern programming languages and are the basis of the object-oriented programming
as we see later in the book. Reference types have one big difference versus value types:
Variables that declare a reference type do not store the data of the type itself, whereas they
just store an address to the data. In other words, they are just pointers to the data. To
better explain (and understand) this fundamental concept, an example is necessary.
Consider the following class Person, which exposes two simple properties:

Class Person

Property FirstName As String
Property LastName As String

End Class
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You need to instantiate (that is, create an instance of) such a class so that you can then
store data (in this case, setting properties) and then manipulate the same data. This can be
accomplished by the following line of codes:

Dim onePerson As New Person
onePerson.FirstName = "Alessandro"
onePerson.LastName = "Del Sole"

STRONGLY TYPED OBJECTS

In .NET development, you often encounter the words strongly typed. This definition can
be explained with an example. The onePerson object in the preceding code is strongly
typed because it is of a certain type, Person. This means that onePerson can accept
an assignment only from compliant objects, such as other Person objects. Such
restriction is important because it avoids errors and problems. Moreover, the compiler
knows how to treat such a specialized object. A variable of type Object is instead not
strongly typed because it is just of the root type but is not specialized. Object can
accept anything, but without restrictions the usage of nonstrongly typed objects could
lead to significant problems. In Chapter 14 we discuss Generics; there you get a more
thorough idea of strongly typed objects.

Now you have an instance of the Person class, named onePerson. Now consider the follow-
ing line of code:

Dim secondPerson As Person = onePerson

A new object of type Person (secondPerson) is declared and is assigned with the
onePerson object. Because of the equality operator, you would probably expect
secondPerson to now be an exact copy of onePerson. We could consider at this point
some edits to the secondPerson object, for example we could modify the first name:

secondPerson.FirstName = "Alex"

We can now try to check the result of the previous operations by simply writing the
output to the Console window. Let’s begin by writing the result of secondPerson:

Console.WriteLine(secondPerson.FirstName)
Console.WritelLine(secondPerson.LastName)
Console.ReadLine()
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As you may correctly expect, the preceding code produces the following result:

Alex
Del Sole

Now let’s simply write the result for onePerson to the Console window:

Console.WritelLine(onePerson.FirstName)
Console.WritelLine(onePerson.LastName)
Console.ReadlLine()

This code produces the following result:

Alex
Del Sole

As you can see, editing the first name in secondPerson also affected onePerson. This
means that secondPerson is not a copy of onePerson. It is instead a copy of the reference to
the actual data. Now you should have a better understanding of reference types. We can
say that, as their name implies, reference types have an address in memory where data is
stored and variables declaring and instantiating reference types just hold a reference to
that data. To get a real copy of data, you should write something like this:

Dim secondPerson As New Person
secondPerson.FirstName = onePerson.FirstName
secondPerson.LastName = onePerson.LastName

Then you could edit secondPerson’s properties ensuring that this will not affect the
onePerson object. As a clarification, notice that, in the .NET Framework, String is a refer-
ence type but it’s actually treated as a value type as I will explain in a few paragraphs.

CLONING REFERENCE TYPES

Creating a clone for a reference type in the preceding way can be good with objects
exposing only a few properties, so you might wonder how you can clone more complex
reference types. There are more interesting techniques that are discussed in the “Deep
Copy and Shallow Copy” section.

.NET Framework Primitive Reference Types

The .NET Framework 4.0 ships with tons of reference types exposed by the Base Class
Library and that cover most needs. However, there is a bunch of reference types you will
often use in the development process that lots of other reference types derive from. Table
4.4 shows a list of the most common reference types.
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TABLE 4.4 Most Common Built-In Reference Types in .NET Framework

Type Description

System.Object The root class in the object hierarchy
System.String Represents a string

System.Array Represents an array of objects

System.Exception Represents an error occurring during the application execution

System.I0.Stream The base class for accessing other resources such as files or in-memory
data.

Of course there are a lot of other reference types that you can use when developing real-
life applications, and most of them are discussed in subsequent chapters of the book;
however, the ones listed in Table 4.3 provide the basis for working with reference types.
Most of them are the base infrastructure for other important derived classes. We previ-
ously discussed System.Object, so we will not do it again. It is instead worth mentioning
how System.String is a reference type, although it seems natural to think about it as a
value type. Basically System.String, or simply String, is used as a value type, so it will
not be difficult to build strings. By the way, strings are immutable (that means “read-
only”), so each time you edit a string, the runtime creates a new instance of the String
class passing in the edited string. Because of this, editing strings using System.String can
cause unnecessary usage of memory. In order to solve this problem, the .NET Framework
provides more efficient ways, as you will see in the section “Working with Strings, Dates
and Arrays.”

Differences Between Value Types and Reference Types

Value types and reference types differ in several ways. In the previous sections we first saw
how they differ in assignment and how a value type can directly store data, whereas a
reference type stores only the address to the actual data. We now explain such implemen-
tation and we also provide information on the other differences between value and refer-
ence types.

Memory Allocation

Value types and reference types are differently allocated in memory. Value types are allo-
cated in the Stack. The Stack is a memory area where methods are executed according to
the last-in, first-out manner. The first method pushed to the Stack is the application entry
point; that is, the Main method. When Main invokes other methods, the CLR creates a sort
of restore point and pushes those methods to the Stack. When the method needs to be
executed, data required by that method is also pushed to the Stack. When a method
completes, the CLR removes (popping) it from the Stack together with its data, restoring
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the previous state. Because of this ordered behavior, the Stack is efficient, and the
Common Language Runtime can easily handle it. Consider the following line of code,
declaring a variable of type Integer, therefore a value type:

Dim anInteger As Integer =5

Figure 4.4 shows how the anInteger variable is allocated in the Stack.

FIGURE 4.4 Value types are allocated in the Stack.

On the contrary, reference types are allocated in a memory area named Managed Heap.
Different from the Stack, in the Managed Heap objects are allocated and deallocated
randomly. This provides fast allocation but requires more work for the CLR. To keep
things ordered, the CLR needs two instruments: Garbage Collector and Memory Manager. We
provide details about this architecture in Chapter 8, “Managing an Object’s Lifetime.” At
the moment we need to understand how reference types and their data are allocated.
Consider the following lines of code, declaring a new version of the Person class and an
instance of this class:

Class Person

Property Name As String

Property Age As Integer
End Class
Dim onePerson As New Person
onePerson.Name = "Alessandro Del Sole"
onePerson.Age = 32
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As you can see, there is now a property in this class (Age) that is a value type. The instance
of the class will be allocated in the Heap, whereas its reference (onePerson) will be allo-
cated in the Stack. Figure 4.5 provides a visual representation of this scenario.

Because the Person class handles a value type in one of its properties, such value types
stay in the Stack. Figure 4.6 completes this overview. In the second part of this book, we
will have different opportunities to explore reference types and memory management
when discussing the object’s lifetime.

FIGURE 4.5 Reference types are allocated in the Heap, whereas their address resides in the
Stack.

FIGURE 4.6 Complete overview of memory allocation for value and reference types.
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Object-Oriented Differences

There are a couple of differences with regard to principles related to the object-oriented
programming. Although these principles are discussed in detail in Part 2, “Object-Oriented
Programming with Visual Basic 2010,” it’s convenient to have a small reference.

Inheritance

The first one is about inheritance, which is covered in Chapter 12. Classes (that is, refer-
ence types) support inheritance, whereas structures (value types) do not. Consider the
following code:

Class Person

Property FirstName As String
Property LastName As String

End Class

Class Developer
Inherits Person

Property UsedProgrammingLanguage As String

Public Overrides Function ToString() As String
Return Me.LastName
End Function
End Class

In this example, the Person class is the base class and provides the basic properties for
representing a hypothetical person. The Developer class inherits from Person (see the
Inherits keyword), and this means that the Developer class will expose both the
FirstName and LastName properties plus the new one named UsedProgramminglLanguage. It
also redefines the behavior of the default ToString method so that it can return a more
significant name for the object. In Visual Basic 2010 you can inherit only from one object
at a time. This means that Developer can inherit only from Person but not also from
another object. If you need multiple-level inheritance, you should architect your objects
framework so that a second class can inherit from the first one, the third one from the
second one, and so on. Structures do not support inheritance at all, except for the fact
that they inherit by nature from System.ValueType.

Interfaces Implementation
Both classes and structures provide support for interfaces implementation. For example,
you could implement the IComparable interface in both cases:

Class Person
Implements IComparable
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Property FirstName As String
Property LastName As String

Public Function CompareTo(ByVal obj As Object) As Integer Implements
System.IComparable.CompareTo
'"Write your code here
End Function
End Class

Structure Dimension
Implements IComparable

Public Function CompareTo(ByVal obj As Object) As Integer Implements
System.IComparable.CompareTo
'"Write your code here
End Function

Property X As Integer

Property Y As Integer

Property Z As Integer
End Structure

Inheritance and interfaces are discussed in Part 2, so don’t worry if something does not
appear clear.

Constructors

When you declare a reference type, you need an instance before you can use it (with the
exception of shared classes that are discussed in Chapter 7). Creating an instance is
accomplished by invoking the constructor via the New keyword. When you instead declare a
value type, the new variable is automatically initialized to a default value that is usually
zero for numbers (or False for Boolean). Because of this, value types do not require invok-
ing a default constructor. The Visual Basic compiler still accepts declaring a value type
invoking the constructor, which will also initialize the type with the default value, but in
this case you cannot initialize the value. The following code snippet demonstrates this:

‘Declares an Integer and sets the value to zero
Dim anInt As New Integer

'Initialization not allowed with New

Dim anotherInt As New Integer = 1

'Allowed

Dim aThirdInt As Integer = 1
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Finalizers

Finalizers are a topic related to the object’s lifetime that we discuss in detail in Chapter 8.
As for constructors, it’s convenient having a small reference. We previously said that when
methods using value types complete their execution, they are automatically removed from
the Stack together with the data. This is managed by the CLR, and because of this ordered
behavior, value types do not need to be finalized. On the contrary, reference types are
allocated on the heap and have a different behavior. Deallocation from memory is
handled by the Garbage Collector that needs instead finalizers on the reference types side
to complete its work.

Performance Differences

We said a lot of times that value types store data directly whereas reference ones store
only the address of the data. Although you can create and consume types according to
your needs, there are some concerns with performances, particularly regarding methods.
Methods can accept parameters, also known as arguments. Arguments can be value types
or reference types. If you pass to a method a value type, you pass to that method all the
data contained in the value type, which could be time-consuming and cause performance
overhead. Passing a reference type will pass only the address to the data, so it could be
faster and more efficient. There could be situations in which you do need to pass methods
one or more value types. This depends only on your needs. Generally the performance
difference in such a scenario could not be relevant, but it would depend on the size of the
value type. If your method receives a large value type as an argument but is invoked only
once, performance should not be affected. But if your method is invoked a lot of times,
perhaps passing a reference type would be better. Just be aware of this when implementing
your methods.

What Custom Type Should | Choose?

Answering this question is not simple. It depends. If you need to implement a custom
type that will act similarly to a value type (for example, a type that works with numbers),
you should choose a Structure. If you need to implement an object for storing a large
amount of data, it could be a good idea to choose a class. Such considerations are not
mandatory, and their purpose is letting you think a little bit more about what you are
going to implement according to your needs.
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Converting Between Value Types and Reference Types

In your developer life, you often need to convert one data type into another in different
types of situations. For example, you might need to convert a value type into another one
or just convert an instance of type Object into a strongly typed object. In this section you
learn how to convert between data types and about conversion operators, beginning with
basic but important concepts, such as implicit conversions, boxing, and unboxing.

Understanding Implicit Conversions

Previously we discussed the System.Object class. As you may remember, such a class is the
root in the class hierarchy. That said, you can assign both reference types and value types
to an Object instance because they both inherit from System.Object. Consider the follow-
ing lines of code:

Dim anInt As Object = 10
Dim onePerson As Object = New Person

The first line assigns a value type (Integer) to an Object whereas the second one assigns
an instance of the Person class to an Object. Visual Basic 2010 always enables such
assignments because they are always safe. What is unsafe is trying to assign an Object to
a strongly typed instance, such as assigning Object to an instance of the Person class.
This is quite obvious, because Object can represent whatever type, and the compiler
cannot be sure if that type is a Person and this might cause errors. Consider the following
line of code:

Dim onePerson As Person = New Object

The code is trying to assign an instance of the Object class to an instance of Person. The
Visual Basic compiler enables handling such situations in two different ways, depending
on how Option Strict is set. We discussed Option Strict in Chapter 2, and now you can
see the first usage. If Option Strict is set to On, the preceding line of code causes an error.
The Visual Basic compiler does allow an implicit conversion from Object to a strongly
typed object throwing an error message that you can see in the code editor. Figure 4.7
shows this error message.
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FIGURE 4.7 With Option Strict On, the Visual Basic compiler disallows implicit
conversions.

This is useful because it prevents type conversion errors. If you want to perform an assign-
ment of this kind, you need to explicitly convert Object into the appropriate data type.
For example, this can be accomplished using the CType conversion operator, as in the
following line of code:

Dim onePerson As Person = CType(New Object, Person)

A conversion operator offers another advantage: It communicates if the conversion is
possible and, if not, you can handle the situation, particularly at runtime. By the way, the
Visual Basic compiler provides a way to allow implicit conversions avoiding error
messages. To accomplish this, you need to set Option Strict to 0ff. You can simply write
the following line of code (preceding all the other code and Imports directives):

Option Strict Off

You could also adjust Option Strict settings in the Compiler tab of the My Project
window as we saw in Chapter 2. Now assigning an Object to a Person, as we did before, is
perfectly legal. But please be careful: If you do not need to perform such assignments,
please avoid Option Strict Off and always prefer Option Strict On. This can ensure less
runtime and compile time errors and enable you to write more efficient code.

OPTION STRICT OFF: WHEN?

You should never set Option Strict to Off. There is only one situation in which you
should set Option Strict to Off, which is late binding. This topic will be discussed in
Chapter 47, “Reflection.” Outside this particular scenario, never set Option Strict to
Off so that you can be sure that you work with strongly typed objects and that the
compiler, debugger, and CLR enable you to find in a few seconds errors if occurring but
also because of performance and other situations that you learn in the chapter on
Generics. | suggest you set Option Strict to On as a default in the Visual Studio
2010 options.
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Boxing and Unboxing

The Common Type System enables implicit conversions and conversions between refer-
ence types and value types and vice versa because both inherit from System.0Object.
Regarding this, there are two other particular techniques: boxing and unboxing. You often
need to work with boxing and unboxing when you have methods that receive arguments
of type Object. See the tip at the end of this section for details.

Boxing
Boxing occurs when converting a value type to a reference type. In other words, boxing is
when you assign a value type to an Object. The following lines of code demonstrate boxing:

Dim calculation As Double = 14.4 + 32.12
Dim result As Object = calculation

The calculation variable, which stores a value deriving from the sum of two numbers, is
a Double value type. The result variable, which is of type Object and therefore a refer-
ence type, is allocated in the heap and boxes the original value of calculation so that
you now have two copies of the value, one in the Stack and one in the Heap. Figure 4.8
shows how boxing causes memory allocation.

Boxing requires performance overhead. This will be clearer when reading the next section.

Unboxing

Unboxing occurs when you convert a reference type to a value type. Basically you perform
unboxing when converting an Object into a value type. Continuing with the previous
example, the following line of code demonstrates unboxing:

Dim convertedResult As Double = CType(result, Double)

Unboxing can cause another copy of the original value (the same stored in the
calculation variable) to be created and allocated in the Stack. Figure 4.9 shows a repre-
sentation of what happens when unboxing a value.

Boxing and unboxing also cause performance overhead, and they should always be
avoided if not truly needed. This is because value types store directly the data they refer to
and therefore creating three copies of the data can consume more resources than neces-
sary. If value types you box and unbox are small, performance might not be influenced
(or, better, you might not see the difference). But if value types store a large amount of
data, the loss of performance could be significant.
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FIGURE 4.8 Boxing causes both Stack and Heap allocation.

FIGURE 4.9 Unboxing causes a third copy of the original value to be created.

AVOIDING BOXING AND UNBOXING

Boxing and unboxing can be necessary if you have methods that receive arguments of
type Object. There are a couple of best practices that you can take when implement-
ing methods, such as using Generics or implementing overloads of methods that can

accept multiple strongly typed arguments. Generics and overloads are discussed later
in the book.
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EARLY BINDING AND LATE BINDING

When talking about reference types, another important topic is early binding and late
binding. Although this can be the right place to discuss them, | prefer to postpone such
discussion until Chapter 47 about Reflection. In this way you first get a complete
overview of reference types and then you get real examples of the late binding technique.

Deep Copy and Shallow Copy

In the “Understanding Reference Types” section, you saw how reference types assignments
differ from value types assignments and how assignments are not enough to create a copy
of a reference type. We also provided one basic solution to this problem, which was to
create a new instance of a specified reference type and then assign each property of the
target instance with values coming from the original one. But this is not enough, both
because it is not complete and because it can be good only with small classes. To create a
complete clone of a reference type, in the .NET development we can take advantage of
two techniques: deep copy and shallow copy. Both techniques require the implementation
of the ICloneable interface. Although we discuss interfaces later, concepts presented here
are quite easy to understand. The ICloneable interface provides a unique method named
Clone that enables developers to know that classes exposing such a method can easily be
cloned. For example, consider the following implementation of the Person class that also
implements the ICloneable interface:

Class Person
Implements ICloneable

Property FirstName As String
Property LastName As String
Property Work As Job

Public Function Clone() As Object Implements System.ICloneable.Clone
Return Me.MemberwiseClone
End Function
End Class

The most interesting thing in the code is the Clone method required by the ICloneable
interface. In the method body you should write code that performs the real copy of the
reference type. Fortunately the Object class provides a method named MemberwiseClone
that automatically returns a shallow copy of your reference type. The keyword Me indicates
the current instance of the class. Because Clone must work with all possible types, it
returns Object. (We see later how to convert this result.) The class exposes two String
properties, FirstName and LastName. You may remember that, although String is a refer-
ence type behind the scenes, you will actually treat it as a value type. The class also



Converting Between Value Types and Reference Types 115

exposes another property named Work of type Job. This is a new reference type represent-
ing a person’s occupation. Job is implemented in the following way:

Class Job
Property CompanyName As String
Property Position As String
End Class

Given this implementation, we can simply create a shallow copy.

Shallow Copy

A shallow copy creates a new instance of the current object and copies values of members
of the original to the new one but does not create copies of children (referenced) objects.
Continuing the example of the preceding implementation, Clone creates a copy of the
Person class into a new instance and copies members’ values that are value types or
Strings. Because Job is a pure reference type, the shallow copy provided by Clone will not
also create a clone of Job. This is the explanation about what we said before, that a
shallow copy creates a copy only of the specified instance but not of children objects. We
can easily verify our assertions writing the following code:

Sub Main()

'The original person

Dim firstPerson As New Person
firstPerson.FirstName = "Alessandro"
firstPerson.LastName = "Del Sole"

‘Defines a work for the above person
Dim randomdJob As New Job
randomdob.CompanyName = "Del Sole Ltd."
randomJob.Position = "CEO"

'Assignment of the new job
firstPerson.Work = randomJob

'Gets a shallow copy of the firstPerson object
Dim secondPerson As Person = CType(firstPerson.Clone, Person)
'Check if they are the same instances

'returns False, 2 different instances:
Console.WriteLine(firstPerson.FirstName Is secondPerson.FirstName)
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'returns True (still same instance of Job!):
Console.WriteLine(firstPerson.Work Is secondPerson.Work)
Console.ReadLine()

End Sub

The preceding code first gets a new instance of the Person class, setting some properties
such as a new instance of the Job class, too. Notice how the result of the Clone method,
which is of type Object, is converted into a Person instance using CType. At this point we
can check what happened. The Is operator enables comparing two instances of reference
types and returns True if they are related to the same instance. For the FirstName prop-
erty, the comparison returns False because the shallow copy created a new, standalone
instance of the Person class. But if we do the same check on the Work property, which is a
child reference type of the Person class, the comparison returns True. This means that
firstPerson.Work refers to the same instance of the Job class as in secondPerson.Work.
And this also means that a shallow copy did not create a new copy of the Job class to be
assigned to the secondPerson object. This is where the deep copy comes in.

Deep Copy

Deep copy is something complex that can create perfect copies of an entire object’s graph.
Basically, to perform a deep copy you have some alternatives. The easiest (and the one we
can show at this point of the book) is to perform a shallow copy of the main object and
then manually copy the other properties of children reference types. The best one instead
recurs to Serialization, which is an advanced topic discussed in Chapter 43, “Serialization.”
At the moment we can focus on editing the previous implementation of the Clone
method for performing a simple deep copy. We could also implement the ICloneable
interface in the Job class, as follows:

4

Class Job
Implements ICloneable

Property CompanyName As String
Property Position As String

Public Function Clone() As Object Implements System.ICloneable.Clone
Return Me.MemberwiseClone
End Function
End Class

Now we can modify the Clone implementation inside the Person class, as follows:

Class Person
Implements ICloneable

Property FirstName As String
Property LastName As String
Property Work As Job
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Public Function Clone() As Object Implements System.ICloneable.Clone
Dim tempPerson As Person = CType(Me.MemberwiseClone, Person)
tempPerson.Work = CType(Me.Work.Clone, Job)

Return tempPerson

End Function
End Class

IMPLEMENTING ICLONEABLE

Of course implementing ICloneable in referenced classes is not the only way for pro-
viding deep copies. We could also generate a new instance of the Job class and manu-
ally assign values read from the original instance. But because we are discussing
ICloneable and Clone, the example was completed this way.

Basically the code obtains first a shallow copy of the current instance of the Person class
and then gets a shallow copy of the child instance of the Job class.

PAY ATTENTION TO RECURSIVE CLONE

Cloning objects with recursive calls to the Clone method could lead to a stack overflow
if the hierarchy of your objects is particularly complex. Because of this, the previous
implementation goes well with small classes and small objects graphs. If this is not
the case, you should prefer serialization.

If we now try to run again the same check comparing the instances of firstPerson and
secondPerson, the output will be the following:

False
False

This is because now the instances are different. We have two completely standalone
instances of the Person class.
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The GetType Keyword

Each time you create an instance of a class, the .NET runtime creates an instance behind
the scenes of the System.Type class that represents your object. Because in the .NET devel-
opment you have the ability to inspect at runtime instances of the System.Type class
(known as Reflection) and to get a reference to that System.Type, the Visual Basic
programming language offers the GetType keyword that enables accomplishing both tasks.
The GetType keyword has two different behaviors: The first one is an operator whereas the
second one is a method; typically GetType is used in comparing two instances of an object
or in accessing metadata of a type at runtime. To understand GetType, here are a few
examples. Consider this first code snippet:

'GetType here is related to the type
Dim testType As Type = GetType(Integer)

For Each method As System.Reflection.MethodInfo
In testType.GetMethods
Console.WriteLine(method.Name)
Next
Console.ReadLine()

In a few words the preceding code retrieves all the information and metadata related to
the System.Int32 type and then shows a list of all methods exposed by such type, using
Reflection. (MethodInfo is an object representing the methods’ information.) This is useful
if you need to retrieve information on a particular data type. If you instead need to
retrieve information about metadata of a specific instance of a data type, you can use the
GetType method, as shown in the following code:

'GetType is here related to an instance
Dim testInt As Integer = 123456
Dim testType As Type = testInt.GetType

For Each method As System.Reflection.MethodInfo
In testType.GetMethods
Console.WritelLine(method.Name)
Next
Console.ReadLine()

In this particular situation you retrieve information of an instance of the System.Int32
type and not of the type. You can also use GetType to compare two types for equality:

‘Comparing two types

If testInt.GetType Is GetType(Integer) Then
Console.WriteLine("TestInt is of type Integer")

End If
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Conversion Operators

In the previous section we discussed converting between value types and reference types.
Such kinds of conversions are not the only ones allowed by the .NET Framework because
you often need to perform conversions between two value types or two reference types.
For example, imagine that you want to represent a number as a text message. In such a
case, you need to convert an Integer into a String; you could also have an Integer value
that must be passed to a method that instead receives an argument of type Double.
Another common scenario is when you work with user controls in the user interface.
There are some controls such as ListBox and DataGridView on the Windows side or the
DataGrid on the web side that can store any kind of object. If you show a list of Person
objects inside a ListBox, the control stores a list of Object, so you need to perform an
explicit conversion from Object to Person each time you need to retrieve information on
a single Person. In this section we show how conversions between types can be performed.

Widening and Narrowing Conversions

With the exception of boxing and unboxing, basically conversions are of two kinds:
widening conversions and narrowing conversions depending if the conversion is explicit or
implicit. This is explained next.

Widening Conversions

Widening conversions occur when you try to convert a type into another one that can
include all values of the original type. A typical example of a widening conversion is
converting from an Integer into a Double, as in the following lines of code:

'Widening conversion
Dim i As Integer = 1
Dim d As Double = i

As you might remember from Table 4.2, Integer represents a numeric value whereas
Double represents a large floating number. Therefore, Double is greater than Integer and
therefore can accept conversions from Integer without loss of precision. Widening
conversions do not need an explicit conversion operator, which instead happens for
narrowing conversions.

Narrowing Conversions

As opposite of widening conversions, narrowing conversions occur when you attempt to
convert a type into another that is smaller or with a loss of precision. For example,
converting a Double into an Integer can cause a loss of precision because Double is a large
floating number whereas Integer is just a numeric value, which is also smaller than
Double. There are several ways to perform narrowing conversions, depending on how
types you need to convert are implemented. Visual Basic 2010, continuing what was
already available in previous versions of the language, provides an easy way to perform
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conversions between base types wrapped by Visual Basic keywords. For example, if we
need to convert a Double into an Integer, we could write the following lines of code:

Dim d As Double = 12345.678
Dim i As Integer = CInt(d)

The CInt function converts the specified Object into an Integer. In this particular case the
value of i becomes 12346, because the conversion caused a loss of precision and the Visual
Basic compiler produced an integer number that is the most approximate possible to the
original value. Another example is when you need to convert a number into a string repre-
sentation of the number itself. This can be accomplished by the following line of code:

Dim s As String = CStr(i)

The cstr function converts the specified Object into a string. With particular regard to
string conversions, all .NET objects expose a method named ToString that performs a
conversion of the original data into a new String. The last line of code could be rewritten
as follows:

Dim s As String = i.ToString()

ToString is also useful because you can format the output. For example, consider the
following line of code:

Dim i As Integer = 123456
Dim s As String = i.ToString("##,##.00")

The ToString method enables specifying how the string should be formatted. On my
machine the code produces the following output:

123,456.00

The output depends on regional settings for your system, with particular regard to separa-
tors.

USE T0STRING INSTEAD OF CSTR

Because it enables you to format the result, ToString should be preferred to CStr.
Moreover, you can override the standard implementation of ToString (provided by the
Object class) so that you can provide your own conversion logic. This is discussed
later, with regard to inheritance.
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Table 4.5 shows the complete list of conversion functions provided by the Visual Basic
grammar.

TABLE 4.5 Visual Basic Conversion Functions

Operator Description

CInt Converts an object into an Integer
CLng Converts an object into a Long
CShort Converts an object into a Short
CSng Converts an object into a Single
CDbl Converts an object into a Double
CBool Converts an object into a Boolean
CByte Converts an object into a Byte
CChar Converts an object into a Char
CStr Converts an object into a String
CObj Converts an object into an instance of Object
CDate Converts an object into a Date
CUInt Converts an object into a UInteger
CULong Converts an object into a ULong

CUShort Converts an object into a UShort

CSByte Converts an object into a SByte

REMEMBER THE LOSS OF PRECISION

Always take care when performing narrowing conversions because of the loss of preci-
sion, particularly with numeric values. Another particular case is when converting from
String to Char. Such conversions retrieve only the first character of the specified string.

When narrowing conversions fail, an InvalidCastException will be thrown by the
compiler. An example of this situation is when you attempt to convert a String into an
Integer. Because String is a valid object expression, you do not get an error at compile
time, but the conversion fails at runtime. Because of this, you should always enclose
conversions within error handling code blocks (see Chapter 6, “Handling Errors and
Exceptions” for details). There are also alternatives that are independent from the Visual
Basic language and that are provided by the .NET Framework. The first way is using the
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System.Convert class that is available on objects that implement the IConvertible inter-
face. Convert exposes a lot of methods, each for converting into a particular data type.
For example, the following line of code converts a string representation of a number into
an integer:

Dim ¢ As Integer = System.Convert.ToInt32("1234")

If the string contains an invalid number, a FormatException is thrown. Methods exposed
by the Convert class are well implemented because they do not only accept Object expres-
sions but also specific types, such as Integer, Boolean, String, and so on. IntelliSense can
help you understand what types are supported. Table 4.6 provides an overview of the most
common conversions methods exposed by System.Convert.

TABLE 4.6 System.Convert Most-Used Methods

Method Description

ToBool Converts the specified type into a Boolean.
ToByte Converts the specified type into a Byte.
ToChar Converts the specified type into a Char.
ToDateTime Converts the specified type into a Date.
ToDecimal Converts the specified type into a Decimal.
ToDouble Converts the specified type into a Double.
Tolnt16 Converts the specified type into a Short.
ToInt32 Converts the specified type into an Integer.
ToInt64 Converts the specified type into a Long.
ToSByte Converts the specified type into a SByte.
ToSingle Converts the specified type into a Single.
ToString Converts the specified type into a String.
ToUInt16 Converts the specified type into an UShort.
ToUINnt32 Converts the specified type into a UInteger.
ToUInt64 Converts the specified type into an ULong.
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Notice that System.Convert also provides other methods that are not discussed here
because they are related to particular situations that assume you have a deep knowledge of
specific .NET topics and are out of the scope in a general discussion such as this one.

CType, DirectCast, TryCast

The Visual Basic programming language offers some other conversion operators that are
probably the most commonly used because of their flexibility. The first one is CType. It
converts from one type to another and, if the conversion fails, the Visual Basic compiler
throws an exception. The good news is that the conversion is also performed by the back-
ground compiler, so if the target type’s range exceeds the source one you are immediately
notified of the problem. For example, the compiler knows that converting a Date into an
Integer is not possible, so in such a scenario you will be immediately notified. If the
conversion is legal (and therefore can compile) but types are populated at runtime with
data that cannot be converted, an InvalidCastException is thrown. For example, the
following code converts an Integer into a Short:

Dim i As Integer = 123456
Dim s As Short = CType(i, Short)

CType is also useful in unboxing. The following code converts from an Object that
contains an Integer into a pure Integer:

Dim p As Object = 1
Dim result As Integer = CType(p, Integer)

Of course, it can also be used for converting between reference types:

Dim p As Object = New Person
Dim result As Person = CType(p, Person)

Basically CType is specific to the Visual Basic runtime and enables widening and narrowing
conversions from one type into another type that accepts the first one. For example, a
Double can be converted to an Integer, although with loss of precision. There are another
couple of important operators, DirectCast and TryCast, which you can use the same way
but which have different behavior. Both operators enable conversions when there is an
inheritance or implementation relationship between the two types. For example, consider
the following lines of code:

Dim d As Double = 123.456
Dim s As Short = CType(d, Short)
Converting from Double to Short using CType will succeed. Now consider the usage of

DirectCast in the same scenario:

Dim d As Double = 123.456
Dim s As Short = DirectCast(d, Short)
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This conversion will fail because neither Short inherits from Double nor is there an
implementation relationship between the two types. A conversion failure is notified via
an InvalidCastException. This means that you should use DirectCast only when you
are sure that inheritance or implementation conditions between types are satisfied,
although preferring DirectCast has some advantages in terms of performances because it
directly relies on the .NET runtime. DirectCast conversions are also checked by the back-
ground compiler, so you will be immediately notified if conversions fail via the Error List
window. DirectCast works with both value and reference types. If you work with refer-
ence types, it’s a best practice to check if the two types are compliant so that you can
reduce the risks of errors:

'In this example P is of type Object but stores a Person
If TypeOf (p) Is Person Then

Dim result As Person = DirectCast(p, Person)
End If

The TypeOf operator compares an object reference variable to a data type and returns True
if the object variable is compatible with the given type. As you may imagine, such checks
can require performance overhead. There is also another particular operator that works
only with reference types, known as TryCast. This one works exactly like DirectCast but
instead of throwing an InvalidCastException, in case of conversion failure, it returns a
null object (Nothing). This can be useful because you can avoid implementing an excep-
tions check, simplifying your code (that will only need to check for a null value) and
reducing performance overhead. The last code snippet could be rewritten as follows:

"In this example P is of type Object but stores a Person
Dim result As Person = TryCast(p, Person)

If the conversion fails TryCast returns Nothing, so you will just need to check such a result.

Working with .NET Fundamental Types

There are special types that you will often work with, such as strings, date and time, and
arrays. Although you will often work with collections, too (see Chapter 16, “Working with
Collections”), understanding how such objects work is an important objective. The .NET
Framework 4.0 simplifies your developer life because objects provide methods to perform
the most common operations on the data.

NOTE ON EXTENSION METHODS

This section describes built-in methods from value and reference types. Because of the
.NET infrastructure, all types provide the ability of invoking extension methods that
could be potentially used for accomplishing some of the tasks proposed in this sec-
tion. They will not be described because the scope of this chapter is to describe built-in
members; you will need to understand extension methods, which are covered in
Chapter 21.
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Working with Strings

Working with strings is one of the most common developer activities. In the .NET
Common Type System, System.String is a reference type. This might be surprising,
because actually strings behave like value types. Regarding this, there are a couple of
things to say. First, the String class cannot be inherited, so you can’t create a custom class
derived from it. Second, String objects are immutable like value types. What does this
mean? It means that when you create a new String you cannot change it. Although you
are allowed to edit a string’s content, behind the scenes the CLR will not edit the existing
string; it will instead create a new instance of the String object containing your edits. The
CLR then stores such String objects in the Heap and returns a reference to them. We
discuss later how to approach strings in a more efficient way; at the moment you need to
understand how to work with them. The System.String class provides lots of methods for
working with strings without the need to write custom code. Assuming you understand
the previous section relating to reference types, you can learn how to manipulate strings
using the most common System.String methods.

SYSTEM.STRING METHODS

System.String provides several methods for performing operations on strings. We dis-
cuss the most important of them. Each method comes with several overloads.

Discussing every overload is not possible, so you learn how methods work and then you
can use IntelliSense, the Object Browser, and the documentation for further information.

Comparing Strings

Comparing the content of two strings is an easy task. The most common way for compar-
ing strings is taking advantage of the equality (=) operator, which checks if two strings
have the same value. The following is an example that compares strings for equality:

Dim stringOne As String = "Hi guys"

Dim stringTwo As String = "How are you?"

Dim stringThree As String = "Hi guys"

'Returns False

Dim result1 As Boolean = (stringOne = stringTwo)
'Returns True

Dim result2 As Boolean = (stringOne = stringThree)

You can also use the equality operator inside conditional blocks, like in the following
snippet:

If stringOne = stringTwo Then
‘Do something if the two strings are equal
End If

You instead check for strings inequality using the inequality operator (<>).
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THE VISUAL BASIC COMPILER AND THE EQUALITY OPERATOR

When using the equality operator for strings comparisons, the Visual Basic compiler
works differently from other managed languages. In fact, behind the scenes it makes a
call to the Microsoft.VisualBasic.CompilerServices.Operators.CompareString
method whereas other languages, such as C#, make an invocation to
System.String.Equals.

The String class also exposes other interesting methods for comparing strings: Equals,
Compare, CompareTo and CompareOrdinal. Equals checks for strings equality and returns a
Boolean value of True if the strings are equal or False if they are not (which is exactly like
the equality operator). The following code compares two strings and returns False because
they are not equal:

Dim firstString As String = "Test string"
Dim secondString As String = "Comparison Test"

Dim areEqual As Boolean = String.Equals(firstString, secondString)

Equals has several signatures allowing deep control of the comparison. For example, you
could check if two strings are equal according to the local system culture and without
being case-sensitive:

Dim areCaseEqual As Boolean =
String.Equals(firstString, secondString,

StringComparison.CurrentCultureIgnoreCase)

The StringComparison object provides a way for specifying comparison settings and was
introduced by .NET 2.0. IntelliSense provides descriptions for each available option. Then
there is the Compare method. It checks if the first string is minor, equal, or greater than
the second and returns an Integer value representing the result of the comparison. If the
first string is minor, it returns -1; if it is equal to the second one, the method returns zero;
last, if the first string is greater than the second, Compare returns 1. The following code
snippet demonstrates this kind of comparison:

Dim firstString As String = "Test string"
Dim secondString As String = "Comparison Test"

Dim result As Integer = String.Compare(firstString, secondString)

In this case Compare returns 1, because the second string is greater than the first one.
Compare enables specifying several comparing options. For example, you could perform
the comparison based on case-sensitive strings. The following code demonstrates this:

Dim caseComparisonResult As Integer =
String.Compare(firstString, secondString, True)
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For Equals, Compare also enables a comparison based on other options, such as the culture
information of your system. The next method is String.CompareTo whose return values
are basically the same as String.Compare, but it is an instance method. You use it like in
the following code:

Dim firstString As String = "Test string"
Dim secondString As String = "Comparison Test"

Dim result As Integer = firstString.CompareTo(secondString)

The last valuable method is String.CompareOrdinal, which checks for casing differences
via ordinal comparison rules, which basically means comparing the numeric values of the
corresponding Char objects that the string is composed of. The following is an example:

Dim firstString As String = "test"
Dim secondString As String = "TeSt"

'Returns:

'0 if the first string is equal to the second

'< @ if the first string is less than the second

'> @ if the first string is greater than the second

Dim result As Integer = String.CompareOrdinal(firstString, secondString)

Checking for Empty or Null Strings

The System.String class provides a method named IsNullOrEmpty that easily enables
checking if a string is null or if it does not contain any characters. You can use such a
method as follows:

If String.IsNullOrEmpty(stringToCheck) = False Then
‘The string is neither null nor empty

Else
'The string is either null or empty

End If

Of course, you could also perform your check against True instead of False. In such situa-
tions both conditions (null or empty) are evaluated. This can be useful because you often
need to validate strings to check if they are valid. There could be situations in which you
need to just ensure that a string is null or not empty. In this case you should use the
usual syntax:

If stringToCheck Is Nothing Then
'String is null

End If

If stringToCheck = "" Then



128 CHAPTER 4 Data Types and Expressions

'String is empty
End If

Formatting Strings

Often you need to send output strings according to a particular format, such as currency,
percentage, and decimal numbers. The System.String class offers a useful method named
Format that enables you to easily format text. Consider the following code example,
paying attention to comments:

'Returns "The cost for traveling to Europe is $1,000.00

Console.WriteLine(String.Format("The cost for traveling to Europe is {0:C}
dollars", 1000))

'Returns "You are eligible for a 15.50% discount"

Console.WriteLine(String.Format("You are eligible for a {0:P} discount",
15.55F))

'Returns "Hex counterpart for 10 is A"

Console.WriteLine(String.Format("Hex counterpart for 10 is {0:X}", 10))

The first thing to notice is how you present your strings; Format accepts a number of
values to be formatted and then embedded in the main string, which are referenced with
the number enclosed in brackets; for example {0} is the second argument of Format, {1} is
the second one, and so on. Symbols enable the format; for example, C stands for currency,
whereas P stands for percentage, and X stands for hexadecimal. Visual Basic 2010 offers the
symbols listed in Table 4.7.

TABLE 4.7 Format Symbols Accepted

Symbol Description
Corc Currency
Dord Decimal
Eore Scientific
Forf Fixed point
Gorg General

N or n Number
Porp Percentage
Rorr Roundtrip

X or x Hexadecimal
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ROUNDTRIP

Roundtrip ensures that conversions from floating point to String and that converting
back is allowed.

Of course, you can format multiple strings in one line of code, as in the following example:
Console.Writeline(String.Format("The traveling cost is" &

" {0:C}. Hex for {1} is '{1,5:X}'", 1000, 10))
The preceding code produces the following result:
The traveling cost is $1,000.00. Hex for 10 is ' A'
As you can see, you can specify a number of white spaces before the next value. This is
accomplished typing the number of spaces you want to add followed by a : symbol and

then by the desired format symbol. String.Format also enables the use of custom formats.
Custom formats are based on the symbols shown in Table 4.8.

TABLE 4.8 Symbols You Can Use for Custom Formats

Symbol Description
0 A numeric placeholder showing O
# A digit placeholder
% Percentage symbol
Decimal dot

, Thousands separator

; Section separator

“ABC” or 'ABC’ String literals
\ Escape
E or e combined with + or — Scientific

According to Table 4.7, we could write a custom percentage representation:

'Returns "Custom percentage %1,550"
Console.WriteLine(String.Format("Custom percentage {0:S##,###.##} ", 15.50))
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Or you could also write a custom currency representation. For example, if you live in
Great Britain, you could write the following line for representing the Sterling currency:

Console.WriteLine(String.Format("Custom currency {0:£#,###.00} ", 987654))

Another interesting feature in customizing output is the ability to provide different
formats according to the input value. For example, you can decide to format a number
depending if it is positive, negative, or zero. At this regard, consider the following code:

Dim number As Decimal = 1000
Console.WritelLine(String.
Format("Custom currency formatting:
{0:£#,##0.00; *£# ,##0.00* ;Zero}",
number))

Here you specify three different formats, separated by semicolons. The first format affects
positive numbers (such as the value of the number variable); the second one affects nega-
tive numbers, and the third one affects a zero value. The preceding example therefore
produces the following output:

Custom currency formatting: £1,000.00

If you try to change the value of number to —1000, the code produces the following output:

Custom currency formatting: *£1,000.00*

Finally, if you assign number = 0, the code produces the following output:

Custom currency formatting: Zero

Creating Copies of Strings

Strings in .NET are reference types. Because of this, you cannot assign a string object to
another string to perform a copy, because this action will just copy the reference to the
actual string. Fortunately, the System.String class provides two useful methods for
copying strings: Copy and CopyTo. The first one creates a copy of an entire string:

Dim sourceString As String = "Alessandro Del Sole"
Dim targetString As String = String.Copy(sourceString)

Copy is a shared method and can create a new instance of String and then put into the
instance the content of the original string. If you instead need to create a copy of only a
subset of the original string, you can invoke the instance method CopyTo. Such method
works a little differently from Copy, because it returns an array of Char. The following code
provides an example:

Dim sourceString As String = "Alessandro Del Sole"
Dim charArray(sourceString.Length) As Char
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sourceString.CopyTo(11, charArray, 0, 3)
Console.WritelLine(charArray)

You first need to declare an array of char, in this case as long as the string length. The first
argument of CopyTo is the start position in the original string. The second is the target
array; the third one is the start position in the target array, and the fourth one is the
number of characters to copy. In the end, such code produces Del as the output.

CLONE METHOD

The String class also offers a method named Clone. You should not confuse this
method with Copy and CopyTo, because it will just return a reference to the original
string and not a real copy.

Inspecting Strings

When working with strings you often need to inspect or evaluate their content. The
System.String class provides both methods and properties for inspecting strings. Imagine
you have the following string:

Dim testString As String = "This is a string to inspect”
You can retrieve the string’s length via its Length property:

'Returns 27
Dim length As Integer = testString.Length

Another interesting method is Contains that enables knowing if a string contains the
specified substring or array of Char. Contains returns a Boolean value, as you can see in
the following code snippet:

'Returns True
Dim contains As Boolean = testString.Contains("inspect")
'Returns False

Dim contains1 As Boolean = testString.Contains("Inspect")

Just remember that evaluation is case-sensitive. There are also situations in which you
might need to check if a string begins or ends with a specified substring. You can verify
both situations using StartsWith and EndsWith methods:

'Returns False, the string starts with "T"

Dim startsWith As Boolean = testString.StartsWith("Uh")
'Returns True

Dim endsWith As Boolean = testString.EndsWith("pect")
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Often you might also need to get the position of a specified substring within a string. To
accomplish this, you can use the Index0f method. For example you could retrieve the
start position of the first “is” substring as follows:

'Returns 2
Dim index As Integer = testString.IndexOf("is")

The code returns 2 because the start index is zero-based and refers to the “is” substring of
the “This” word. You do not need to start your search from the beginning of the string; you
can specify a start index, or you can specify how the comparison must be performed via
the StringComparison enumeration. Both situations are summarized in the following code:

'Returns 5
Dim index1 As Integer = testString.IndexOf("is", 3,
StringComparison.InvariantCulturelIgnoreCase)

STRINGCOMPARISON ENUMERATION

You can refer to IntelliSense when typing code for further details on the
StringComparison enumeration options. They are self-explanatory, and for the sake of
brevity, all options cannot be shown here.

IndexOf performs a search on the exact substring. You might also need to search for the
position of just one character of a set of characters. This can be accomplished using the
Index0fAny method as follows:

'Returns 1
Dim index2 As Integer = testString.
IndexOfAny(New Char() {"h"c, "s"c, "i"c})

The preceding code has an array of Char storing three characters, all available in the main
string. Because the first character in the array is found first, Index0fAny returns its posi-
tion. Generally IndexOfAny returns the position of the character that is found first. There
are counterparts of both Index0f and IndexOfAny: LastIndexOf and LastIndexOfAny. The
first two methods perform a search starting from the beginning of a string, whereas the
last two perform a search starting from the end of a string. This is an example:

'Returns 5

Dim lastIndex As Integer = testString.LastIndexOf("is")

'Returns 22

Dim lastIndex1 As Integer = testString.LastIndexOfAny(New Char()
{"h"c, "s"c, "i"c})

Notice how LastIndex0f returns the second occurrence of the “is” substring if you
consider the main string from the beginning. Indexing is useful, but this stores just the
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position of a substring. If you need to retrieve the text of a substring, you can use the
SubString method that works as follows:

'Returns "is a string"
Dim subString As String = testString.Substring(5, 11)

You can also just specify the start index, if you need the entire substring starting from a
particular point.

Editing Strings

The System.String class provides members for editing strings. The first method described
is named Insert and enables adding a substring into a string at the specified index.
Consider the following example:

Dim testString As String = "This is a test string"

'Returns

'"This is a test,for demo purposes only,string"

Dim result As String = testString.Insert(14, ",for demo purposes only,")

As you can see from the comment in the code, Insert adds the specified substring from
the specified index but does not append or replace anything. Insert’s counterpart is
Remove, which enables removing a substring starting from the specified index or a piece
of substring from the specified index and for the specified number of characters. This is
an example:

'Returns "This is a test string"
Dim removedString As String = testString.Remove(14)

Another common task is replacing a substring within a string with another string. For
example, imagine you want to replace the “test” substring with the “demo” substring within
the testString instance. This can be accomplished using the Replace method as follows:

'Returns
'"This is a demo string"
Dim replacedString As String = testString.Replace("test", "demo")

The result of Replace must be assigned to another string to get the desired result. (See
“Performance Tips” at the end of this section.) Editing strings also contain splitting tech-
niques. You often need to split one string into multiple strings, especially when the string
contains substrings separated by a symbol. For example, consider the following code in
which a string contains substrings separated by commas, as in CSV files:

Dim stringToSplit As String = "Name,Last Name,Age"
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You might want to extract the three substrings Name, Last Name, and Age and store them
as unique strings. To accomplish this you can use the Split method, which can receive as
an argument the separator character:

Dim result() As String = stringToSplit.Split(","c)

For Each item As String In result
Console.WriteLine(item)

Next

The preceding code retrieves three strings that are stored into an array of String and
produces the following output:

Name
Last Name
Age

Split has several overloads that you can inspect with IntelliSense. One of these enables
you to specify the maximum number of substrings to extract and split options, such as
normal splitting or splitting if substrings are not empty:

Dim result() As String = stringToSplit.Split(New Char() {","c}, 2,
StringSplitOptions.RemoveEmptyEntries)

In this overload you have to explicitly specify an array of Char; in this case there is just a
one-dimension array containing the split symbol. Such code produces the following
output, considering that only two substrings are accepted:

Name
Last Name, Age

Opposite to Split, there is also a Join method that enables joining substrings into a
unique string. Substrings are passed as an array of String and are separated by the speci-
fied character. The following code shows an example:

'Returns "Name, Last Name, Age"
Dim result As String = String.Join(",",
New String() {"Name", "Last Name", "Age"})

Another way to edit strings is trimming. Imagine you have a string containing white
spaces at the end of the string or at the beginning of the string or both. You might want
to remove white spaces from the main string. The System.String class provides three
methods: Trim, TrimStart, and TrimEnd that enable accomplishing this task, as shown in
the following code (see comments):

Dim stringWithSpaces As String = " Test with spaces !
'Returns "Test with spaces"

Dim resulti As String = stringWithSpaces.Trim

'Returns "Test with spaces !
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Dim result2 As String = stringWithSpaces.TrimStart
'Returns " Test with spaces”
Dim result3 As String = stringWithSpaces.TrimEnd

All three methods provide overloads for specifying characters different than white spaces.
(Imagine you want to remove an asterisk.) Opposite to TrimStart and TrimEnd,
System.String exposes PadLeft and PadRight. The best explanation for both methods is a
practical example. Consider the following code:

Dim padResult As String = testString.PadLeft (30, "*"c)

It produces the following result:

**xx*xx%*x*This is a test string

Basically PadLeft creates a new string, whose length is the one specified as the first argu-
ment of the method and that includes the original string with the addition of a number
of symbols that is equal to the difference from the length you specified and the length of
the original string. In our case, the original string is 21 characters long whereas we speci-
fied 30 as the new length. So, there are 9 asterisks. PadRight does the same, but symbols
are added on the right side, as in the following example:

Dim padResult As String = testString.PadRight(30, "*'"c)

This code produces the following result:

This is a test string****x*x*x

Both methods are useful if you need to add symbols to the left or to the right of a string.

PERFORMANCE TIPS

Because of its particular nature, each time you edit a string you are not actually edit-
ing the string but you are instead creating a new instance of the System.String
class. As you may imagine, this could lead to performance issues. That said, although
it's fundamental to know how you can edit strings; you should always prefer the
StringBuilder object especially when concatenating strings. StringBuilder is dis-
cussed later in this chapter.

Concatenating Strings

Concatenation is perhaps the most common task that developers need to perform on
strings. In Visual Basic 2010 you have some alternatives. First, you can use the addition
operator:

Dim firstString As String = "Hello! My name is "
Dim secondString As String = "Alessandro Del Sole"

Dim result As String = firstString + secondString



136 CHAPTER 4 Data Types and Expressions

Another and better approach is the String.Concat method:

Dim concatResult As String =
String.Concat(firstString, secondString)

Both ways produce the same result, but both ways have a big limitation; because strings
are immutable, and therefore the CLR needs to create a new instance of the String class
each time you perform a concatenation. This scenario can lead to a significant loss of
performance; if you need to concatenate 10 strings, the CLR creates 10 instances of the
String class. Fortunately, the .NET Framework provides a more efficient way for concate-
nating strings: the StringBuilder object.

The StringBuilder Object

The System.Text.StringBuilder class provides an efficient way for concatenating strings.
You should always use StringBuilder in such situations. The real difference is that
StringBuilder can create a buffer that grows along with the real needs of storing text.
(The default constructor creates a 16-byte buffer.) Using such the StringBuilder class is
straightforward. Consider the following code example:

'Requires an Imports System.Text directive
Function ConcatenatingStringsWithStringBuilder() As String
Dim result As New StringBuilder

'"Ensures that the StringBuilder instance
'has the capacity of at least 100 characters
result.EnsureCapacity(100)
result.Append("Hello! My name is ")
result.Append("Alessandro Del Sole")
Return result.ToString

End Function

You simply instantiate the StringBuilder class using the New keyword and then invoke the
Append method that receives as an argument the string that must be concatenated. In the
end you need to explicitly convert the StringBuilder to a String invoking the ToString
method. This class is powerful and provides several methods for working with strings, such
as AppendLine (which appends an empty line with a carriage return), AppendFormat (which
enables you to format the appended string), and Replace (which enables you to replace all
occurrences of the specified string with another string). The EnsureCapacity method used
in the code example ensures that the StringBuilder instance can contain at least the spec-
ified number of characters. Basically you can find in the StringBuilder class the same
methods provided by the String class (Replace, Insert, Remove, and so on) so that
working with StringBuilder will be familiar and straightforward.
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Working with Dates

Together with strings, you often need to handle dates and moments in time. To accomplish
this, the .NET Framework 4.0 provides the System.DateTime type, which is a value type.

MINVALUE AND MAXVALUE

Being a value type, System.DateTime has two shared fields, Minvalue and MaxValue,
which respectively store the minimum accepted date and the maximum one. Minimum
date is 01/01/0001 00:00:00 a.m. whereas maximum date is 12/31/9999
11:59:59 p.m.

Creating Dates

The Visual Basic grammar offers also the Date keyword that is basically a lexical represen-

tation of the System.DateTime object, so you can use both definitions. For consistency, we
use the Date reserved keyword but keep in mind that this keyword creates (or gets a refer-

ence to) an instance of the System.DateTime type. Basically working with dates is an easy

task. You can create a new date creating an instance of the DateTime class:

Dim myBirthDate As New Date (1977, 5, 10)

The constructor has several overloads but the most common is the preceding one, where
you can specify year, month, and day. For example, such values could be written by the
user and then converted into a DateTime object. Another common situation in which you
need to create a date is for storing the current system clock date and time. This can be
easily accomplished using the DateTime.Now property as follows:

Dim currentDate As Date = Date.Now

Such code produces the following result, representing the moment when I'm writing
this chapter:

8/4/2009 10:35:49 AM

When you get an instance of a DateTime, you can retrieve a lot of information about it.
For example, consider the following code taking care of comments:

‘Creates a new date; May 10th 1977, 8.30 pm
Dim myBirthDate As New Date (1977, 5, 10,
20, 30, 0)

"In 1977, May 10th was Tuesday
Console.WritelLine(myBirthDate.DayOfWeek.
ToString)
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'8.30 pm

Cconsole.WriteLine("Hour: {0}, Minutes: {1}",
myBirthDate.Hour,
myBirthDate.Minute)

'Is the date included within the Day Light Saving Time period?
Console.WriteLine("Is Day light saving time: {0}",
myBirthDate.IsDaylightSavingTime.
ToString)

'Is leap year

Console.WriteLine("Is leap: {0}",
Date.IsLeapYear(myBirthDate.Year).
ToString)

The code first creates the following date, representing my birth date: 5/10/1977 8:30:00
PM. Then it retrieves some information, such as the name of the day in the week (repre-
sented by the DayOfWeek enumeration), hours, and minutes (via the Hour and Minute
integer properties) and the inclusion of the specified date within Daylight Saving Time.
The DateTime object also exposes a shared method named IsLeapYear that can establish
if the specified year is a leap year. In our example, the year is not passed directly, but it is
provided via the Year property of the myBirthDate instance. The following is the result
of the code:

Tuesday

Hour: 20, Minutes: 30

Is Day light saving time: True
Is leap: False

Finally, you can declare dates with the so-called date literals. The following is an example
of how you can customize the date format:

Dim customDate As Date = #2/25/2010 8:00:00 PM#

Converting Strings into Dates

It is not unusual to ask the user to provide a date within an application. Typically this is
accomplished via the user interface and, if you do not provide a specific user control (such
as the WPF DatePicker or the Win Forms DateTimePicker) for selecting dates in a graphi-
cal fashion, such input will be provided in the form of a string. Because of this, you need
a way for converting the string into a date, unless the string is invalid (so you need valida-
tion) so that you can then manipulate the user input as an effective DateTime object. To
accomplish this kind of conversion, the System.DateTime class provides two methods that
you already saw when discussing value types: Parse and TryParse. For example, consider
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the following code that receives an input by the user and attempts to convert such input
into a DateTime object:

Sub ParsingDates()
Console.WriteLine("Please specify a date:")
Dim inputDate As Date
Dim result As Boolean = Date.TryParse(Console.ReadLine, inputDate)

If result = False Then
Console.WriteLine("You entered an invalid date")
Else
Console.WritelLine(inputDate.DayOfWeek.ToString)
End If
End Sub

The TryParse method receives the string to convert as the first argument (which in this
case is obtained by the Console window) and the output object passed by reference
(inputDate); it returns True if the conversion succeeds or False if it fails. Basically the
conversion succeeds if the input string format is accepted and recognized by the DateTime
type. If you run this code and enter a string in the following format: 1977/05/10, the
conversion succeeds because such format is accepted by DateTime. So you can then manip-
ulate the new date as you like. (In the preceding example the code shows the day of the
week for the specified date, which in my example is Tuesday.)

TIP

In many cases you work with data coming from a database. The ADO.NET engine and
layered technologies, such as LINQ, map dates from databases directly into a
System.DateTime object so that you will have the possibility of working and manipulat-
ing such objects from and to data sources.

Formatting Dates

You need to present dates for several scenarios, and you might be required to perform this
task in different ways. Fortunately, the System.DateTime provides a lot of ways for format-
ting dates. The easiest way is invoking the ToString method, which accepts an argument
that enables specifying how a date must be presented. For example, consider the follow-
ing code snippet that writes the current date in both the extended (D) and the short (d)
date formats:

Console.WriteLine(DateTime.Now.ToString("D"))
Console.WriteLine(DateTime.Now.ToString("d"))
Such code produces the following output:

Wednesday, August 05, 2009
8/5/2009
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The result is based on the regional and culture settings of your system. Table 4.9 summa-
rizes symbols that you can use with the ToString method.

TABLE 4.9 Date Formatting Symbols with ToString

Symbol Preview

Wednesday, August 05, 2009

8/5/2009

3:11:26 PM

3:11 PM

Wednesday, August 05, 2009 3:11:26 PM
Wednesday, August 05, 2009 3:11 PM
8/5/2009 3:11:26 PM

8/5/2009 3:11 PM
2009-08-05T15:11:26

Wednesday, August 05, 2009 1:11:26 PM

c c o & ©& m m 4 —=H O O

2009-08-05 15:11:26Z

ToString also recognizes date literals. The following is an example of how you can
customize and write a date:

Console.WriteLine(Date.Today.ToString("dd/MM/yyyy"))

The above code prints the current date in the Day/Month/Year format. System.DateTime
provides a plethora of other useful methods that you can use for formatting dates. Such
methods also return different data types, depending on the scenario in which they have to
be used in. Table 4.10 summarizes the most important methods that you can always
inspect with IntelliSense and the Object Browser.

TABLE 4.10 system.DateTime Useful Methods

Method Description Type Returned
ToLocalTime Returns the full date representation according to Date

regional settings (System.DateTime)
ToLongDateString Returns a long format date (without time) String
ToShortDateString Returns a short format date (without time) String

ToLongTimeString Returns a long format time (without date) String



Working with .NET Fundamental Types 141

TABLE 4.10 Continued

Method

Description Type Returned

ToShortTimeString Returns a short format time (without date) String

ToUniversalTime Returns a full date representation according to the Date

Coordinated Universal Time specifications. (System.DateTime)
ToOADate Returns an OLE Automation date format Double
ToFileTime Returns the Windows file time representation of a Long

date
ToFileTimeUtc Returns the Windows file time representation of a Long

date, according to the Coordinated Universal Time
specifications.

The following code snippet takes all the preceding methods to demonstrate how the
output differs depending on the method:

Console

Console

Console.
Console.

Console.

Console

Console.

WriteLine("Local time: {@}", Date.Now.ToLocalTime)
Console.
Console.

(
WriteLine("Long date: {0}", Date.Now.ToLongDateString)
WriteLine("Short date: {0}", Date.Now.ToShortDateString)
WriteLine("Long time: {0}", Date.Now.ToLongTimeString)
WriteLine("Short time: {0}", Date.Now.ToShortTimeString)
WriteLine("Universal time: {0}", Date.Now.
ToUniversalTime.ToString)
WriteLine("File time: {0}", Date.Now.

ToFileTime.ToString)

WriteLine("File time UTC: {@}", Date.Now.

ToFileTimeUtc.ToString)
WriteLine("OLE Automation date: {0}", Date.Now.
ToOADate.ToString)

The preceding code produces the following result that you can compare with methods as
described in Table 4.9:

Local time: 08/05/2009 14:57:22

Long date: Wednesday, August 05, 2009
Short date: 8/5/2009

Long time: 2:57:22 PM

Short time: 2:57 PM

Universal time: 8/5/2009 12:57:22 PM

File time: 128939506428847656

File time UTC: 128939506428886718

OLE Automation date: 40030.6231815741
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Subtracting Dates and Adding Time to Time

It’s not unusual to need to know the amount of time spent between two dates. The
System.DateTime enables accomplishing this invoking a Subtract method, which returns
a System.TimeSpan value. For example, consider the following code that subtracts a date
from another one:

Dim birthDate As Date = New Date(1977, 5, 10, 20, 30, 0)
Dim secondDate As Date = New Date(1990, 5, 11, 20, 10, 0)

Dim result As System.TimeSpan = secondDate.Subtract(birthDate)

"In days
Console.WritelLine(result.Days)
"In "ticks"
Console.WritelLine(result.Ticks)

You can subtract two DateTime objects and get a result of type TimeSpan (discussed next).
You can then get information on the result, such as the number of days that represent the
difference between the two dates or the number of ticks. The above code produces the
following result:

4748
4103124000000000

You can also add values to a date. For example you can edit a date adding days, hour,
minutes, seconds, or ticks or incrementing the year. Consider the following code snippet:

Dim editedDate As Date = birthDate.AddDays(3)
editedDate = editedDate.AddHours(2)
editedDate = editedDate.AddYears(1)

Console.WritelLine(editedDate)

Such code adds three days and two hours to the date and increments the year by one unit.
In the end it produces the following output:

5/13/1978 10:30:00 PM

Dates are important and although they allow working with time, too, the .NET Framework
provides an important structure specific for representing pieces of time: System.TimeSpan.

NOTE ABOUT OPERATORS

You can use standard operators such as the addition and subtraction operators when
working with both DateTime and TimeSpan objects. This is possible because both
objects overload the standard operators. Overloading operators is discussed in Chapter
11, “Structures and Enumerations.”
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Working with Time

You often need to represent intervals of time in your applications, especially in conjunc-
tion with dates. The .NET Framework provides a structure, therefore a value type, named
System.TimeSpan. Such structure can represent time from a minimum value (one tick)
until a maximum value (one day). A tick is the smallest unit for time representations and
is equal to 100 nanoseconds. Whereas TimeSpan represents a summed amount of time
between two given time values, the time portion of a Date object represents a single
specific moment in time.

MINIMUM AND MAXIMUM VALUES

As for other value types, System.TimeSpan also provides two shared properties named
MinValue and MaxValue that return respectively the following ticks: -
10675199.02:48:05.4775808 and 10675199.02:48:05.4775807. For the sake of
clarity, both values are respectively equals to System.Int64.MinValue and
System.Int64.MaxValue.

You can find several places in which using TimeSpan is needed other than simply working
with dates. For example, you might want to create your performance benchmarks using
the StopWatch object that returns a TimeSpan. Or you might need such structure when
working with animations in WPF applications. The following code example simulates a
performance test; a System.StopWatch object is started and an intensive loop is performed,
and then the Stopwatch gets stopped. The StopwWatch class offers an Elapsed property that
is of type TimeSpan and that can be useful to analyze the amount of elapsed time:

Dim watch As New Stopwatch

watch.Start()
For i = 0 To 10000
‘Simulates intensive processing
System.Threading.Thread.SpinWait (800000)
Next
watch.Stop()

Console.WriteLine(watch.Elapsed.Seconds)
Console.WriteLine(watch.Elapsed.Milliseconds)
Console.WriteLine(watch.Elapsed.Ticks)

The preceding code produced the following result on my machine, but, of course, it will
be different on yours, depending on your hardware:

49
374
493746173
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Basically the TimeSpan structure is similar to the area of the DateTime type that is related
to time. Notice that TimeSpan offers several similar properties, such as Days, Hours,
Minutes, Seconds, Milliseconds, and methods such as AddDays, AddHours, AddMinute, and
Subtract. TimeSpan is all about time; this means that although there are similarities, as
mentioned before, with the time-related DateTime members, you cannot (obviously) work
with dates. The following code provides an example about creating a TimeSpan instance
starting from an existing date:

Sub TimeSpanInstance()
Dim currentDate As Date = Date.Now
'Because the System namespace is imported at project
'level, we do not need an Imports directive
Dim intervalOfTime As TimeSpan = currentDate.TimeOfDay

Console.WriteLine("My friend, in the current date " &
"there are {0} days; time is {1}:{2}:{3}",
intervalOfTime.Days,
intervalOfTime.Hours,
intervalOfTime.Minutes,
intervalOfTime.Seconds)
End Sub

The preceding code produces the following result:

My friend, in the current date there are 0 days; time is 19:13

Because in the specified interval there is only the current day, the first argument returns
zero. Take a look back at the section “Subtracting Dates and Adding Time to Time” to see
an example of TimeSpan usage for an interval of time retrieved subtracting two dates.

Working with TimeZone and TimeZoneInfo

You might often ask what people are doing on the other side of world when in your
country it’s a particular time of the day. Working with time zones can also be important
for your business if you need to contact people who live in different and far away coun-
tries. The .NET Framework provides two types, TimeZone and TimeZoneInfo, which enable
retrieving information on time zones. Both types are exposed by the System namespace.
For example, imagine you want to retrieve information on the time zone of your country.
This can be accomplished as follows (assuming regional settings on your machine are
effectively related to your country):

Dim zone As TimeZone = TimeZone.CurrentTimeZone
TimeZone is a reference type and through its CurrentTimeZone property it provides a lot of
information such as the name of the time zone or the daylight-saving time period as

demonstrated here:

Console.WritelLine(zone.DaylightName)
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Console.WritelLine(zone.StandardName)

Console.WriteLine(zone.IsDaylightSavingTime (Date.Now))

This code produces the following result on my machine:

W. Europe Daylight Time
W. Europe Standard Time

True

The official MSDN documentation states that using the TimeZoneInfo class should be
preferred instead of TimeZone. This is because TimeZoneInfo also provides the ability of
creating custom time zones. The following code shows how you can retrieve current time
zone information using TimeZoneInfo:

Dim tz As TimeZoneInfo = TimeZonelInfo.Local
'Shows the current time zone Identifier
Console.WritelLine(tz.Id)

Creating a custom time zone is also a simple task, which is accomplished by the following
code:

Dim customZone As TimeZoneInfo = TimeZonelInfo.
CreateCustomTimeZone ("CustomTimeZone",
Date.UtcNow.Subtract(Date.Now),

"Custom Zone", "Custom Zone")

All you need is specifying a custom identifier, the difference between the UTC time span
and the local time span, a daylight identifier, and a standard identifier. TimeZoneInfo also
provides another useful method for enumerating time zones recognized by the system,
named GetSystemTimeZones and that you can use like this:

For Each timez As TimeZoneInfo In TimeZonelInfo.GetSystemTimeZones
Console.WriteLine(timez.DisplayName)
Next

An excerpt of the output provided by this simple iteration is the following:

(UTC-06:00
(UTC-06:00

Central America
Central Time (US & Canada)

(UTC-12:00) International Date Line West
(UTC-11:00) Midway Island, Samoa
(UTC-10:00) Hawaii
(UTC-09:00) Alaska
(UTC-08:00) Pacific Time (US & Canada)
(UTC-08:00) Tijuana, Baja California
(UTC-07:00) Arizona
(UTC-07:00) Chihuahua, La Paz, Mazatlan
(UTC-07:00) Mountain Time (US & Canada)
)
)
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) Eastern Time (US & Canada)
) Indiana (East)
UTC-04:30) Caracas
) Santiago
) Newfoundland
(UTC-01:00) Cape Verde Is.
(UTC) Casablanca
(UTC) Coordinated Universal Time
(UTC) Dublin, Edinburgh, Lisbon, London
(UTC) Monrovia, Reykjavik
(UTC+01:00) Amsterdam, Berlin, Bern, Rome, Stockholm, Vienna
(UTC+02:00) Windhoek
(UTC+03:00) Baghdad
( Kuwait, Riyadh
Moscow, St. Petersburg, Volgograd
Nairobi
Almaty, Novosibirsk
Astana, Dhaka
(UTC+06:30) Yangon (Rangoon)
(UTC+07:00) Krasnoyarsk

)
)
UTC+03:00)
)
)
)
)
)
)
UTC+08:00) Beijing, Chongqing, Hong Kong, Urumqgi
)
)
)
)
)
)
)
)
)

(UTC+03:00
(UTC+03:00
(UTC+06: 00
(UTC+06: 00

(
(UTC+08:00) Perth

(UTC+08:00) Taipei

(UTC+09:00) Yakutsk

(UTC+09:30) Adelaide

(UTC+10:00) Vladivostok

(UTC+11:00) Magadan, Solomon Is., New Caledonia

(UTC+12:00) Auckland, Wellington

(UTC+12:00) Fiji, Kamchatka, Marshall Is.

(UTC+13:00) Nuku'alofa

Thanks to this information, you could use the TimeZoneInfo class for converting between
time zones. The following code demonstrates how to calculate the hour difference
between Italy and Redmond, WA:

'Redmond time; requires specifying the Time Zone ID
Dim RedmondTime As Date = TimeZonelInfo.
ConvertTimeBySystemTimeZoneId(DateTime.Now, "Pacific Standard Time")

Console.WriteLine("In Italy now is {@} while in Redmond it is {1}",
Date.Now.Hour,RedmondTime.Hour)

Invoking the ConvertTimeBySystemzZoneId method, you can convert between your local
system time and another time, based on the zone ID. If you don’t know zone IDs, just
replace the previous iterations for showing the content of the timez.Id property instead
of DisplayName.
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Working with GUIDs

How many times do you need to represent something with a unique identifier? Probably
your answer is “very often.” Examples are items with the same name but with different
characteristics. The .NET Framework enables creating unique identifiers via the
System.Guid structure (therefore a value type). Such type enables generating a unique,
128-bit string, identifier. To generate a unique identifier, invoke the Guid.NewGuid method
that works as follows:

‘Declaring a Guid
Dim uniqueldentifier As Guid

'A unique identifier
uniqueldentifier = Guid.NewGuid
Console.WriteLine(uniqueldentifier.ToString)

'Another unique identifier,

‘although to the same variable
uniqueldentifier = Guid.NewGuid
Console.WriteLine(uniqueldentifier.ToString)

If you run the preceding code, you notice that each time you invoke the NewGuid method
a new GUID is generated, although you assign such value to the same variable. This makes
sense, because you use the GUID each time you need a unique identifier. On my machine
the preceding code produces the following result:

96664b7d-1c8a-42a5-830f -3548dfe3ff8e
4767a1ff-a7c¢8-4db0-b37e-5h22a387¢cf00

EXAMPLES OF GUIDS

The Windows operating system makes a huge usage of GUIDs. If you try to inspect the
Windows Registry, you find lot of examples.

The Guid.NewGuid method provides auto-generated GUIDs. If you need to provide your
own GUID, you can use the New constructor followed by the desired identifier:

'Specifying a Guid
uniqueldentifier = New Guid("f578c96b-5918-4f79-b690-6c463ffb2c3e")

The constructor has several overloads, which enable generating GUIDs also based on bytes
array and integers. Generally you use GUIDs each time you need to represent something
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as unique. Several .NET types accept GUIDs, so you need to know how you can create
them in code, although this is not the only way.

Creating GUIDs with the Visual Studio Instrumentation

The Visual Studio IDE provides a graphical tool for generating GUIDs. You can run this
tool by choosing the Create Guid command from the Tools menu. Figure 4.10 shows the
Create Guid window.

FIGURE 4.10 The Create GUID tool from Visual Studio.

You can choose what format you need for your GUID, such as Windows-like GUIDs.
When you get your GUID, you can copy it to the clipboard and then reuse it in your code.

Working with Arrays

As a developer you of course know what arrays are. They are basically a place in which
you can store a set of items, generally of the same type. In the .NET Framework 4.0 (as in
older versions), arrays are reference types all deriving from the System.Array class and can
be both one-dimensional and multidimensional.

ARRAYS VERSUS COLLECTIONS

Collections, especially generic ones, are generally more efficient than arrays. | always
recommend working with collections instead of arrays, except when strictly needed. (For
example, you might need jagged arrays.)
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You can either declare an array and use it later in your code or declare it and assign it with
objects. The following is an example of declaring an array of String objects, meaning that
it can store only objects of type String:

Dim anArray0fString() As String

In this line of code an array of String is declared. This array has no predefined bounds, so
it is flexible and useful if you cannot predict how many items it needs to store. There is also
an alternative syntax, which allows placing parentheses at the end of the type, as follows:

'Alternative syntax
Dim anArray0fString As String()

You are free to use whichever syntax you like. For the sake of consistency the first one is
used.

IS OPTION STRICT ON?

The preceding and the following code examples assume that Option Strict is set to
on. If it is off, adding instances of System.Object is also allowed but might cause
errors at runtime. It is recommended to set Option Strict to On to avoid implicit con-
version, and this is one of those cases.

You can initialize arrays directly when declaring them, as in the following code that
declares an array of strings and stores three instances of the System.String class:

‘Inline initialization with implicit bounds
Dim anArrayOfThreeStrings() As String = New String() {"One", "Two", "Three"}

Notice how you assign an array using the New keyword followed by the type name and a
couple of parentheses. Brackets contain the items to store. The declared array has no
bounds limits, but actually after the assignment its upper bound is 2 so its bounds are
determined by the number of values it is initialized with.

ARRAYS BASE

Arrays are zero-based. This means that an array with an upper bound of 2 can store
three items (index of zero, index of one, and index of two).

This approach works with arrays of other .NET types, too, as in the following code in
which Char and Byte are used:

Dim anArrayOfChar() As Char = New Char() {"a"c, "b"c, "c"c}

Dim anArrayOfByte() As Byte

New Byte() {1, 2, 3}
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If you already know how many items the array can store, you can specify the bounds
limits. For example, imagine you want to store three instances of System.Byte into an
array of Byte. This can be accomplished via the following code:

Dim anExplicitBoundArrayOfByte(2
anExplicitBoundArrayOfByte(0)
anExplicitBoundArrayOfByte(1)
anExplicitBoundArrayOfByte(2)

INLINE INITIALIZATION WITH EXPLICIT BOUNDS

Inline initialization is not allowed against arrays declared with explicit bounds. In such
situations the only allowed syntax is the one shown in the previous code snippet.

As Byte

I
W N = —

The upper limit is enclosed in parentheses. Storing items is accomplished through indices.
(The first one is always zero.) As with assignment, you can retrieve the content of a partic-
ular item using indices:

'Outputs 2
Console.WriteLine(anExplicitBoundArrayOfByte(1).ToString)

You can also perform tasks on each element in the array using a For Each loop, as in the
following code snippet, which works the same on an array of Byte and on array of String:

For Each value As Byte In anExplicitBoundArrayOfByte
Console.WriteLine(value)

Next

For Each value As String In anArrayOfThreeStrings
Console.WriteLine(value)

Next

Another important task that you should perform when working with not explicitly bound
arrays is checking if they contain something. You can accomplish this checking if the
array is Nothing:

If anArrayOfString Is Nothing Then
'The array is not initialized
End If

This is because attempting to access a null array causes the runtime to throw an exception.

The ReDim Keyword
There are situations in which you need to increase the capacity of an array that you previ-
ously declared with explicit bounds. Let’s retake one of the previous arrays:

Dim anExplicitBoundArrayOfByte(2) As Byte
anExplicitBoundArrayOfByte(0) = 1
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anExplicitBoundArrayOfByte (1) 2
anExplicitBoundArrayOfByte(2) = 3

At runtime you might need to store an additional Byte, so in this case you should first
increase the array’s size. To accomplish this, the Visual Basic grammar provides a special
keyword named ReDim. ReDim basically redeclares an array of the same type with new
bounds. But this keyword would also clean all the previously stored items; so what if you
just need to add a new item to an existing list without clearing? Fortunately the Visual
Basic grammar provides another keyword named Preserve that is the best friend of ReDim
in such situations and enables maintaining the previously stored values, preventing clean-
ing. The following code redeclares the preceding array without cleaning previous values:

ReDim Preserve ankExplicitBoundArrayOfByte(3)

At this point you can add a new item using the new available index:

anExplicitBoundArrayOfByte(3) = 4

Notice how you do not specify again the type of the array when using ReDim.

Multidimensional Arrays

Arrays can have multiple dimensions. Generally two-dimensional (also known as
rectangular) and three-dimensional arrays are the most common situations. The follow-
ing code declares a two-dimensional array with four values, but with no explicit dimen-
sions specified:

Dim multiArray(,) As Integer = {{1, 2}, {3, 4}}

You can also specify dimensions as follows:
Dim multiArrayWithExplicitBounds(5, 1) As Integer

You cannot initialize arrays inline in the case of multidimensional arrays. You can then
access indices as follows:

multiArrayWithExplicitBounds(1, 0) = 1
multiArrayWithExplicitBounds(2, 0)
multiArrayWithExplicitBounds(1, 1) = 3

1l
N

ARRAY LITERALS

Visual Basic 2010 offers a new feature for working with both multidimensional arrays
and jagged arrays (discussed next), named Array Literals. Basically this feature enables
the compiler to infer the appropriate type for arrays. Because it requires that you are
familiar with the Local Type Inference, Array Literals are discussed in Chapter 21.
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Jagged Arrays

Jagged arrays are basically arrays of arrays and are similar to multidimensional arrays.
However, they differ because each item of a dimension is an array. Here you see examples
of jagged arrays of Integer. To declare a jagged array, you can use the following syntax:

'A 9-entry array on the left and
'an unbound array on the right
Dim firstJaggedArray(8)() As Integer

As you can see, a jagged array declaration is characterized by a double couple of parenthe-
ses. You can also declare a jagged array that is not explicitly bound, as in the following
code snippet:

Dim unboundJaggedArray() () As Integer
Although you can perform inline initializations, this coding technique could become diffi-

cult with complex arrays. Because of this, it could be more convenient declaring the array
and then assigning its indices as follows:

Dim oneIntArray() As Integer {1, 2, 3}
Dim twoIntArray() As Integer {4, 5, 6}
unboundJaggedArray = {onelIntArray, twoIntArray}

By the way, the following initialization is perfectly legal:

Dim unboundJaggedArray()() As Integer _
= {New Integer() {1, 2, 3}, New Integer() {4, 5, 6}}

As I explain in Chapter 21, the new Array Literals feature makes inline initialization easier.
You can then normally access arrays (that is, items) in a jagged array, for example,
performing a For. .Each loop:

'Returns 1 2 3456
For Each arr As Integer() In unboundJaggedArray
For Each item As Integer In arr
Console.WriteLine(item.ToString)
Next
Next

Sorting, Creating, Copying and Inspecting Arrays with the System.Array Class

As I mentioned at the beginning of this section, all arrays derive from the System.Array
class and therefore are reference types. This is an important consideration, because you
have to know how to manipulate them. System.Array provides several static and instance
members for performing tasks on arrays. Here we discuss the most important members and
methods overloads, because all of them are self-explanatory, and IntelliSense will be your
friend in showing the necessary information. First, here’s an example of an array of byte:

Dim anArrayOfByte() As Byte = New Byte() {1, 2, 3}
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In this array, bounds are not explicit. Particularly at runtime, you might need to access
array indices but to avoid IndexOutOfRange exceptions you do need to know at least the
upper bound. Just for clarification, imagine you want to perform a For. .Next loop against
an array. To accomplish this, you first need to know the bounds. The GetLowerBound and
GetUpperBound methods enable retrieving lower and upper bounds of an array, as shown
in the following code:

'Returns 0 and 2

Console.WriteLine("Lower bound {0}, upper bound {1}",
anArrayOfByte.GetLowerBound(0).ToString,
anArrayOfByte.GetUpperBound (@) .ToString)

Both methods receive as an argument the dimension of the array. This is because they can
work both on one-dimensional arrays and on multidimensional arrays. A zero dimension
means that you are working with a one-dimensional array or with the first dimension of a
multidimensional array. Another common task is about sorting arrays. There are two
methods that you can use, Sort and Reverse. As you can easily understand, Sort performs
ordering an array in an ascending way, whereas Reverse performs ordering in a descend-
ing way. Starting from the anArrayOfByte array, the following code reverses the order:

'Array now contains 3, 2, 1
Array.Reverse(anArrayOfByte)

To sort the array back, you can simply invoke the Sort method:

Array.Sort(anArrayOfByte)

Both methods perform ordering according to the IComparable (0f T) interface. You can
also search for a particular item within an array. For this purpose you can use two
methods: Index0f and BinarySearch. Both return the index of the specified item, but the
first one just stops searching when the first occurrence is found, whereas the second one
searches through the entire array but only if the array is sorted according to the imple-
mentation of the IComparable interface. Their usage is very straightforward:

'A conversion to Byte is required

'Both return 1

Dim position As Integer = Array.IndexOf(anArrayOfByte, CByte(2))

Dim position2 As Integer = Array.BinarySearch(anArrayOfByte, CByte(2))

Both methods receive an Object as the second argument. But we have an array of Byte.
Because writing just 2 tells the compiler to recognize such a number as an Integer, we
need to explicitly convert it to Byte.

NOTE ON syYSTEM.ARRAY METHODS

System.Array also provides methods that take a lambda expression as arguments.
Lambdas are discussed in Chapter 21, so this chapter does not apply them to arrays.
A quick recap is done for your convenience in the appropriate place.
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Another common task on arrays is copying. Because they are reference types, assigning an
array to another just copies the reference. To create a real copy of an array, you can take
advantage of the shared Copy method and of the instance CopyTo method. First, you need
to declare a target array. Continuing the example about the anArrayOfByte array, you
could declare the new one as follows:

'Declares an array to copy to,
'with bounds equals to the source array
Dim targetArray(anArrayOfByte.GetUpperBound(0)) As Byte

To ensure the upper bound is the same as in the original array, an invocation to the
GetUpperBound method is made. Next you can copy the array:

'Copies the original array into the target,
‘using the original length
Array.Copy(anArrayOfByte, targetArray, anArrayOfByte.Length)

Array.Copy needs you to pass the source array, the target array, and the total number of
items you want to copy. Supposing you want to perform a complete copy of the source
array, you can just pass its length. The alternative is to invoke the instance method CopyTo:

anArrayOfByte.CopyTo(targetArray, 0)

The method receives the target array as the first argument and the index where copying
must begin as the second argument. A third way for copying an array is invoking the
Clone method, which is inherited from System.0Object. Note that Copy and CopyTo provide
more granularity and control over the copy process. The last scenario creates arrays on-
the-fly. You could need to perform such a task at runtime given a number of items of a
specified type, for example when you receive several strings as the user input. The
System.Array class provides a shared method named CreateInstance, which creates a
new instance of the System.Array class. It receives two arguments: the System.Type that
the array must be of and the upper bound. For example, the following code creates a new
array of String that can store three elements:

Dim runTimeArray As Array = Array.CreatelInstance(GetType(String), 2)

PAY ATTENTION TO CREATEINSTANCE

You should use Createlnstance with care, because you can write code that is correctly
compiled but that can cause runtime errors (for example with regard to array bounds).

Because the first argument is the representation of the System.Type you want to assign to
the array, you must use the GetType keyword to retrieve information about the type. You
can assign items to each index invoking the Setvalue method, which is an instance
method. The following line of code assigns a string to the zero index of the previous array:

runTimeArray.SetValue (CStr("Test string"), 0)
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If you want to retrieve your items, simply invoke the GetValue method specifying the index:

'Returns "Test string"
Console.WriteLine(runTimeArray.GetValue(0))

Common Operators

When working with data types, you often need to perform several tasks on them.
Depending on what type you work with, the Visual Basic programming language offers
different kinds of operators, such as arithmetic operators, logical and bitwise operators,
and shift operators. In this section you learn about Visual Basic operators and how you
can use them in your own code. Let’s begin by discussing arithmetic operators that are
probably the most frequent operators you will use.

Arithmetic Operators
Visual Basic 2010 provides some arithmetic operators, listed in Table 4.11.

TABLE 4.11 Arithmetic Operators

Operator Description

+ Addition operator

- Subtraction operator

*

Multiplication operator

/ Division operator

\ Integer division operator
A Exponentiation operator
Mod Integer division remainder

The first three operators are self-explanatory, so I would like to focus on the other ones.
First, an important consideration should be done on the division operators. As shown in
Table 4.11, Visual Basic offers two symbols, the slash (/) and backslash (\). The first one
can be used in divisions between floating point numbers (such as Double and Single
types), and the second can be used only in divisions between integer numbers. This
baclslash is fast when working with integers and truncates the result in case it is a floating
point number. Basically, the backslash accepts and returns just integers. To understand this
concept, consider the following division between Doubles:

'‘Division between double: returns 2.5
Dim dblResult As Double = 10 / 4
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The result of such calculation is 2.5. Now consider the following one:

‘Division between integers: returns 2
Dim intResult As Integer = 10 \ 4

The result of this calculation is 2. This is because the \ operator truncated the result, due
to its integer nature. If you try to use such operators in a division involving floating point
numbers, the Visual Basic compiler throws an exception which is useful for avoiding
subtle errors. By the way, such an exception occurs only with Option Strict On, which
you should always set as your default choice.

SUPPORTED TYPES

The integer division operator supports the following data types: SByte, Byte, Short,
UShort, Integer, Ulnteger, Long, and ULong, that is, all numeric types that do not sup-
port a floating point.

For divisions between floating point numbers, it’s worth mentioning that divisions
between Single and Double are also allowed but this causes the compiler to perform some
implicit conversions that should be avoided. In such situations, you should just perform
an explicit conversion, as in the following code:

‘Division between Single and Double
Dim singleValue As Single = 987.654
Dim doubleValue As Double = 654.321
Dim division As Single = singleValue / CSng(doubleValue)

The next interesting operator is the exponentiation operator. A simple example follows:
Dim result As Double = 2 *~ 4 'returns 16

The exponentiation operator returns a Double value. Because of this, even if operands are
other types (such as Integer or Long), they will be always converted to Double. Behind the

scenes, the ~ operator invokes the Pow method exposed by the System.Math class. So you
could also rewrite the preceding line of code as follows:

Dim result As Double = System.Math.Pow(2,4) ‘'returns 16

The last built-in operator is Mod (which stands for Modulus) that returns the remainder of a
division between numbers. The following lines of code show an example:

‘Mod: returns 0
Dim remainder As Integer = 10 Mod 2
‘Mod: returns 1
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Dim remainder As Integer = 9 Mod 2

A typical usage of Mod is for determining if a number is an odd number. To accomplish
this, you could create a function like the following:

Function IsOdd(ByVal number As Integer) As Boolean
Return (number Mod 2) <> 0@
End Function

If the remainder is different from zero, the number is odd and therefore returns True. Mod
supports all numeric types, including unsigned types and floating point ones. The .NET
Framework offers another way for retrieving the remainder of a division, which is the
System.Math.IEEERemainnder method that works as follows:

'Double remainder
Dim dblRemainder As Double = System.Math.IEEERemainder(10.42, 5.12)

Although both Mod and IEEERemainder return the remainder of a division between
numbers, they use different formulas behind the scenes and therefore the result may differ.
According to the MSDN documentation, this is the formula for the IEEERemainder method:

IEEERemainder = dividend - (divisor * Math.Round(dividend / divisor))
This is instead the formula for the Modulus operator:

Modulus = (Math.Abs(dividend) - (Math.Abs(divisor) *
(Math.Floor(Math.Abs(dividend) / Math.Abs(divisor))))) *
Math.Sign(dividend)

You can see how calculations work differently, especially where Modulus gets the absolute
value for dividend and divisor.

SYSTEM.MATH CLASS

This section provides an overview of the arithmetic operators built into the Visual Basic
2010 programming language. The System.Math class provides lots of additional meth-
ods for performing complex calculations but this is beyond the scope here.

Assignment Operators

You can use operators shown in the previous paragraph for incremental operations.
Consider the following code:

Dim value As Double = 1

value += 1 'Same as value = value + 1
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value -= 1 'Same as value = value - 1
value *= 2 'Same as value = value * 2
value /= 2 'Same as value = value / 2
value "= 2 'Same as value = value

Dim test As String = "This is"
test &= " a string" 'same as test = test & " a string"

You can therefore abbreviate your code using this particular form when performing opera-
tions or concatenations. Also notice that += assignment operator works on strings as well.

Logical, Bitwise and Shift Operators

Visual Basic 2010 offers logical, bitwise, and shift operators. Logical operators are special
operators enabling comparisons between Boolean values and also returning Boolean
values. Bitwise and shift operators enable performing operations bit by bit. Next let’s
discuss both logical and bitwise operators.

Logical Operators

In Visual Basic 2010, there are eight logical/bitwise operators: Not, And, Or, Xor,
AndAlso,OrElse, IsFalse, IsTrue. In this subsection you learn about the first four, while
the other ones will be covered in the next subsection. The first operator, Not, basically
returns the opposite of the actual Boolean value. For example, the following lines of code
return False because although the 43 number is greater than 10, Not returns the opposite:

'Returns False
Dim result As Boolean = (Not 43 > 10)

Logical operators can also be used with reference types. For example, you can return the
opposite of the result of a comparison between objects (see section “Comparison
Operators” for details):

Dim firstPerson As New Person

Dim secondPerson As New Person

'Returns True

result = (Not firstPerson Is secondPerson)

This code returns True; the comparison between firstPerson and secondPerson returns
False because they point to two different instances of the Person class, but Not returns

the opposite. Generally you use such operators for reverting the state of an object basing
on a Boolean property. The next operator is And, which compares two Boolean values or
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expressions and returns True if both values or expressions are True; otherwise, if at least
one value is False, And returns False. Here is an example of And:

'Returns False
result = 10 > 15 and 30 > 15
'Returns True
result = 20 > 15 and 30 > 15
'Returns True
result = 20 > 15 and 15 = 15

And is also useful for comparing Boolean properties of objects. For example, you might
want to check if a text file exists on disk and that it is not zero-byte; you could write the
following code:

If My.Computer.FileSystem.FileExists("C:\MyFile.txt") = True And
My.Computer.FileSystem.ReadAllText("C:\MyFile.txt").Length > @ Then
'Valid file
End If

If both actions return True, And returns True. In our example this should mean that we
encountered a valid text file. The next operator is Or. Such an operator works like this:
if expressions or values are True, it returns True; if both are False, it returns False; and
if one of the two expressions is True, it returns True. The following code demonstrates
this scenario:

'Returns True
result = 10 > 15 or 30 > 15
'Returns True
result = 10 < 15 or 30 > 15
'Returns False
result = 10 > 15 or 30 < 15

The last operator is Xor (eXclusive Or). Such an operator compares two Boolean expressions
(or values) and returns True only if one of the two expressions is True whereas in all other
cases it returns False. Continuing the first example, Xor returns the values described
inside comments:

'Returns True
result = 10 > 15 Xor 30 > 15
'Returns False

result = 20 > 15 Xor 30 > 15
'Returns False

result = 20 > 15 Xor 15

1}
_
[é;]
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Short-Circuiting Operators

There are situations in which you do not need to perform the evaluation of the second
expression in a Boolean comparison, because evaluating the first one provides the result
you need. In such scenarios you can use two short-circuiting operators, AndAlso and OrElse.
Short-circuiting means that code execution is shorter and performances are improved.
Such operators are particularly useful when you need to invoke an external method from
within an If..Then code block. For example, let’s consider again the previous example for
the And operator:

If My.Computer.FileSystem.FileExists("C:\MyFile.txt") = True And
My.Computer.FileSystem.ReadAllText("C:\MyFile.txt").Length > @ Then
'Valid file
End If

The Visual Basic compiler performs both evaluations. What would it happen if the file does
not exists? It throws a FileNotFoundException when the ReadAllText method is invoked,
because the And operator requires both expressions to be evaluated. Of course, you should
implement error handling routines for such code, but this example is just related to opera-
tors. You can simply prevent your code from encountering the previously described
problem using AndAlso. You need to replace And with AndAlso, as in the following code:

If My.Computer.FileSystem.FileExists("C:\MyFile.txt") = True AndAlso
My.Computer.FileSystem.ReadAllText("C:\MyFile.txt").Length > @ Then
'Valid file
End If

AndAlso evaluates the first expression; if this returns False, the second expression is not
evaluated at all. In this case, if the file does not exist, the code exits from the If block.
AndAlso’s counterpart is OrElse, which evaluates the second expression only when the
first one is False. Finally, in Visual Basic there are two other operators named IsTrue and
IsFalse. The first one works in conjunction with the OrElse operator while the second one
with the AndAlso. You cannot explicitly invoke such operators in your code because it is
the job of the Visual Basic compiler invoking them within an evaluation expression. This
means that types that you want to be evaluated via OrElse or AndAlso must expose both
of them. The following is a simple sample:

Public Structure myType

Public Shared Operator IsFalse(ByVal value As myType) As Boolean
Dim result As Boolean
" Insert code to calculate IsFalse of value.
Return result

End Operator

Public Shared Operator IsTrue(ByvVal value As myType) As Boolean
Dim result As Boolean
' Insert code to calculate IsTrue of value.
Return result
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End Operator
End Structure

Bitwise Operators

Performing bitwise operations basically means performing operations with two binary
numbers, bit by bit. The problem here is that Visual Basic does not allow working directly
with binary numbers, so you need to write code against decimal or hexadecimal numbers
that the Visual Basic compiler will actually treat, behind the scenes, in their binary repre-
sentation, but you still need to write them in a comprehensible way.

CONVERTING BETWEEN DECIMAL AND BINARY

You can use the Windows calculator to perform conversions between decimal/hexadeci-
mal and binary numbers.

Bitwise operators in Visual Basic are still And, Or, Not, and Xor. But different from logical
operations, in which such operators evaluate expressions, bitwise operations are related to
bit manipulations. You might wonder why you would need to perform bitwise operations
in the era of WPE Silverlight, and other high-level technologies. You could get multiple
answers to this question, but probably the most useful one is providing the example of
applications that interact with hardware devices in which there is still the need of working
in a bit-by-bit fashion. Another common situation in Visual Basic is the combination of
Enum flags. Let’s now see some examples. The And operator combines two operands into a
result; inside such a result, it puts a 1 value where both operands have 1 in a particular
position; otherwise it puts a zero. For a better explanation, consider the following code:

Dim result As Integer = 152 And 312

The binary counterpart for 152 is 10011000, whereas the binary counterpart for 312 is
100111000. The result variable’s value is 24, whose binary counterpart is 11000. If you
observe the following representation

10011000
100111000
11000

you can notice how the third line, which represents the result of the And operation,
contains 1 only in positions in which both operands have 1. If you then convert the result
back to a decimal number, you will get 24. The Or operator works similarly: It combines
two operands into a result; inside such a result, it puts a 1 value if at least one of the
operands has a 1 value in a particular position. Consider this code:

Dim result As Integer = 152 Or 312
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Both 152 and 312 binary counterparts are the same as the previous example. The Or oper-
ator produces 110111000 as a binary output, whose decimal counterpart is 440. To under-
stand this step, take a look at this comparison:

10011000
100111000
110111000

It’s easy to see that the result contains 1 where at least one of the operands contains 1 in a
particular position. The Xor operator combines two operands into a result; inside such a
result, it puts a 1 value if at least one of the operands has a 1 value in a particular posi-
tion, but not if both have 1 in that position. (In such a case it places 0.) Consider this
bitwise operation:

Dim result As Integer = 152 Xor 312

The 152 and 312 binary counterparts are the same as in the preceding example. But this line
of code returns 416, whose binary counterpart is 110100000. So let’s see what happened:

10011000
100111000
110100000

As you can see, Xor placed 1 where at least one of the operands has 1 in a particular posi-
tion, but where both operands have 1, it placed 0. The Not operator is probably the easiest
to understand. It just reverses the bits of an operand into a result value. For example,
consider this line of code:

Dim result As Integer = Not 312
In the following comparison, the second line is the result of the preceding negation:

100111000
011000111

This result has -313 as its decimal counterpart.

BINARY NUMBERS

This book does not teach binary numbers, so the code shown in this and in the follow-
ing section assumes that you are already familiar with binary representations of deci-
mal numbers.

Shift Operators

Shift operators are also something that makes more sense with binary numbers than with
decimal or hexadecimal numbers, although you need to provide them via their decimal
representations. Basically with shift operators you can move (that is, shift) a binary repre-
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sentation left or right for the specified number of positions. The left-shift operator is <<
whereas the right-shift operator is >>. For example, consider the following Integer:

'Binary counterpart is
'101000100
Dim firstValue As Integer = 324

The binary representation for 324 is 101000100. At this point we want to left-shift such
binary for four positions. The following line accomplishes this:

'Returns 5184, which is
'1010001000000
Dim leftValue As Integer = firstValue << 4

With the left-shifting of four positions, the number 101000100 produces 1010001000000
as a result. Such binary representation is the equivalent of the 5184 decimal number,
which is the actual value of the leftvalue variable. The right-shift operator works the
same but moves positions on the right:

'Returns 20, which is
'10100
Dim rightValue As Integer = firstValue >> 4

This code moves 101000100 for four positions to the right, so the binary result is 10100.
Its decimal equivalent is then 20, which is the actual value of the rightvalue variable.

SUPPORTED TYPES

Shift operators support Byte, Short, Integer, Long, SByte, UShort, UInteger and
ULong data types. When using shift operators with unsigned types, there is no sign bit
to propagate and therefore the vacated positions are set to zero.

Concatenation Operators

As in the previous versions, Visual Basic 2010 still offers concatenation operators that are
the + and & symbols. The main difference is that the + symbol is intended for numeric
additions, although it can works also with strings; the & symbol is instead defined only
for strings, and it should be preferred when concatenating strings so that you can avoid
possible errors. Listing 4.2 shows an example of concatenation.

LISTING 4.2 Concatenation Operators

Module ConcatenationOperators
Sub ConcatenationDemo ()
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Dim firstString As String = "Alessandro"
Dim secondString As String = "Del Sole"

Dim completeString As String = firstString & secondString

'The following still works but should be avoided
'Dim completeString As String = firstString + secondString

End Sub
End Module

Comparison Operators

As in its predecessors, Visual Basic 2010 still defines some comparison operators. Typically
comparison operators are of three kinds: numeric operators, string operators, and object
operators. Let’s see such operators in details.

Numeric Comparison Operators
You can compare numeric values using the operators listed in Table 4.12.
TABLE 4.12 Numeric Comparison Operators

Operator Description

= Equality operator

<> Inequality operator

< Less than

> Greater than

<= Less than or equal to
>= Greater than or equal to

Such operators return a Boolean value that is True or False. The following code snippet
shows an example. (Comments within the code contain the Boolean value returned.)

Sub NumericOperators()

Dim firstNumber As Double = 3
Dim secondNumber As Double = 4
Dim comparisonResult As Boolean = False

'False
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comparisonResult = (firstNumber = secondNumber)
'True
comparisonResult = (secondNumber > firstNumber)
'False
comparisonResult = (secondNumber <= firstNumber)
'True
comparisonResult = (secondNumber <> firstNumber)
End Sub

String Comparison Operators
String comparison was discusses in the section “Working with Strings,” so refer to that topic.

Objects Comparison Operators: Is, IsNot and TypeOf

You can compare two or more objects to basically understand if they are or point to the
same instance or what type of object you are working with. Basically there are three opera-
tors for comparing objects: Is, IsNot, and TypeOf. Is and IsNot are intended to under-
stand if two objects point to the same instance. Consider the following code:

Dim firstPerson As New Person
Dim secondPerson As New Person

'Returns True, not same instance
If firstPerson IsNot secondPerson Then

End If

'Returns False, not same instance
If firstPerson Is secondPerson Then

End If

'Returns True, same instance
Dim onePerson As Person = secondPerson
If secondPerson Is onePerson Then

End If

firstPerson and secondPerson are two different instances of the Person class. In the first
comparison, IsNot returns True because they are two different instances. In the second
comparison, Is returns False because they are still two different instances. In the third
comparison, the result is True because you may remember that simply assigning a refer-
ence type just copies the reference to an object. In this case, both secondPerson and
onePerson point to the same instance. The last example is related to the TypeOf operator.
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Typically you use it to understand if a particular object has inheritance relationships with
another one. Consider the following code snippet:

'Returns True
Dim anotherPerson As Object = New Person
If TypeOf anotherPerson Is Person Then

End If

We have here an anotherPerson object of type Object, assigned with a new instance of
the Person class. (This is possible because Object can be assigned with any .NET type.) The
TypeOf comparison returns True because anotherPerson is effectively an instance of
Person (and not simply object). TypeOf is useful if you need to check for the data type of a
Windows Forms or WPF control. For example, a System.Windows.Controls.Button control
in WPF inherits from System.Windows.Controls.FrameworkElement and then TypeOf x is
FrameworkElement returns True.

OPERATORS PRECEDENCE ORDER

Visual Basic operators have a precedence order. For further information, refer to the
MSDN Library: http://msdn.microsoft.com/en-us/library/fw84t893(VS.100).aspx.

Iterations, Loops, and Conditional Code Blocks

Hundreds of programming techniques are based on loops and iterations. Both loops and
iterations basically enable the repetition of some actions for a specific number of times or
when a particular condition is True or False. All these cases are discussed next.

Iterations

Iterations in Visual Basic 2010 are performed via For. .Next and For Each loops. Let’s
analyze them more in details.

For..Next

A For. .Next loop enables repeating the same action (or group of actions) for a finite
number of times. The following code shows an example in which the same action (writing
to the Console window) is performed 10 times:

For i As Integer = 1 To 10
Console.WriteLine("This action has been repeated {0} times", i)
Next

In such loops you need to define a variable of a numeric type (i in the preceding
example) that acts as a counter.


http://msdn.microsoft.com/en-us/library/fw84t893(VS.100).aspx
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TIP

You may also assign the variable with another variable of the same type instead of
assigning a numeric value.

The above code produces the following result:

times
times

This action has been repeated 1

This action has been repeated 2

This action has been repeated 3 times
This action has been repeated 4 times
This action has been repeated 5 times
This action has been repeated 6 times
This action has been repeated 7 times
This action has been repeated 8 times
This action has been repeated 9 times
This action has been repeated 10 times

Notice that you can also initialize the counter with zero or with any other numeric value.

TIP

Use Integer or UInteger variables as counters in For. .Next loops. This is because
such data types are optimized for the Visual Basic compiler. Other numeric types are
also supported but are not optimized, so you are encouraged to always use Integer
or UInteger.

You can also decide how the counter must be incremented. For example, you could decide
to increment the counter of two units instead of one (as in the previous example). This
can be accomplished via the Step keyword:

For i As Integer = 1 To 10 Step 2
Console.WriteLine("Current value is {0}", i)
Next

This code produces the following output:

Current value is
Current value is
Current value is
Current value is
Current value is 9

N O W =

Step can also work with negative numbers and allows performing a going-back loop:

For i As Integer = 10 To 1 Step -2
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Console.WriteLine("Current value is {0}", 1i)
Next

You can also decide to break a For loop when a particular condition is satisfied, and you
do not need to still perform the iteration. This can be accomplished with the Exit For
statement, as shown in the following example:

For i As Integer =1 To 10
Console.WriteLine("Current value is {0}", 1i)
If i = 4 Then Exit For

Next

In the preceding example, when the counter reaches the value of 4, the For loop is inter-
rupted and control is returned to the code that immediately follows the Next keyword.
There is also another way for controlling a For loop; there could be situations in which
you need to pass the control directly to the next iteration of the loop when a particular
condition is satisfied (which is the opposite of Exit For). This can be accomplished with
the Continue For statement, as shown in the following code snippet:

For i As Integer = 1 To 10
If i = 4 Then 'Ignore the 4 value
i +=1 'Increments to 5
Continue For 'Continues from next value, that is 6
End If
Console.WriteLine("Current value is {0}", i)
Next

In the preceding example we are doing some edits on the counter. Notice that each time
you invoke a Continue For, the counter itself is incremented one unit.

For Each

A For Each loop allows performing an action or a group of actions on each item from an
array or a collection. Although collections are discussed in Chapter 16, it is a good idea to
provide a code example with them, because this is the typical usage of a For Each loop.
For example, consider the following code:

'A collection of Process objects
Dim procList As List(Of Process) = Process.GetProcesses.ToList

For Each proc As Process In proclList
Console.WritelLine(proc.ProcessName)
Console.WriteLine(" " & proc.Id)

Next

In the preceding code snippet, there is a collection containing references to all the
running processes on the machine. Each process is represented by an instance of the
System.Diagnostics.Process class; therefore List (0Of Process) is a collection of
processes. Supposing we want to retrieve some information for each process, such as the
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name and the identification number, we can iterate the collection using a For Each state-
ment. You need to specify a variable that is the same type of the item you are investigat-
ing. In the preceding code you are just performing reading operations, but you can also
edit items’ properties. For example, you might have a collection of Person objects, and
you could retrieve and edit information for each Person in the collection, as in the
following code:

'A collection of Person objects

Dim people As New List(Of Person)

'Populate the collection here..

For Each p As Person In people
p.LastName = "Dr. " & p.LastName
Console.WritelLine(p.LastName)

Next

This code will add the Dr. prefix to the LastName property of each Person instance.

FOR. .EACH AVAILABILITY

Behind the scenes, For Each can be used against objects that implement the
IEnumerable or IEnumerable (Of T) interfaces. Such objects expose the enumerator
that provides support about For Each iterations.

You can still use Exit For when you need to break out from a For Each statement.
Basically a For Each loop has better performances with collections than with arrays, but
you have to know that you can use it in both scenarios.

Loops

As in the previous versions of the language, Visual Basic 2010 offers two kinds of loops:
Do..Loop and While..End While. In this section we take a look at both loops.

Do..Loop

The Do. .Loop is the most used loop in Visual Basic and the most flexible. Basically such a
loop can have two behaviors: repeating a set of actions until a condition is false and
repeating a set of actions until a condition is true. The first scenario is accomplished using
a Do While statement, as demonstrated in Listing 4.3.

LISTING 4.3 Performing a Do While Loop

Sub LoopWhileDemo()
Dim max As Integer = 0
Do While max < Integer.MaxValue
max += 1
'Do something else here
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If max = 7000000 Then Exit Do
Loop
Console.WriteLine("Done: " & max.ToString)
End Sub

The code is quite easy: Whereas the value of max is less than the maximum value of the
Integer type, increment max itself is one unit. Do While evaluates a False condition. (The
loop goes on because max is less than Integer.MaxValue.) The code also demonstrates how
you can exit from a loop using an Exit Do statement. This passes the control to the next
statement after the Loop keyword. The other scenario is when you need to evaluate a True
condition. This can be accomplished via a Do Until loop. Listing 4.4 demonstrates this.

LISTING 4.4 Demonstrating a Do Until Loop

Sub LoopUntilDemo()
Dim max As Integer = 0
Do Until max = Integer.MaxValue
max += 1

If max = 7000000 Then Exit Do
Loop
Console.WriteLine("Done: " & max.ToString)
End Sub

The difference here is that the loop ends when the condition is True, that is, when the
value of max equals the value of Integer.MaxValue. Same as before, Exit Do can end the
loop. The interesting thing in both cases is that you can evaluate the condition on the
Loop side instead of the Do one. Listing 4.5 shows how you could rewrite both examples.

LISTING 4.5 Evaluating Conditions on the Loop Line

'Loop is executed at least once
Sub LoopUntilBottomDemo ()
Dim max As Integer = 0
Do
max += 1
If max = 7000000 Then Exit Do
Loop Until max = Integer.MaxValue
Console.WriteLine("Done: " & max.ToString)
End Sub

'Loop is executed at least once
Sub LoopWhileBottomDemo ()

Dim max As Integer = 0

Do
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max += 1
If max = 7000000 Then Exit Do
Loop While max < Integer.MaxValue
Console.WriteLine("Done: " & max.ToString)
End Sub

Both loops behave the same way as previous ones, with one important difference: Here
the loop is executed at least once.

PERFORMANCE TIPS

Basically the For loops are faster than Do ones. Because of this you should prefer For
loops particularly when you know that you will do a finite number of iterations.

While..End While
A While..End While loop performs actions when a condition is False. Listing 4.6 shows
an example.

LISTING 4.6 While..End While Loop

Sub WhileEndWhileDemo ()
Dim max As Integer = 0
While max < Integer.MaxValue
max += 1

If max = 7000000 Then Exit While
End While
Console.WriteLine("Done: " & max.ToString)
End Sub

Basically the loop behaves the same as Do While, because both evaluate the same condition.

NOTE

The While..End While loop is less efficient than a Do While and is deprecated,
although it is still supported. You should then always prefer a Do While loop.

Conditional Code Blocks

If..Then..Else

The If..Then..Else is the most classical block for conditionally executing actions. An If
evaluates an expression as True or False and according to this allows specifying actions to
take. Listing 4.7 shows an example.
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LISTING 4.7 Demonstrating the If..Then..Else Block

Sub IfThenElseDemo()
Console.WriteLine("Type a number")
"Assumes users type a valid number
Dim number As Double = CDbl(Console.ReadlLine)

If number >= 100 Then
Console.WriteLine("Your number is greater than 100")
ElseIf number < 100 And number > 50 Then
Console.WriteLine("Your number is less than 100 and greater than 50")
Else
'General action
Console.WriteLine("Your number is: {0}", number)
End If
End Sub

If checks if the condition is True; if so, it takes the specified action. Of course you can also
specify to evaluate a condition for False (for example, If something = False Then). You
can also use an ElseIf to delimit the condition evaluation. If no expression satisfies the
condition, the Else statement provides an action that will be executed in such a situation.

CODING TIP

The Visual Studio 2010 IDE introduces a new important feature, which is known as
code blocks delimiters selection. Because you can nest different If..Then blocks or
you can have a long code file, when you place the cursor near either the If/Then key-
words or near the End If statement, the IDE highlights the related delimiter (End If,
if you place the cursor on an If and vice versa).

Notice how the code uses an And operator to evaluate the condition. You can, of course,
use other operators such as logical and short-circuit operators as well. Another typical
example is when you need to check if a condition is false using the Not operator. The
following is an example:

If Not number >= 100 Then
"Number is False
End If

Not also requires the same syntax when working with reference types but in this case you
can also use the IsNot operator. The following example checks if the instance of the
Person class is not null:

Dim p As Person 'p is actually null
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'You can check with IsNot
If p IsNot Nothing Then
'p is not null
Else
'p is null
End If

IsNot is not available with value types.

Select Case

Select Case is a statement that allows evaluating an expression against a series of values.
Generally Select Case is used to check if an expression matches a particular value in situ-
ations evaluated as True. Listing 4.8 provides an example.

LISTING 4.8 Using the Select Case Statement for Evaluating Expressions

Sub SelectCaseDemo()
Console.WriteLine("Type a file extension (without dot):")
Dim fileExtension As String = Console.ReadLine

Select Case fileExtension.ToLower
Case Is = "txt"
Console.WriteLine("Is a text file")
Case Is = "exe"
Console.WriteLine("Is an executable")
Case Is = "doc"
Cconsole.WriteLine("Is a Microsoft Word document")
Case Else
Console.WriteLine("Is something else")
End Select
End Sub

The code in Listing 4.8 simply compares the string provided by the user with a series of
values. If no value matches the string, a Case Else is used to provide a general result.
Comparison is performed with the Is operator and the equality operator. The following
syntax is also accepted:

Case "txt"

IntelliSense adds by default the Is = symbology that is definitely clearer. You can also
break from a Select Case statement in any moment using an Exit Select statement.
Select. .Case also offers another syntax to apply when you want to check if a value falls
within a particular range. To accomplish this you use the To keyword instead of the Is =
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operators, like in the following code that waits for the user to enter a number and then
checks what range the number falls in:

Console.WriteLine("Enter a number from 1 to 50:")
Dim result As Integer = CInt(Console.ReadLine)
Select Case result
'The user entered a number in the range from 1 to 25
Case 1 To 25
Console.WriteLine("You entered {0} which is a small number",
result.ToString)
'The user entered a number in the range from 26 to 50
Case 26 To 50
Console.WriteLine("You entered {0} which is a high number",
result.ToString)
'The user entered a number < 1 or > 50
Case Else
Console.WriteLine("You entered a number which is out of range")
End Select

In other words, considering the preceding example, Case 1 To 25 means: in case the
value to check is in the range between the left value (1) and the right value (25), then take
the nested action.

CODING TIP

For the If..End If block, the code blocks delimiters selection feature is also avail-
able for Select..End Select blocks.

PERFORMANCE TIPS

The Visual Basic compiler evaluates expressions as a sequence. Because of this, in
Select Case statements it evaluates all conditions until the one matching the value is
found. Consequently, the first Case instructions in the sequence should be related to
values considered the most frequent.

Constants

Constants provide a way for representing an immutable value with an identifier. There
could be situations in which your applications need to use the same value (which can be
of any .NET type); therefore, it can be convenient to define an easy-to-remember identifier
instead of a value. What would happen if such a value were a Long number? You declare
constants as follows:

Const defaultIntegerValue As Integer = 123456789
Const aConstantString As String = "Same value along the application"

Constants are basically read-only fields that can be declared only at the module and class
level or within a method and must be assigned with a value when declared. Constants
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within methods have public visibility by default, whereas constants at the module and
class level can have one of the .NET scopes, as in the following lines:

Private Const defaultIntegerValue As Integer = 123456789
Public Const aConstantString As String= "Same value along the application"

The reason why constants must be assigned when declared is that the expression is evalu-
ated at compile time. Starting from Visual Basic 2008, there are a couple of things to
consider. Look at the following line of code:

Private Const Test = "Test message"

The type for the Test variable is not specified. Until Visual Basic 2005, with Option
Strict Off such a declaration would assign Object. In Visual Basic 2008 and 2010, if
Option Infer is On, the compiler assigns String whereas if it is 0ff, the compiler goes
back assigning Object.

With..End With statement

Visual Basic provides an alternative way for invoking object members that is the
With..End With statement. Consider the following code block, in which a new Person
class is instantiated and then properties are assigned while methods are invoked:

Dim p As New People.Person
p.FirstName = "Alessandro"
p.LastName = "Del Sole"

Dim fullName As String = p.ToString

Using a With..End With statement you just need to specify the name of the class once and
then simply type a dot so that IntelliSense shows up members that you can use, as follows:

Dim p As New People.Person
With p
.FirstName = "Alessandro"
.LastName = "Del Sole"
Dim fullName As String = .ToString
End With

There is no difference between the two coding techniques, so feel free to use the one you
like most. With..End With just offers the advantage of speeding the code writing up a
little and can be useful if you have a lot of members to invoke or assign at one time.

WITH..END WITH NOTE

With..End With has no equivalent in other .NET languages, so if you have to interop-
erate it could be a good idea assigning members the normal way. Although the compiler
translates the With..End With blocks as single members’ invocations, in such scenar-
ios the best approach is a .NET-oriented coding style more than a VB-oriented one.
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Summary

Every development environment relies on data types. Basically the .NET Framework relies
on two kinds of data types: value types and reference types. Both kinds of types are
managed by the Common Type System, which provides a common infrastructure to .NET
languages for working with types. In this chapter you learned the important basics of the
.NET development and the Visual Basic language, which can be summarized as follows:

» Common Type System

» Value types and reference types

» System.Object and inheritance levels in value types and reference types
» Memory allocation of both value types and reference types

» Converting between types and conversion operators

» Most common value types and reference types

» Common operators

You often need to work with and analyze data types. Visual Basic 2010 provides several
ways for performing work on types and data they store. To accomplish this you can use

» Iterations, such as For..Next and For. .Each
» Loops, such as Do..Loop
» Conditional code blocks, such as If..End If and Select Case..End Select

It's important to understand all the preceding features because they often recur in your
developer life; these features appear extensively in the rest of the book. But you also might
encounter errors when working with types. The next two chapters discuss two fundamen-
tal topics in the .NET development with Visual Basic: debugging and handling errors.



CHAPTER 5

Debugging Visual Basic
2010 Applications

Debugging is one of the most important tasks in your
developer life. Debugging enables you to investigate for
errors and analyze the application execution flow over an
object’s state. Visual Studio 2010 offers powerful tools for
making debugging an easier task. In this chapter you get
details about the Visual Studio instrumentation, and you
also learn how to make your code suitable to interact better
with the debugger. Remember that some improvements
introduced by Microsoft to the 2010 edition are specific to
particular technologies (such as WPF or the Task Parallel
Library) and therefore will eventually be described in the
appropriate chapters. In this chapter you find information
regarding the generality of Visual Basic applications. Chapter
2, “Getting Started with the Visual Studio 2010 IDE,”
provides an overview of the most common debugging tasks
whereas in this chapter you learn about more advanced
debugging tools and techniques available in the IDE. Be sure
you read Chapter 2 before going on with this one.

Preparing an Example

Most debugging features illustrated in this chapter require
some code before you can use them. At the moment we are
more interested in the Visual Studio 2010 instrumentation
than in complex code, so we start with a simple code
example that is a good base for understanding how the
debugger works. Therefore, you can create a new Visual
Basic project for the Console and then type the code, as
shown in Listing 5.1.

IN THIS CHAPTER

» Quick Recap: Debugging
Overview

» Preparing an Example

» Debugging Instrumentation

» Debugger Visualizers

» Debugging in Code
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LISTING 5.1 Preparing the Base for the Debugger

Module Modulet

Sub Main()

Console.WriteLine("Enter a valid string:")
Dim lineRead As String = Console.ReadlLine()

Dim result As Boolean = Test(lineRead)

Console.WriteLine("Is a valid string: " & result.ToString)
Console.ReadLine()
End Sub

Function Test(ByVal name As String) As Boolean
If String.IsNullOrEmpty(name) = False Then
Return True
Else
Return False
End If
End Function
End Module

The code is quite simple. The application just asks the user to enter a string and then
returns False if the string is null or is empty, whereas it returns True if the string is valid.
With such simple code you can now begin learning the advanced debugging instrumenta-
tion available in Visual Studio 2010.

Debugging Instrumentation

The Visual Studio 2010 IDE offers several powerful tools for deeply debugging applica-
tions. Such tools are part of the development environment instrumentation and are
discussed in this section.

Debugging in Steps

When the application execution breaks, for example when the debugger finds a break-
point, you can usually continue to execute the application running just one line of code
per time or a small set of lines of code per time. In Chapter 2, you learned about the Step
Into command; in this section we discuss other similar commands that cause different
debugger behaviors.
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HOW CAN | EXECUTE SUCH TECHNIQUES?

Debugging techniques described in this section can be accomplished by invoking com-
mands available in the Debug menu of Visual Studio 2010. In the meantime, shortcuts
are available for invoking the same commands using the keyboard. These are provided
when discussing each command.

Step Into

The Step Into command executes one instruction per time. It is similar to Step Over, but if
the instruction to be executed is a method, the method is executed one instruction per
time and, when finished, the execution goes back to the caller. You can invoke Step Into
by pressing F11.

NOTE ON KEYBOARD SHORTCUTS

The keyboard shortcuts utilized in this chapter assume that you are using the Visual
Studio default keyboard layout and can vary depending on the IDE configuration settings.
The Debug menu shows the appropriate keyboard shortcuts for your active configuration.

Step Over

Similarly to Step Into, Step Over executes one instruction per time. The difference is that if
the instruction to be executed is a method, the debugger does not enter the method and
completes its execution before going back to the caller. You can invoke Step Over by press-
ing F10. This can be useful when you need to debug a portion of code that invokes several
methods that you already tested and that you do not need to delve into each time.

Step Out

Step Out works only within methods and enables executing all lines of code next to the
current one, until the method completes. If you consider the code shown in Listing 5.1
and place a breakpoint on the If statement inside the Test method definition, invoking
Step Out can cause the debugger to execute all the lines of code next to the If, completing
the execution of the method. In such an example, after Step Out completes, the control is
returned to the second Console.Writeline statement in Sub Main. You can invoke Step
Out by pressing Shift+F11.

Run to Cursor

You can place the cursor on a line of code, right-click the line of code, and tell the debug-
ger to execute all the code until the selected line. This can be accomplished by selecting
the Run to Cursor command on the pop-up menu.

Set Next Statement

Within a code block, you can set the next statement to be executed when resuming the
application execution after a breakpoint or a stop. Continuing the previous code example,
if you place a breakpoint on the first Console.Writeline statement, inside the Main
method, the application stops the execution at that point. Now imagine you want the
debugger to resume debugging from the second Console.Writeline statement (therefore
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skipping the debugging of the Test method invocation), executing the lines of code before.
You can just right-click the Console.Writeline statement and select Set Next Statement
from the pop-up menu, and this line will be the first that you can step through.

Show Next Statement

This command moves the cursor to the next executable statement. This can be useful if
you have long code files, and breakpoints are not immediately visible. You can invoke it
simply by right-clicking the code editor and choosing the Show Next Statement
command from the pop-up menu.

Mixed Mode Debugging

You can debug Visual Basic applications built upon both managed and native code with
the Mixed Mode feature. In the previous versions of the environment, this feature was
only available for 32-bit applications while now it is available also for 64-bit applications.
To enable mixed-mode debugging, follow these steps:

1. In Solution Explorer, select the project you want to debug.
2. Open My Project and select the Debug tab.
3. Select the Enable Unmanaged Code Debugging checkbox.

“Just My Code” Debugging

You may remember from Chapter 2 and Chapter 3, “The Anatomy of a Visual Basic
Project,” that every time you create a Visual Basic application the IDE generates some
background code. Moreover, your code often invokes system code that you do not neces-
sarily need to investigate. Starting from Visual Basic 2005, and then also in Visual Basic
2010, the IDE offers the capability of debugging just your own code, excluding system and
auto-generated code. This feature is also known as Just My Code debugging. This is useful
because you can focus on your code. Just My Code is enabled by default in Visual Studio
2010. To disable it or enable it, you simply need to open the Options window, select the
Debugging node on the left, and then flag or unflag the Enable Just My Code (Managed
Only) check box, as shown in Figure 5.1.

Behind the scenes, Just My Code adds (or removes) some .NET attributes to auto-generated
code that can influence the debugger behavior. To see a simple example, open or create a
project and then click the Show All Files button in Solution Explorer. After doing this, go
to the Settings.designer.vb code file. Listing 5.2 shows the content of the My namespace
definition inside the file.

LISTING 5.2 Understanding Just My Code Behind the Scenes
Namespace My
<Global.Microsoft.VisualBasic.HideModuleNameAttribute(), _

Global.System.Diagnostics.DebuggerNonUserCodeAttribute(), _
Global.System.Runtime.CompilerServices.CompilerGeneratedAttribute()> _
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FIGURE 5.1 Enabling/disabling Just My Code debugging.

Friend Module MySettingsProperty

<Global.System.ComponentModel.Design.HelpKeywordAttribute("My.Settings")> _
Friend ReadOnly Property Settings() As
Global.DebuggingFeatures.My.MySettings
Get
Return Global.DebuggingFeatures.My.MySettings.Default
End Get
End Property
End Module
End Namespace

You can notice that the module MySettingsProperty is decorated with a particular
attribute named System.Diagnostics.DebuggerNonUserCodeAttribute. This attribute indi-
cates to the debugger that the code is not your code (user code) and it will not be
debugged when Just My Code is on. Basically three attributes influence the debugger’s
behavior in this feature. Table 5.1 shows the complete list.

TABLE 5.1 Just My Code Attributes
Attribute Description

DebuggerNonUserCode Indicates to the debugger that the code is not user code and therefore
is treated as system code

DebuggerHidden Indicates to the debugger that code will not be visible at all to the
debugger and therefore excluded from debugging

DebuggerStepThrough Indicates to the debugger that the Step Into procedure is not allowed
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Of course, you can use attributes of your own so that you can influence the behavior of
the debugger when Just My Code is disabled.

Working with Breakpoints and Trace Points

In Chapter 2 we introduced breakpoints and saw how we can break the application execu-
tion before some statements are executed. In Visual Studio 2010, breakpoints are more
powerful than in the previous versions of the IDE. We now discuss some interesting
features of breakpoints when debugging Visual Basic applications.

The Breakpoints Window

Using the Breakpoints window you can manage all breakpoints in your solution. You can
open such a window by pressing Ctrl+Alt+B. Supposing we placed three breakpoints in
our sample application, Figure 5.2 shows how the Breakpoints window looks.

FIGURE 5.2 The Breakpoints window.

In the Breakpoints window you can easily manage your breakpoints. For example, you
could delete, temporarily disable, or enable again the breakpoints. You can also specify the
behavior for each breakpoint, such as Hit count, Filter, and other functionalities that we
describe next. Also, you can easily switch to the source code in which the breakpoint is
located or to the disassembly view. (See Figure 5.9 in the “Call Stack Window” section
later in this chapter.) An important opportunity is exporting and importing breakpoints;
Visual Studio 2010 can export to Xml files the list of breakpoints or import a list from an
Xml file. If you have lots of breakpoints, you can search breakpoints according to specific
criteria using the Label feature that we focus on next. Basically the Breakpoints window
provides a graphical unified instrument for performing operations on breakpoints. We
now discuss these operations.

Editing Breakpoints Labels

Visual Studio 2010 enables adding labels to breakpoints. Labels are a kind of identifier that
can identify more than one breakpoint, and their purpose is categorizing breakpoints so
that you can easily find and manage them within the Edit Breakpoint Label window. You
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can add a label to a breakpoint from the Edit Breakpoint Label window or by right-click-
ing the red ball on the left of the desired breakpoint in the code editor and then selecting
the Edit Labels command from the pop-up menu. The Edit Breakpoint Labels window is
shown in Figure 5.3.

FIGURE 5.3 The Edit Breakpoint Labels window enables categorizing breakpoints.

You simply need to specify labels and click Add. When you finish, select the label you
want from the list and click OK so that the label is assigned to the breakpoint. You can
assign the same label to multiple breakpoints performing the same steps or you can assign
multiple labels to a single breakpoint. Assigning labels to breakpoints can be reflected into
the Breakpoints window in which you can search for breakpoints specifying labels in the
search box.

Location

You can change the position of a breakpoint by right-clicking the breakpoint and then
selecting the Location command from the pop-up menu. In the appearing dialog you
need to specify the line of code and character position in which you want the breakpoint
to be moved to. This can be useful because you can move a breakpoint without losing
breakpoint settings.

Hit Count

With the hit term we mean each time a breakpoint is encountered and therefore the appli-
cation execution should stop. You can control the hit’s behavior. For example, imagine
you have a cyclic code that contains a breakpoint, but you need to break the execution
only when the cycle arrives at a particular point. By using the Hit Count command, you
can specify when the debugger must break the application. For example, consider the
following code snippet:

For i As Integer = 0 To 3
Console.WriteLine("Breakpoint test")
Next
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Imagine you place a breakpoint on the Console.WriteLine statement and that you want
the debugger to break only starting from the second iteration. You can specify this condi-
tion by right-clicking the breakpoint and then selecting the Hit Count command. In the
Breakpoint Hit Count dialog you need to specify the condition. The default setting is
always break, which means that the debugger breaks the execution each time a breakpoint
is encountered. For our example, set the condition as Break When the Hit Count Is
Greater Than or Equal To with value 2. Figure 5.4 shows the Hit Count window.

FIGURE 5.4 The Breakpoint Hit Count window enables customizing breakpoints’ behavior.

With this setting, the above code would break on the second iteration. It can be conve-
nient when you need to debug your code only from a certain point.

When Hit

When Hit enables specifying a tracepoint. The difference between a breakpoint and a
tracepoint is that in this second case the debugger will not break the execution of the
application and writes the information that you specify in the Output window. To set a hit
condition, right-click a breakpoint and then select the When Hit command from the pop-
up menu. This opens the When Breakpoint Is Hit window, which is shown in Figure 5.5.

FIGURE 5.5 Specifying tracepoint conditions.
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You can set one of the special expressions indicated in the window to build a kind of log
message that will be written to the Output window. A tracepoint is highly customizable,
so you can also specify a Visual Basic macro and decide whether the execution needs to
continue. This feature is useful when you prefer getting a log message about the applica-
tion state instead of breaking the execution.

Condition

Such a command enables specifying whether a breakpoint must be hit or not depending if
the supplied expressions are evaluated to True or get changed. Information on conditions
is provided by the following page of the MSDN Library: http://msdn.microsoft.com/en-
us/library/za56x861(VS.100).aspx. When a condition is set, the debugger then steps into
the Hit Count tool.

Locals Window

The Locals window shows the active local variables and their values. Considering the
example in Listing 5.1, when stepping into the Main method the Local window shows
information about lineRead and result variables, as shown in Figure 5.6.

FIGURE 5.6 The Locals window shows information on local variables.

As you can see, the window shows names of the local variables, their types (in our
example Boolean and String), and their actual values. When a variable is not initialized
yet, the window shows the default value (for example, Nothing for reference types and
zero for Integers). Moreover, if a variable represents an object such as a class or a collec-
tion, the variable can be expanded to show members and their values. You can also
change variables’ values by double-clicking each one. Some variables cannot be viewed
without executing code, such as in-memory queries (although they can be still viewed but
the IDE will run the code in memory in order to be able to display the results).

Command Window

The Command window enables evaluating expressions or running functions without
running the application or continuing the debug. Figure 5.7 shows the Command window
evaluating an Integer.Parse statement and an invocation to our Test method.


http://msdn.microsoft.com/en-us/library/za56x861(VS.100).aspx
http://msdn.microsoft.com/en-us/library/za56x861(VS.100).aspx
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FIGURE 5.7 The Command window enables evaluating expressions and functions.

This can be useful, because we do not need to run our application to see if a method
works, and we could also evaluate complex expressions before writing code. Just remem-
ber that only functions are allowed whereas procedures are not supported. Expressions can
be constituted by several .NET objects and Visual Basic keywords, but not all of them are
supported. You can get a complete list of supported keywords and expressions from the
related MSDN web page available at this address: http://msdn.microsoft.com/en-
us/library/099a40t6(VS.100).aspx. To evaluate an expression or test a function, you need
to first write a question mark (?) symbol. Using a double question (??) mark causes the
debugger to open a Quick Watch window, which is discussed later in this chapter. It is
worth mentioning that the ? symbol works when either in debug mode or not, while the
?? symbol requires the IDE to be already in debug mode.

Call Stack Window

The Call Stack window shows the method calls stack frame. In other words, you can see
how methods call run in the stack. The window can show the programming language that
the method is written with and can also display calls to external code. By default, the Call
Stack window shows information about Just My Code. To understand methods calls, press
F11 to step into the code. Figure 5.8 shows the Call Stack window related to Listing 5.1.

FIGURE 5.8 The Call Stack window shows methods calls in the Stack.


http://msdn.microsoft.com/en-us/library/za56x861(VS.100).aspx
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As you can see, the window shows the names of methods being executed and the
programming language they were written with. Moreover, calls to .NET Framework system
methods are shown. Another interesting feature is that you can see the assembly code for
code execution. Right-click the window and select the Go to Disassembly command from
the pop-up menu. As shown in Figure 5.9, you can see Visual Basic lines of code and the
related underlying assembly code that you can step into by pressing F11.

FIGURE 5.9 The assembly code execution shows in Call Stack.

You can also customize what kind of information you want to visualize by expanding the
View Options control. This feature provides great granularity on what’s happening behind
the scenes and allows understandings if methods calls are executed correctly. You can
invoke the Call Stack window also pressing Ctrl+Alt+C.

THREADS AND CALL STACK

The Call Stack window can show information only on the current thread. Therefore,
methods calls on other threads are ignored by the window.

Watch Windows

Watch windows enable monitoring object variables or expressions so that you can track
what a variable is doing. There are four Watch windows available so that you can track
different objects or expressions. To add items to a Watch window, when in break mode
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right-click the object in the code editor and then select the Add Watch command from
the pop-up menu. Continuing our example of Listing 5.1, imagine you want to keep track
of the Test method state. Run the application in Step Into mode by pressing F11. When
the debugger breaks the application execution, right-click the Test method definition and
then click Add Watch. The method is considered as an expression. The first available
Watch window is shown and contains the Test item but advertising that no argument has
been supplied, as shown in Figure 5.10.

FIGURE 5.10 Adding an expression to a Watch window.

If you continue stepping into the code, you notice that when the debugger begins step-
ping into the Test method the expression will be first evaluated as False. (This is the
default value for Boolean.) When the code completes the execution, the Watch window
contains the actual evaluation of the expression; in our example, if the user writes a valid
string in the Console window, the expression will be evaluated as True, as shown in
Figure 5.11.

In this way you can control if your variables or methods are correctly executed.

Quick Watch Window

The Quick Watch window is an additional Watch window that enables quickly evaluating
one expression or variable per time, choosing between items you previously added to
Watch windows or right-clicking an object in the code editor and then selecting the Quick
Watch command. In this scenario, the expression or variable is evaluated considering its
state at the moment that you request the Quick Watch to appear. Figure 5.12 shows the
Quick Watch window.

You can pick an expression from the Expression combo box. When you choose the expres-
sion, you can click Reevaluate to run the evaluation. Just remember that this dialog is a
modal dialog and therefore you need to close it before you can go back to Visual Studio.
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FIGURE 5.11 Evaluation of the expression is completed within the Watch window.

FIGURE 5.12 The Quick Watch window.

Threads Window

.NET applications can run multiple threads. This can happen also with your applications.
You can get a view of the running threads and debugging threads within the Threads
window, which you can enable by pressing Ctrl+Alt+H. Figure 5.13 shows the Threads
window open when the sample application is in break mode.
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FIGURE 5.13 The Threads window.

The window shows a list of running threads and enables stepping into the call stack for
the various threads. If the source code is available for threads different than the current
one, you can step into this code. In our example the main thread is the Console applica-
tion that is marked green. You can also organize and filter the view, search within the Call
Stack, and get information on the thread’s priority. The Threads window is particularly
useful with multithreaded applications, whereas for Parallel applications the Visual Studio
2010 debugger provides other tools, which are described in Chapter 44, “Processes and
Multithreading.”

Autos Window

The Autos window shows the variables used by the current statement and by the previous
three and next three statements. Figure 5.14 shows an example of the Autos window.

FIGURE 5.14 The Autos window.

For the Autos window, you can change variables’ values by double-clicking each one.
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64-BIT SUPPORT

One of the new features in the Visual Studio 2010 debugger is that now mixed mode
with 64-bit applications debugging is supported.

Debugger Visualizers

Debugger visualizers are built-in tools that enable viewing information on objects,
controls, members, and variables (generally complex data) in a particular format. For
example, if you place a breakpoint on the following line of code of the sample project

Dim result As Boolean = Test(lineRead)

you can then open the Locals window and select the 1ineRead variable. In the Value
column, notice the small magnifying glass that you can click. From there you can choose
how you want to visualize information on the lineRead variable, such as Text format,
XML format, and HTML format. Of course, trying to view the content of plain text as
XML content dos not provide any benefits, but in the case you have a string representing
XML data or HTML code, you could get an appropriate representation to understand
what’s happening. Visualizers are also useful when you have a large multiline string and
you need to see how it is formatted. In our example, Figure 5.15 shows the Text visualizer
for the lineRead variable.

FIGURE 5.15 Viewing information with debugger visualizers.

Basically the visualizers’ purpose is to provide a graphical tool for analyzing what’s
happening on expressions.
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CUSTOM DEBUGGER VISUALIZERS

Visual Studio 2010 offers default debugger visualizers that are useful in common situa-
tions, but you might need custom visualizers. It is possible to build custom visualizers,
but this is beyond the scope of this chapter. Information on creating custom visualizers
is available in the MSDN documentation at the following address:
http://msdn.microsoft.com/en-us/library/e2zc¢529¢(VS.100).aspx

Debugging in Code

The .NET Framework offers the ability to interact with the debugger via managed code.
You can use two classes, System.Diagnostics.Debug and System.Diagnostics.Trace, to
verify conditions and evaluations that can be useful to provide feedback about your code
if it is working correctly. Information generated by these classes can eventually be added
to the application.

DEBUG AND TRACE ARE SINGLETON

Both Debug and Trace classes are single instance shared classes and therefore
expose only shared members.

The Debug Class

The Debug class, exposed by the System.Diagnostics namespace, provides interaction
with the Visual Studio debugger and enables understanding if your code is working
correctly via instrumentation that evaluates conditions at a certain point of your code.
Basically the Debug class exposes only shared methods and can display contents into the
Output window so that you can programmatically interact with the debugger without the
need to set breakpoints. Table 5.2 provides an overview of Debug methods.

TABLE 5.2 Debug Class Methods

Method Description

Assert Checks for a condition and shows a message if the condition is False

Close Empties the buffer and releases trace listeners

Fail Generates an error message

Flush Empties the buffer and forces data to be written to underlying trace listeners
Indent When writing to the Output window, increases the text indentation

Print Writes the specified message to the listeners; supports text formatting
Unindent When writing to the Output window, decreases the text indentation

Write Writes the specified message to the listeners without line terminator; supports

text formatting


http://msdn.microsoft.com/en-us/library/e2zc529c(VS.100).aspx
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TABLE 5.2 Continued

Method Description

WriteIf Writes the specified message to the listeners without a line terminator if the
supplied condition is True; supports text formatting

WritelLine Writes the specified message to the listeners with a line terminator; supports
text formatting

WriteLineIf Writes the specified message to the listeners with a line terminator if the
supplied condition is True; supports text formatting

DEBUG OUTPUT

Saying that the Debug class can display contents to the Output window is true only in
part. Developers can use other built-in outputs known as trace listeners to redirect the
output. Later in this chapter we provide an overview of trace listeners.

Continuing the code example in Listing 5.1, try to add the following lines of code after
the declaration and assignment of the result variable within the Main method:

Debug.WriteLine("Value of result is " & result.ToString)
Debug.WriteLineIf(result = True, "Result is valid because = True")
"If you type an empty or null string,

"then the condition "result=True" is False therefore

'shows an error message

Debug.Assert(result = True, "Needed a valid string")

Now run the application and type in a valid (nonempty) string. Figure 5.16 shows how
the Output window appears when the runtime encounters the Debug methods.

FIGURE 5.16 Writing debug information to the Output window.
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The first line shows the Boolean value of the result variable. The WriteLine method can
be useful if you need to monitor objects’ values without breaking the application. This
method also adds a line terminator so that a new line can begin. The Write method does
the same but does not add a line terminator. The WriteLineIf (and WriteIf) writes a
message only if the specified condition is evaluated as True. If you enter a valid string, the
WriteLineIf method writes a message. Notice that there is an invocation to the Assert
method. This method causes the runtime to show a message box containing the specified
message that is shown only if the specified expression is evaluated as False. According to
this, if you enter a valid string in the sample application, the expression is evaluated as
True therefore, no message is shown. If you instead enter an empty string (that is, press
Enter), the runtime shows the dialog represented in Figure 5.17.

FIGURE 5.17 The Assertion dialog.

The Fail method, which is not shown in the example, shows a similar dialog but without
evaluating any condition. In Table 5.2, methods descriptions mention trace listeners. We
now provide an overview of the Trace class and then an overview of the particular objects.

The Trace Class

The Trace class, which is also exposed by the System.Diagnostics namespace, works
exactly like the Debug class. One important difference influences the building process. The
output of the Debug class is included in the build output only if the DEBUG constant is
defined, whereas the Trace class’ output is included in the build output only if the TRACE
constant is defined. When you build your applications with the Debug configuration
active, both constants are defined, so both outputs are included. The Release configuration
defines instead only the TRACE constant, so it includes only this output.
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Understanding Trace Listeners

In the preceding examples related to the Debug class (and consequently related to the
Trace class too), we saw how to send the output of the debugger to the Output window.
The .NET Framework enables sending the output to other targets, known as trace listeners.
A trace listener is basically an object that “listens” to what is happening at debugging time
and then collects information under various forms. For example, you could collect infor-
mation as XML files or just send such information to the Output window. Both Debug and
Trace classes expose a property named Listeners that represents a set of built-in listeners.
Table 5.3 groups the .NET Framework built-in listeners.

TABLE 5.3 .NET Built-In Trace Listeners

Listener Description

DefaultTracelListener Redirects the output to the Output window.
TextWriterTraceListener Redirects the output to a text file.
XmlWriterTracelListener Redirects the output to an XML file.
EventLogTracelListener Redirects the output to the operating system’s events log.

DelimitedListTraceListener Redirects the output to a text file. Information is separated by
a symbol.

EventSchemaTraceListener Redirects the output to an Xml schema that is formed on the
supplied arguments.

ConsoleTracelListener Redirects the output to the Console window.

SYSTEM.DIAGNOSTICS NAMESPACE REQUIRED

All listeners listed in Table 5.3 are exposed by the System.Diagnostics namespace,
which is not mentioned for the sake of brevity. Usually this namespace is imported by
default, according to the options set within My Project. If the background compiler
advises that classes are not defined, you should add an Imports
System.Diagnostics directive to your code.

When you invoke members from the Debug and Trace classes, by default the output is
redirected to the output window. This is because the DefaultTraceListener is attached to
the application by the debugger. Now suppose you want to redirect the output to a text
file. This can be accomplished by writing the following lines of code:

Trace.Listeners.Clear()
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Trace.Listeners.Add(New
TextWriterTraceListener
("C:\users\alessandro\desktop\TraceOutput.txt"))

'This will ensure the file is closed when

'the debugger shuts down

Trace.AutoFlush = True

Trace.WriteLineIf(result = True, "You entered a valid string")

LISTENERS DO NOT OVERWRITE FILES

All built-in trace listeners that redirect output to a file do not overwrite the file itself if
already existing. They just append information to an existing file. If you need to create
a new file each time from scratch, remember to remove the previous version (for exam-
ple, invoking the File.Delete method).

The Trace.Listener.Clear method ensures all previous information from other listeners
gets cleared. You simply need to add a new instance of the TextWriterTraceListener class
to listeners’ collection. At this point you just need to supply the name of the output file as
an argument. If you add the preceding code after the declaration and assignment of the
result variable within the Main method of our main example, the output is redirected to
a text file, as shown in Figure 5.18.

FIGURE 5.18 The debugging output has been redirected to a text file.

The AutoFlush property set as True ensures that the text file is correctly closed when the
debugger shuts down. In the end, you write evaluations as you would do when sending
output to the Output window (see WriteLineIf method). A class named
DelimitedListTraceListener inherits from TextWriterTraceListener and enables writing
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information to a file using a delimitation symbol. By default, this symbol is a comma
(basically output files are CSV files, Comma Separated Value, that can be opened with
Microsoft Excel), but you can set the Delimiter property value with another symbol. The
usage remains the same as its base class. You also might want to redirect output to an Xml
file. This can be accomplished adding an instance of the XmlWriterTraceListener class, as
shown in the following code:

Trace.Listeners.Clear()

Trace.Listeners.Add(New
XmlWriterTracelListener
("C:\users\alessandro\desktop\TraceOutput.xml"))

'This will ensure the file is closed when

'the debugger shuts down

Trace.AutoFlush = True

Trace.WriteLineIf(result = True, "You entered a valid string")

The usage is the same as in the TextWriterTraceListener example. If you try to run the
preceding code, you can obtain a well-formed Xml document, as shown in Figure 5.19.

FIGURE 5.19 The output produced by the XmIWriterTraceListener class.
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As you should understand, writing the output to an Xml document is a more powerful
task because of the amount of information collected. All the information persisted to the
Xml document is reflected by properties of the instance of the XmlwriterTraceListener
class. Each property is named as the related information in the Xml document; for
example, the Computer property represents the name of the computer running the debug-
ger, the ProcessName property represents the name of the process that the debugger is
attached to, and the ProcessID and ThreadID properties respectively represent the process
identification number and thread identification number of the process. Another listener
that you can use for producing Xml files is named EventSchemaTraceListener. This object
will basically create an Xml schema starting from debugging information; the
EventSchemaTraceListener constructor has several overloads that enable specifying how
the schema will be formed. The following code shows an example:

Trace.Listeners.Add(New
EventSchemaTraceListener("Test.xsd",
"My listener",

32768,
TracelLogRetentionOption.LimitedCircularFiles,
65536, 10))

Explaining this class in detail is beyond the scope of this book. If you would like to read
further details on this class, you can read the official MSDN documentation at
http://msdn.microsoft.com/en-us/library/system.diagnostics.eventschematracelistener(VS.100)
.aspx. The EventLogTraceListener class works similar to the previous ones. The following
lines of code attach a new instance of the class to the debugger, and the debug output is
redirected to the Windows Event Log:

Trace.Listeners.Clear()
Trace.Listeners.Add(New EventLogTracelListener
("Chapter 5 - Debugging applications"))

'This will ensure the log resources are released when

'the debugger shuts down

Trace.AutoFlush = True

Trace.WriteLineIf(result = True, "You entered a valid string")

APPLICATION LOG REQUIRES ADMINISTRATOR

Writing to the application log requires administrative privileges. If you run Windows
Vista or Windows 7 and you have the User Account Control active on your system, you
should also run Visual Studio 2010 as an administrator.

The preceding code creates a new entry in the application log of the operating system.
Figure 5.20 shows the content of the application log, which is reachable via the Event
viewer shortcut of the Administrative tools menu.
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FIGURE 5.20 Windows's Event viewer shows the application log containing our debug output.

MY .APPLICATION.LOG

Visual Basic 2010 offers an alternative to the EventLogTraceListener that is provid-
ed by the My namespace. As we see in Chapter 20, “The ‘My’ Namespace,” an object

name My .Application.Log provides a simpler way for writing the trace output to the

application log.

The last listener object is named ConsoleTraceListener and enables sending messages to
the Console window. You use this object as the previous ones. At this point we should
focus on an important feature of listeners: Hard coding listeners in Visual Basic code is not
mandatory. The good news is that you can add listeners to a configuration file that can be
manually edited externally from Visual Studio.

Setting Listeners in Configuration Files

To set listeners to a configuration file, first you need one. In Solution Explorer, right-click
the project name and then select the Add New Item command from the pop-up menu.
When the Add New Item dialog appears, you can search for the Application Configuration
File template using the search box, as shown in Figure 5.21.

If you now double-click the configuration file in Solution Explorer, you notice a section
that is named System.Diagnostics, as in the following snippet:

<system.diagnostics>
<sources>
<source name="DefaultSource" switchName="DefaultSwitch">
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FIGURE 5.21 Adding a new configuration file to the project.

<listeners>
<add name="FileLog"/>
</listeners>
</source>
</sources>
<switches>
<add name="DefaultSwitch" value="Information" />
</switches>

</system.diagnostics>

Basically this section represents the same-named namespace and offers the capability to
specify trace listeners. By default, a DefaultTraceList