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Hello, C#! Welcome, .NET!

In this �rst chapter, the goals are setting up your development environment; understanding the sim-
ilarities and di�erences between modern .NET, .NET Core, .NET Framework, Mono, Xamarin, and 

.NET Standard; creating the simplest application possible with C# 12 and .NET 8 using various code 
editors; and then discovering good places to look for help.

This chapter covers the following topics:

�	 Introducing this book and its contents

�	 Setting up your development environment

�	 Understanding .NET

�	 Building console apps using Visual Studio 2022

�	 Building console apps using Visual Studio Code

�	 Making good use of the GitHub repository for this book

�	 Looking for help

Introducing this book and its contents
Let�s get started by introducing you to the code solutions and structure of this book.

Getting code solutions for this book
The GitHub repository for this book has solutions using full application projects for all code tasks and 
exercises, found at the following link:

https://github.com/markjprice/cs12dotnet8
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A�er navigating to the GitHub repository in your web browser, press the . (dot) key on your keyboard, 
or manually change .com to .dev in the link to convert the repository into a live code editor based on 
Visual Studio Code using GitHub Codespaces, as shown in Figure 1.1:

Figure 1.1: GitHub Codespaces live editing the book�s GitHub repository

Visual Studio Code in a web browser is great to run alongside your chosen local code editor as you 
work through the book�s coding tasks. You can compare your code to the solution code and easily copy 
and paste parts if needed.

.NET terms used in this book
Throughout this book, I use the term modern .NET to refer to .NET 8 and its predecessors like .NET 6 
that derive from .NET Core. I use the term legacy .NET to refer to .NET Framework, Mono, Xamarin, 
and .NET Standard.

Modern .NET is a uni�cation of those legacy platforms and standards.

The structure and style of this book
A�er this �rst chapter, the book can be divided into three parts: language, libraries, and web devel-
opment.

We provide you with a PDF �le that has color images of the screenshots and diagrams used 
in this book. You can download this �le from https://packt.link/gbp/9781837635870.

You do not need to use or know anything about Git to get the solution code of this book. 
You can download a ZIP �le containing all the code solutions by using the following di-
rect link and then extract the ZIP �le into your local �lesystem: https://github.com/
markjprice/cs12dotnet8/archive/refs/heads/main.zip.
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First, the grammar and vocabulary of the C# language; second, the types available in the .NET librar-
ies for building app features; and third, the fundamentals of cross-platform websites, services, and 
browser apps that you can build using C# and .NET.

Most people learn complex topics best by imitation and repetition rather than reading a detailed 
explanation of the theory; therefore, I will not overload you with detailed explanations of every step 
throughout this book. The idea is to get you to write some code and see it run.

You don�t need to know all the nitty-gritty details immediately. That will be something that comes with 
time as you build your own apps and go beyond what any book can teach you.

In the words of Samuel Johnson, author of the English dictionary in 1755, I have committed �a few wild 
blunders, and risible absurdities, from which no work of such multiplicity is free.� I take sole respon-
sibility for these and hope you appreciate the challenge of my attempt to lash the wind by writing this 
book about rapidly evolving technologies like C# and .NET, and the apps that you can build with them.

Topics covered by this book
The following topics are covered in this book:

�	 Language fundamentals: Fundamental features of the C# language, from declaring variables 
to writing functions and object-oriented programming.

�	 Library fundamentals: Fundamental features of the .NET base class library as well as some 
important optional packages for common tasks like database access.

�	 Web development fundamentals: Fundamental features of the ASP.NET Core framework for 
server-side and client-side website and web service development.

Topics covered by Apps and Services with .NET 8
The following topics are available in a companion book, Apps and Services with .NET 8:

�	 Data: SQL Server, Azure Cosmos DB.

�	 Specialized libraries: Dates, times, time zones, and internationalization; common third-party 
libraries for image handling, logging, mapping, and generating PDFs; multitasking and con-
currency; and many more.

�	 Services: Caching, queuing, background services, gRPC, GraphQL, Azure Functions, SignalR, 
and minimal APIs.

�	 User interfaces: ASP.NET Core, Blazor, and .NET MAUI.

If you have a complaint about this book, then please contact me before writing a negative 
review on Amazon. Authors cannot respond to Amazon reviews so I cannot contact you 
to resolve the problem and help you or listen to your feedback and try to do better in the 
next edition. Please ask a question on the Discord channel for this book at https://packt.
link/csharp12dotnet8, email me at markjprice@gmail.com, or raise an issue in the 
GitHub repository for the book at the following link: https://github.com/markjprice/
cs12dotnet8/issues.
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This book, C# 12 and .NET 8 � Modern Cross-Platform Development Fundamentals, is best read linearly, 
chapter by chapter, because it builds up fundamental skills and knowledge. 

The companion book, Apps and Services with .NET 8, can be read more like a cookbook, so if you are 
especially interested in building gRPC services, then you could read that chapter without the preceding 
chapters about minimal API services. 

To see a list of all books I have published with Packt, you can use the following link:

https://subscription.packtpub.com/search?query=mark+j.+price

A similar list is available on Amazon:

https://www.amazon.com/Mark-J-Price/e/B071DW3QGN/

You can search other book-selling sites for my books too.

Setting up your development environment
Before you start programming, you�ll need a code editor for C#. Microso� has a family of code editors 
and Integrated Development Environments (IDEs), which include:

�	 Visual Studio 2022 for Windows

�	 Visual Studio Code for Windows, Mac, or Linux

�	 Visual Studio Code for the Web or GitHub Codespaces

Third parties have created their own C# code editors, for example, JetBrains Rider, which is available 
for Windows, Mac, or Linux but does have a license cost. JetBrains Rider is popular with more expe-
rienced .NET developers. 

Choosing the appropriate tool and application type for learning
What is the best tool and application type for learning C# and .NET?

When learning, the best tool is one that helps you write code and con�guration but does not hide what 
is really happening. IDEs provide graphical user interfaces that are friendly to use, but what are they 
doing for you underneath? A more basic code editor that is closer to the action while providing help 
to write your code can be better while you are learning.

Warning! Although JetBrains is a fantastic company with great products, both Rider and 
the ReSharper extension for Visual Studio are so�ware, and all so�ware has bugs and 
quirky behavior. For example, they might show errors like �Cannot resolve symbol� in your 
Razor Pages, Razor views, and Blazor components. Yet you can build and run those �les 
because there is no actual problem. If you have installed the Unity Support plugin then 
it will complain about boxing operations (which are a genuine problem for Unity game 
developers), but in projects that are not Unity so the warning does not apply.
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Having said that, you can make the argument that the best tool is the one you are already familiar 
with or that you or your team will use as your daily development tool. For that reason, I want you to 
be free to choose any C# code editor or IDE to complete the coding tasks in this book, including Visual 
Studio Code, Visual Studio 2022, or even JetBrains Rider.

In this book, I give detailed step-by-step instructions in Chapter 1 for how to create multiple projects in 
both Visual Studio 2022 for Windows and Visual Studio Code. There are also links to online instructions 
for other code editors, as shown at the following link: https://github.com/markjprice/cs12dotnet8/
blob/main/docs/code-editors/README.md.

In subsequent chapters, I will only give the names of projects along with general instructions, so you 
can use whichever tool you prefer. 

The best application type for learning the C# language constructs and many of the .NET libraries is 
one that does not distract with unnecessary application code. For example, there is no need to create 
an entire Windows desktop application or a website just to learn how to write a switch statement.

For that reason, I believe the best method for learning the C# and .NET topics in Chapters 1 to 11 is to 
build console apps. Then, in Chapters 12 to 16, you will build websites, services, and web browser apps.

Pros and cons of the Polyglot Notebooks extension
The Polyglot Notebooks extension for Visual Studio Code provides an easy and safe place to write 
simple code snippets for experimenting and learning. For example, data scientists use them to an-
alyze and visualize data. Students use them to learn how to write small pieces of code for language 
constructs and to explore APIs. 

Polyglot Notebooks enables you to create a single notebook �le that mixes �cells� of Markdown (richly 
formatted text) and code using C# and other related languages, such as PowerShell, F#, and SQL (for 
databases). The extension does this by hosting an instance of the .NET Interactive engine. 

Polyglot Notebooks has some limitations:

�	 It cannot be used to create websites, services, and apps.

�	 You cannot use Console class methods like ReadLine or ReadKey to get input from the user. 
(But there are alternative methods that you will learn if you complete the optional online-only 
exercise at the end of this chapter.)

�	 Notebooks cannot have arguments passed to them.

�	 It does not allow you to de�ne your own namespaces.

�	 It does not have any debugging tools (yet).

The old legacy name for the Polyglot Notebooks extension was the .NET Interactive Note-
books extension but it was renamed because it is not limited to only .NET languages 
like C# and F#. The extension retains its original identi�er, ms-dotnettools.dotnet-
interactive-vscode.
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At the end of this chapter, you will have the opportunity to complete an optional exercise to practice 
using Polyglot Notebooks.

Visual Studio Code for cross-platform development
The most modern and lightweight code editor to choose from, and the only one from Microso� that 
is cross-platform, is Visual Studio Code. It can run on all common operating systems, including Win-
dows, macOS, and many varieties of Linux, including Red Hat Enterprise Linux (RHEL) and Ubuntu.

Visual Studio Code is a good choice for modern cross-platform development because it has an extensive 
and growing set of extensions to support many languages beyond C#. The most important extension 
for C# and .NET developers is the C# Dev Kit that was released in preview in June 2023 because it turns 
Visual Studio Code from a general-purpose code editor into a tool optimized for C# and .NET developers.

Being cross-platform and lightweight, Visual Studio Code and its extensions can be installed on all 
platforms that your apps will be deployed to for quick bug �xes and so on. Choosing Visual Studio 
Code means a developer can use a cross-platform code editor to develop cross-platform apps. Visual 
Studio Code is supported on ARM processors so that you can develop on Apple Silicon computers and 
Raspberry Pi computers.

Visual Studio Code has strong support for web development, although it currently has weak support 
for mobile and desktop development.

Visual Studio Code is by far the most popular code editor or IDE, with over 73% of professional devel-
opers selecting it in the Stack Over�ow 2023 survey that you can read at the following link: https://
survey.stackoverflow.co/2023/.

GitHub Codespaces for development in the cloud
GitHub Codespaces is a fully con�gured development environment based on Visual Studio Code that 
can be spun up in an environment hosted in the cloud and accessed through any web browser. It 
supports Git repos, extensions, and a built-in command-line interface so you can edit, run, and test 
from any device.

More Information: You can read about the C# Dev Kit extension in the o�cial announce-
ment at the following link: https://devblogs.microsoft.com/visualstudio/
announcing-csharp-dev-kit-for-visual-studio-code/.

More Information: You can learn more about GitHub Codespaces at the following link: 
https://github.com/features/codespaces.
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Visual Studio 2022 for general development
Visual Studio 2022 for Windows can create most types of applications, including console apps, web-
sites, web services, and desktop apps. Although you can use Visual Studio 2022 for Windows to write 
a cross-platform mobile app, you still need macOS and Xcode to compile it.

It only runs on Windows 10 version 1909 or later, Home, Professional, Education, or Enterprise; or 
on Windows 11 version 21H2 or later, Home, Pro, Pro Education, Pro for Workstations, Enterprise, or 
Education. Windows Server 2016 and later are also supported. 32-bit operating systems and Windows 
S mode are not supported.

What I used
To write and test the code for this book, I used the following hardware and so�ware:

�	 Visual Studio 2022 for Windows on:

�	 Windows 11 on an HP Spectre (Intel) laptop

�	 Visual Studio Code on:

�	 macOS on an Apple Silicon Mac mini (M1) desktop

�	 Windows 11 on an HP Spectre (Intel) laptop

�	 JetBrains Rider on:

�	 macOS on an Apple Silicon Mac mini (M1) desktop

�	 Windows 11 on an HP Spectre (Intel) laptop

I hope that you have access to a variety of hardware and so�ware too, because seeing the di�erences 
in platforms deepens your understanding of development challenges, although any one of the above 
combinations is enough to learn the fundamentals of C# and .NET and how to build practical apps 
and websites.

Warning! Visual Studio 2022 for Mac does not o�cially support .NET 8 and it will reach 
end-of-life in August 2024. If you have been using Visual Studio 2022 for Mac then you 
should switch to Visual Studio Code for Mac, JetBrains Rider for Mac, or use Visual Studio 
2022 for Windows in a virtual machine on your local computer or in the cloud using a tech-
nology like Microso� Dev Box. The retirement announcement can be read here: https://
devblogs.microsoft.com/visualstudio/visual-studio-for-mac-retirement-
announcement/.

You can learn how to write code with C# and .NET using a Raspberry Pi 400 with Ubuntu 
Desktop 64-bit by reading an extra article that I wrote at the following link: https://
github.com/markjprice/cs12dotnet8/tree/main/docs/raspberry-pi-ubuntu64.



Hello, C#! Welcome, .NET!8

Deploying cross-platform
Your choice of code editor and operating system for development does not limit where your code gets 
deployed.

.NET 8 supports the following platforms for deployment:

�	 Windows: Windows 10 version 1607 or later. Windows 11 version 22000 or later. Windows Server 
2012 R2 SP1 or later. Nano Server version 1809 or later.

�	 Mac: macOS Catalina version 10.15 or later and in the Rosetta 2 x64 emulator.

�	 Linux: Alpine Linux 3.17 or later. Debian 11 or later. Fedora 37 or later. openSUSE 15 or later. 
Oracle Linux 8 or later. RHEL 8 or later. SUSE Enterprise Linux 12 SP2 or later. Ubuntu 20.04 
or later.

�	 Android: API 21 or later.

�	 iOS and tvOS: 11.0 or later.

�	 Mac Catalyst: 10.15 or later. 11.0 or later on ARM64.

Windows Arm64 support in .NET 5 and later means you can develop on, and deploy to, Windows Arm 
devices like Microso��s Windows Dev Kit 2023 (formerly known as Project Volterra) and Surface Pro X.

Downloading and installing Visual Studio 2022
Many professional .NET developers use Visual Studio 2022 for Windows in their day-to-day development 
work. Even if you choose to use Visual Studio Code to complete the coding tasks in this book, you might 
want to familiarize yourself with Visual Studio 2022 for Windows too. It is not until you have written 
a decent amount of code with a tool that you can really judge if it �ts your needs.

If you do not have a Windows computer, then you can skip this section and continue to the next section 
where you will download and install Visual Studio Code on macOS or Linux.

Since October 2014, Microso� has made a professional-quality edition of Visual Studio available to 
students, open-source contributors, and individuals for free. It is called Community Edition. Any of 
the editions are suitable for this book. If you have not already installed it, let�s do so now:

Warning! .NET support for Windows 7 and 8.1 ended in January 2023: https://github.
com/dotnet/core/issues/7556.

You can review the latest supported operating systems and versions at the following link: 
https://github.com/dotnet/core/blob/main/release-notes/8.0/supported-os.
md.
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1.	 Download Microso� Visual Studio 2022 version 17.8 or later for Windows from the following 
link: https://visualstudio.microsoft.com/downloads/.

2.	 Run the installer to start the installation.

3.	 On the Workloads tab, select the following:

�	 ASP.NET and web development.

�	 .NET desktop development (because this includes console apps).

�	 Desktop development with C++ with all default components (because this enables 
publishing console apps and web services that start faster and have smaller memory 
footprints).

4.	 Click Install and wait for the installer to acquire the selected so�ware and install it.

5.	 When the installation is complete, click Launch.

6.	 The �rst time that you run Visual Studio, you will be prompted to sign in. If you have a Microso� 
account, you can use that account. If you don�t, then register for a new one at the following 
link: https://signup.live.com/.

7.	 The �rst time that you run Visual Studio, you will be prompted to con�gure your environment. 
For Development Settings, choose Visual C#. For the color theme, I chose Blue, but you can 
choose whatever tickles your fancy.

8.	 If you want to customize your keyboard shortcuts, navigate to Tools | Options�, and then 
select the Keyboard section.

Keyboard shortcuts for Visual Studio 2022 for Windows
In this book, I will avoid showing keyboard shortcuts since they are o�en customized. Where they are 
consistent across code editors and commonly used, I will try to show them.

If you want to identify and customize your keyboard shortcuts, then you can, as shown at the following 
link: https://learn.microsoft.com/en-us/visualstudio/ide/identifying-and-customizing-
keyboard-shortcuts-in-visual-studio.

Downloading and installing Visual Studio Code
Visual Studio Code has rapidly improved over the past couple of years and has pleasantly surprised 
Microso� with its popularity. If you are brave and like to live on the bleeding edge, then there is the 
Insiders edition, which is a daily build of the next version.

Even if you plan to only use Visual Studio 2022 for Windows for development, I recommend that you 
download and install Visual Studio Code and try the coding tasks in this chapter using it, and then 
decide if you want to stick with just using Visual Studio 2022 for the rest of the book.
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Let�s now download and install Visual Studio Code, the .NET SDK, and the C# Dev Kit extension:

1.	 Download and install either the Stable build or the Insiders edition of Visual Studio Code from 
the following link: https://code.visualstudio.com/.

2.	 Download and install the .NET SDK for version 8.0 and at least one other version like 6.0 or 7.0 
from the following link: https://www.microsoft.com/net/download.

3.	 To install the C# Dev Kit extension with a user interface, you must �rst launch the Visual Studio 
Code application.

4.	 In Visual Studio Code, click the Extensions icon or navigate to View | Extensions.

5.	 C# Dev Kit is one of the most popular extensions available, so you should see it at the top of 
the list, or you can enter C# in the search box.

6.	 Click Install and wait for supporting packages to download and install.

Installing other extensions
In later chapters of this book, you will use more Visual Studio Code extensions. If you want to install 
them now, all the extensions that we will use are shown in Table 1.1:

More Information: If you need more help installing Visual Studio Code, you can 
read the o�cial setup guide at the following link: https://code.visualstudio.
com/docs/setup/setup-overview.

In real life, you are extremely unlikely to only have one .NET SDK version installed 
on your computer. To learn how to control which .NET SDK version is used to build 
a project, we need multiple versions installed. .NET 6, .NET 7, and .NET 8 are sup-
ported versions at the time of publishing in November 2023. You can safely install 
multiple SDKs side by side. The most recent SDK will be used to build your projects.

C# Dev Kit has a dependency on the C# extension version 2.0 or later, so you do 
not have to install the C# extension separately. Note that C# extension version 2.0 
or later no longer uses OmniSharp since it has a new Language Service Protocol 
(LSP) host. C# Dev Kit also has dependencies on the .NET Install Tool for Extension 
Authors and IntelliCode for C# Dev Kit extensions so they will be installed too.

Good Practice: Be sure to read the license agreement for C# Dev Kit. It has a more restric-
tive license than the C# extension: https://aka.ms/vs/csdevkit/license.
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Extension name and identi�er Description

C# Dev Kit

ms-dotnettools.csdevkit

O�cial C# extension from Microso�. Manage your 
code with a solution explorer and test your code with 
integrated unit test discovery and execution.

Includes the C# and IntelliCode for C# Dev Kit 
extensions.

C#

ms-dotnettools.csharp

C# editing support, including syntax highlighting, 
IntelliSense, Go To De�nition, Find All References, 
debugging support for .NET, and support for csproj 
projects on Windows, macOS, and Linux.

IntelliCode for C# Dev Kit

ms-dotnettools.vscodeintellicode-
csharp

Provides AI-assisted development features for Python, 
TypeScript/JavaScript, C#, and Java developers.

MSBuild project tools

tintoy.msbuild-project-tools

Provides IntelliSense for MSBuild project �les, 
including autocomplete for <PackageReference> 
elements.

Polyglot Notebooks

ms-dotnettools.dotnet-interactive-
vscode

This extension adds support for using .NET and other 
languages in a notebook. It has a dependency on the 
Jupyter extension (ms-toolsai.jupyter), which itself 
has dependencies.

ilspy-vscode

icsharpcode.ilspy-vscode

Decompile MSIL assemblies � support for modern 
.NET, .NET Framework, .NET Core, and .NET Standard.

REST Client

humao.rest-client

Send an HTTP request and view the response directly 
in Visual Studio Code.

Table 1.1: Visual Studio Code extensions used in this book

Managing Visual Studio Code extensions at the command prompt
You can install a Visual Studio Code extension at the command prompt or terminal, as shown in Table 
1.2:

Command Description

code --list-extensions List installed extensions.

code --install-extension <extension-id> Install the speci�ed extension.

code --uninstall-extension <extension-id> Uninstall the speci�ed extension.

Table 1.2: Commands to list, install, and uninstall extensions

For example, to install the C# Dev Kit extension, enter the following at the command prompt:

code --install-extension ms-dotnettools.csdevkit
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Understanding Visual Studio Code versions
Microso� releases a new feature version of Visual Studio Code (almost) every month and bug-�x ver-
sions more frequently. For example:

�	 Version 1.79.0, May 2023 feature release

�	 Version 1.79.1, May 2023 bug �x release

The version used in this book is 1.82.1, August 2023 bug �x release, but the version of Visual Studio 
Code is less important than the version of the C# Dev Kit or C# extension that you install. I recommend 
C# extension v2.8.23 or later and C# Dev Kit v0.5.150 or later.

While the C# extension is not required, it provides IntelliSense as you type, code navigation, and de-
bugging features, so it�s something that�s very handy to install and keep updated to support the latest 
C# language features.

Keyboard shortcuts for Visual Studio Code
If you want to customize your keyboard shortcuts for Visual Studio Code, then you can, as shown at 
the following link: https://code.visualstudio.com/docs/getstarted/keybindings.

I recommend that you download a PDF of Visual Studio Code keyboard shortcuts for your operating 
system from the following list:

�	 Windows: https://code.visualstudio.com/shortcuts/keyboard-shortcuts-windows.pdf

�	 macOS: https://code.visualstudio.com/shortcuts/keyboard-shortcuts-macos.pdf

�	 Linux: https://code.visualstudio.com/shortcuts/keyboard-shortcuts-linux.pdf

Understanding .NET

.NET, .NET Core, .NET Framework, and Xamarin are related and overlapping platforms for developers 
used to build applications and services. 

If you are not familiar with the history of .NET, then I introduce you to each of these .NET concepts 
at the following link:

https://github.com/markjprice/cs12dotnet8/blob/main/docs/ch01-dotnet-history.md

I have created PowerShell scripts to install and uninstall the Visual Studio Code extensions 
in the preceding table. You can �nd them at the following link: https://github.com/
markjprice/cs12dotnet8/tree/main/scripts/extension-scripts/.

 �Those who cannot remember the past are condemned to repeat it.�

 � George Santayana
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Understanding .NET support
.NET versions are either Long Term Support (LTS), Standard Term Support (STS) (formerly known as 
Current), or Preview, as described in the following list:

�	 LTS releases are a good choice for applications that you do not intend to update frequently, 
although you must update the .NET runtime for your production code monthly. LTS releases 
are supported by Microso� for 3 years a�er General Availability (GA), or 1 year a�er the next 
LTS release ships, whichever is longer.

�	 STS releases include features that may change based on feedback. These are a good choice 
for applications that you are actively developing because they provide access to the latest 
improvements. STS releases are supported by Microso� for 18 months a�er GA, or 6 months 
a�er the next STS or LTS release ships, whichever is longer.

�	 Preview releases are for public testing. These are a good choice for adventurous programmers 
who want to live on the bleeding edge, or programming book authors who need to have early 
access to new language features, libraries, and app and service platforms. Preview releases 
are not usually supported by Microso�, but some preview or Release Candidate (RC) releases 
may be declared Go Live, meaning they are supported by Microso� in production.

STS and LTS releases receive critical patches throughout their lifetime for security and reliability.

To better understand your choices of STS and LTS releases, it is helpful to see it visually, with 3-year-
long black bars for LTS releases, and 1‰-year-long gray bars for STS releases, as shown in Figure 1.2:

Figure 1.2: Support durations for recent and planned STS and LTS releases

During the lifetime of .NET 8, two older versions will reach end-of-life and two new versions will be 
released. I have tried to be cognizant that you might choose to use .NET 9 or .NET 10 with this book; 
although, obviously, the book cannot cover new features of those future versions!

Good Practice: You must stay up to date with the latest patches to get support. For example, 
if a system is running on .NET runtime version 8.0.0 and then version 8.0.1 is released, 
you must install version 8.0.1 to get support. These updates are released on the second 
Tuesday of each month, aka Patch Tuesday.
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If you need long-term support from Microso�, then choose .NET 8 today and stick with it even a�er 
.NET 9 releases in 2024. This is because .NET 9 will be an STS release, and it will therefore lose support 
in May 2026, before .NET 8 does in November 2026. As soon as .NET 10 is released, start upgrading 
your .NET 8 projects to it. You will have a year to do so before .NET 8 reaches its end of life.

At the time of publishing in November 2023, all versions of modern .NET have reached their end of 
life except those shown in the following list, which are ordered by their end-of-life dates:

�	 .NET 7 will reach end-of-life on May 14, 2024.

�	 .NET 6 will reach end-of-life on November 12, 2024.

�	 .NET 8 will reach end-of-life on November 10, 2026.

Understanding .NET support phases
The lifetime of a version of .NET passes through several phases, during which they have varying levels 
of support, as described in the following list:

�	 Preview: Not supported. .NET 8 Preview 1 to Preview 7 were in this support phase from Feb-
ruary 2023 to August 2023.

�	 Go Live: Supported until GA, then becomes immediately unsupported so you must upgrade 
to the �nal release version as soon as it is available. .NET 8 Release Candidate 1 and Release 
Candidate 2 were in this support phase in September and October 2023.

�	 Active: .NET 8 will be in this support phase from November 2023 to May 2026.

�	 Maintenance: Supported only with security �xes for the last 6 months of its lifetime. .NET 8 
will be in this support phase from May 2026 to November 2026.

�	 End-of-life: Not supported. .NET 8 will reach its end of life in November 2026.

End of support or end of life (EOL) means the date a�er which bug �xes, security updates, 
or technical assistance are no longer available from Microso�.

Good Practice: Remember that with all releases, you must upgrade to bug-�x releases like 
.NET runtime 8.0.1 and .NET SDK 8.0.101, which are expected to release in December 2023, 
because updates are released every month. 

You can check which .NET versions are currently supported and when they will reach end-
of-life at the following link: https://github.com/dotnet/core/blob/main/releases.
md.
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Understanding .NET runtime and .NET SDK versions
If you have not built a standalone app, then the .NET runtime is the minimum needed to install so that 
an operating system can run a .NET application. The .NET SDK includes the .NET runtime as well as 
the compilers and other tools needed to build .NET code and apps.

.NET runtime versioning follows semantic versioning, that is, a major increment indicates breaking 
changes, minor increments indicate new features, and patch increments indicate bug �xes.

.NET SDK versioning does not follow semantic versioning. The major and minor version numbers are 
tied to the runtime version it is matched with. The patch number follows a convention that indicates 
the major and minor versions of the SDK.

You can see an example of this in Table 1.3:

Change Runtime SDK

Initial release 8.0.0 8.0.100

SDK bug �x 8.0.0 8.0.101

Runtime and SDK bug �x 8.0.1 8.0.102

SDK new feature 8.0.1 8.0.200

Table 1.3: Examples of changes and versions for a .NET runtime and SDK

Listing and removing versions of .NET
.NET runtime updates are compatible with a major version such as 8.x, and updated releases of the 
.NET SDK maintain the ability to build applications that target previous versions of the runtime, which 
enables the safe removal of older versions.

You can see which SDKs and runtimes are currently installed using the following commands:

dotnet --list-sdks
dotnet --list-runtimes
dotnet --info

On Windows, use the Apps & features section to remove .NET SDKs.

On Linux, there is no single mechanism, but you can learn more at the following link:

https://learn.microsoft.com/en-us/dotnet/core/install/remove-runtime-sdk-
versions?pivots=os-linux

Good Practice: To make it easier to enter commands at the command prompt or terminal, 
the following link lists all commands throughout the book as a single statement that can 
be easily copied and pasted: https://github.com/markjprice/cs12dotnet8/blob/
main/docs/command-lines.md.
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Understanding intermediate language
The C# compiler (named Roslyn) used by the dotnet CLI tool converts your C# source code into inter-
mediate language (IL) code and stores the IL in an assembly (a DLL or EXE �le). IL code statements are 
like assembly language instructions, which are executed by .NET�s virtual machine, known as CoreCLR.

At runtime, CoreCLR loads the IL code from the assembly, the just-in-time (JIT) compiler compiles it 
into native CPU instructions, and then it is executed by the CPU on your machine.

The bene�t of this two-step compilation process is that Microso� can create Common language 
runtimes (CLRs) for Linux and macOS, as well as for Windows. The same IL code runs everywhere 
because of the second compilation step, which generates code for the native operating system and 
CPU instruction set.

Regardless of which language the source code is written in, for example, C#, Visual Basic, or F#, all 
.NET applications use IL code for their instructions stored in an assembly. Microso� and others provide 
disassembler tools that can open an assembly and reveal this IL code, such as the ILSpy .NET Decom-
piler extension. You will learn more about this in Chapter 7, Packaging and Distributing .NET Types.

Comparing .NET technologies
We can summarize and compare the current .NET technologies as shown in Table 1.4:

Technology Description
Host operating 
systems

Modern .NET

A modern feature set, with full C# 8 to C# 12 language 
support. It can be used to port existing apps or create new 
desktop, mobile, and web apps and services. It can target 
older .NET platforms.

Windows, macOS, 
Linux, Android, iOS, 
tvOS, Tizen

.NET 
Framework

A legacy feature set with limited C# 8 support and no C# 
9 or later support. It should be used to maintain existing 
applications only.

Windows only

Xamarin Mobile and desktop apps only. Android, iOS, macOS

Table 1.4: Comparison of .NET technologies

You could use a third-party tool like Dots, the friendly .NET SDK manager, found at the 
following link: https://johnnys.news/2023/01/Dots-a-dotnet-SDK-manager. At the 
time of writing, you must build the app from source on its GitHub repository, so I only 
recommend that for advanced developers.
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Managing multiple projects using code editors
Visual Studio 2022 for Windows, JetBrains Rider, and even Visual Studio Code (with the C# Dev Kit 
extension installed) all have a concept called a solution that allows you to open and manage multiple 
projects simultaneously. We will use a solution to manage the two projects that you will create in this 
chapter.

Building console apps using Visual Studio 2022
The goal of this section is to showcase how to build a console app using Visual Studio 2022 for Windows.

If you do not have a Windows computer or want to use Visual Studio Code, then you can skip this 
section since the code will be the same; just the tooling experience is di�erent. But I recommend that 
you review this section because it does explain some of the code and how top-level programs work, 
and that information applies to all code editors.

This section is also available in the GitHub repository (so it can be updated a�er publishing if needed) 
at the following link:

https://github.com/markjprice/cs12dotnet8/blob/main/docs/code-editors/vs4win.md

If you want to see similar instructions for using JetBrains Rider, they are available in the GitHub re-
pository at the following link:

https://github.com/markjprice/cs12dotnet8/blob/main/docs/code-editors/rider.md

Writing code using Visual Studio 2022
Let�s get started writing code:

1.	 Start Visual Studio 2022. You might see an experimental new Welcome tab that replaces the 
old model dialog box, as shown in Figure 1.3.

2.	 In the Welcome tab, click New Project, or if you are using a version with the Visual Studio 2022 
modal dialog box, then in the Get started section, click Create a new project:

Figure 1.3: Welcome tab with buttons like New Project
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Compiling and running code using Visual Studio
The next task is to compile and run the code:

1.	 In Visual Studio, navigate to Debug | Start Without Debugging.

2.	 The output in the console window will show the result of running your application, as shown 
in Figure 1.6:

Figure 1.6: Running the console app on Windows

3.	 Press any key to close the console app window and return to Visual Studio.

4.	 Optionally, close the Properties pane to make more vertical space for Solution Explorer.

5.	 Double-click the HelloCS project and note the HelloCS.csproj project �le shows that this 
project has its target framework set to net8.0, as shown in Figure 1.7.

All code examples and commands that the reader must review or type are shown 
in plain text so you will never have to read code or commands from a screenshot 
like in Figure 1.5, which might be too small or too faint in print.

Good Practice: When you start a project in Visual Studio 2022, you can choose 
whether to attach a debugger or not. If you do not need to debug, then it is better 
not to attach one because attaching a debugger requires more resources and 
slows everything down. Attaching a debugger also limits you to only starting one 
project. If you want to run more than one project, each with a debugger attached, 
then you must start multiple instances of Visual Studio. In the toolbar, click the 
green outline triangle button (to the right of HelloCS in the top bar Figure 1.5) to 
start without debugging instead of the green solid triangle button (to the le� of 
HelloCS in the top bar Figure 1.5), unless you need to debug.
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6.	 In the Solution Explorer toolbar, toggle on the Show All Files button, , and note that the 
compiler-generated bin and obj folders are visible, as shown in Figure 1.7:

Figure 1.7: Showing the compiler-generated folders and files

Understanding the compiler-generated folders and files
Two compiler-generated folders were created, named obj and bin, as described in the following list:

�	 The obj folder contains one compiled object �le for each source code �le. These objects haven�t 
been linked together into a �nal executable yet.

�	 The bin folder contains the binary executable for the application or class library. We will look 
at this in more detail in Chapter 7, Packaging and Distributing .NET Types.

You do not need to look inside these folders or understand their �les yet (but feel free to browse 
around if you are curious). 

Just be aware that the compiler needs to create temporary folders and �les to do its work. You could 
delete these folders and their �les, and they will be automatically recreated the next time you �build� 
or run the project. Developers o�en delete these temporary folders and �les to �clean� a project. Vi-
sual Studio even has a command on the Build menu named Clean Solution that deletes some of these 
temporary �les for you. The equivalent command with Visual Studio Code is dotnet clean.

Understanding top-level programs
If you have seen older .NET projects before, then you might have expected more code, even just to 
output a simple message. This project has minimal statements because some of the required code is 
written for you by the compiler when you target .NET 6 or later.

If you had created the project with .NET SDK 5 or earlier, or if you had selected the check box labeled 
Do not use top-level statements, then the Program.cs �le would have more statements, as shown in 
the following code:

using System;

namespace HelloCS
{
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  class Program
  {
    static void Main(string[] args)
    {
      Console.WriteLine("Hello, World!");
    }
  }
}

During compilation with .NET SDK 6 or later, all the boilerplate code to de�ne the Program class and 
its Main method is generated and wrapped around the statements you write.

This uses a feature introduced in .NET 5 called top-level programs, but it was not until .NET 6 that 
Microso� updated the project template for console apps to use top-level statements by default. Then 
in .NET 7 or later, Microso� added options to use the older style if you prefer:

�	 If you are using Visual Studio 2022, select the check box labeled Do not use top-level statements.

�	 If you are using the dotnet CLI at the command prompt, add a switch:

dotnet new console --use-program-main

Requirements for top-level programs
Key points to remember about top-level programs include the following:

�	 There can be only one �le like this in a project.

�	 Any using statements must be at the top of the �le.

�	 If you declare any classes or other types, they must be at the bottom of the �le.

�	 Although you should name the method Main if you explicitly de�ne it, the method is named 
<Main>$ when created by the compiler.

Implicitly imported namespaces
The using System; statement at the top of the �le imports the System namespace. This enables the 
Console.WriteLine statement to work. Why do we not have to import it in our project? 

The trick is that we do still need to import the System namespace, but it is now done for us using a 
combination of features introduced in C# 10 and .NET 6. Let�s see how:

1.	 In Solution Explorer, expand the obj folder, expand the Debug folder, expand the net8.0 folder, 
and open the �le named HelloCS.GlobalUsings.g.cs.

Warning! One functional di�erence is that the auto-generated code does not de�ne a 
namespace, so the Program class is implicitly de�ned in an empty namespace with no 
name instead of a namespace that matches the name of the project.
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2.	 Note that this �le is automatically created by the compiler for projects that target .NET 6 or 
later, and that it uses a feature introduced in C# 10 called global namespace imports, which 
imports some commonly used namespaces like System for use in all code �les, as shown in 
the following code:

// <autogenerated />
global using global::System;
global using global::System.Collections.Generic;
global using global::System.IO;
global using global::System.Linq;
global using global::System.Net.Http;
global using global::System.Threading;
global using global::System.Threading.Tasks;

3.	 In Solution Explorer, click the Show All Files button to hide the bin and obj folders. 

I will explain more about the implicit imports feature in the next chapter. For now, just note that a 
signi�cant change that happened between .NET 5 and .NET 6 is that many of the project templates, 
like the one for console apps, use new SDK and language features to hide what is really happening.

Revealing the hidden code by throwing an exception
Now let�s discover how the hidden code has been written:

1.	 In Program.cs, a�er the statement that outputs the message, add a statement to throw a new 
exception, as shown in the following code:

throw new Exception();

2.	 In Visual Studio, navigate to Debug | Start Without Debugging. (Do not start the project with 
debugging or the exception will be caught by the debugger!)

3.	 The output in the console window will show the result of running your application, including 
that a hidden Program class was de�ned by the compiler with a method named <Main>$ that 
has a parameter named args for passing in arguments, as shown in Figure 1.8:

Figure 1.8: Throwing an exception to reveal the hidden Program.<Main>$ method
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4.	 Press any key to close the console app window and return to Visual Studio.

Revealing the namespace for the Program class
Now, let�s discover what namespace the Program class has been de�ned within:

1.	 In Program.cs, before the statement that throws an exception, add statements to get the name 
of the namespace of the Program class, and then write it to the console, as shown in the fol-
lowing code:

string name = typeof(Program).Namespace ?? "None!";
Console.WriteLine($"Namespace: {name}");

2.	 In Visual Studio, navigate to Debug | Start Without Debugging.

3.	 The output in the console window will show the result of running your application, including 
that the hidden Program class was de�ned without a namespace, as shown in the following 
output:

Namespace: None!

4.	 Press any key to close the console app window and return to Visual Studio.

Adding a second project using Visual Studio 2022
Let�s add a second project to our solution to explore how to work with multiple projects:

1.	 In Visual Studio, navigate to File | Add | New Project�.

2.	 In the Add a new project dialog, in Recent project templates, select Console App [C#] and 
then click Next.

3.	 In the Con�gure your new project dialog, for Project name, enter AboutMyEnvironment, leave 
the location as C:\cs12dotnet8\Chapter01, and then click Next.

4.	 In the Additional information dialog, select .NET 8.0 (Long Term Support) and select the Do 
not use top-level statements check box.

?? is the null-coalescing operator. The �rst statement means, �If the namespace 
of Program is null, then return None!; otherwise, return the name.� You will see 
more explanations of these keywords and operators throughout the book. For now, 
just enter the code and run it to see what it does.

Warning! The above step adds a new project to the existing solution. Do NOT 
navigate to File | New | Project�, which instead is meant to be used to create 
a new project and solution (although the dialog box has a dropdown to choose 
to add to an existing solution too).
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11.	 Navigate to Debug | Start Without Debugging to run the AboutMyEnvironment project, and 
note the result, as shown in the following output and in Figure 1.9:

C:\cs12dotnet8\Chapter01\AboutMyEnvironment\bin\Debug\net8.0
Microsoft Windows NT 10.0.22621.0
Namespace: AboutMyEnvironment

Figure 1.9: Running a console app in a Visual Studio solution with two projects

12.	 Press any key to close the console app window and return to Visual Studio.

Building console apps using Visual Studio Code
The goal of this section is to showcase how to build a console app using Visual Studio Code and the 
dotnet CLI.

Windows 11 is just branding. Its o�cial name is Windows NT, and its major version 
number is still 10! But its patch version is 22000 or higher.

When using Visual Studio 2022 for Windows to run a console app, it executes the 
app from the <projectname>\bin\Debug\net8.0 folder. It will be important to 
remember this when we work with the �lesystem in later chapters. When using 
Visual Studio Code, or more accurately, the dotnet CLI, it has di�erent behavior, 
as you are about to see.
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If you never want to try Visual Studio Code or the dotnet command-line tool, then please feel free to 
skip this section, and then continue with the Making good use of the GitHub repository for this book section.

Both the instructions and screenshots in this section are for Windows, but the same actions will work 
with Visual Studio Code on the macOS and Linux variants.

The main di�erences will be native command-line actions such as deleting a �le: both the command 
and the path are likely to be di�erent on Windows or macOS and Linux. Luckily, the dotnet CLI tool 
itself and its commands are identical on all platforms.

Writing code using Visual Studio Code
Let�s get started writing code!

1.	 Start your favorite tool for working with the �lesystem, for example, File Explorer on Windows 
or Finder on Mac.

2.	 Navigate to your C: drive on Windows, your user folder on macOS or Linux (mine are named 
markjprice and home/markjprice), or any directory or drive in which you want to save your 
projects.

3.	 Create a new folder named cs12dotnet8. (If you completed the section for Visual Studio 2022, 
then this folder will already exist.)

4.	 In the cs12dotnet8 folder, create a new folder named Chapter01-vscode.

5.	 In the Chapter01-vscode folder, open the command prompt or terminal. For example, on 
Windows, right-click on the folder and then select Open in Terminal.

6.	 At the command prompt or terminal, use the dotnet CLI to create a new solution named 
Chapter01, as shown in the following command:

dotnet new sln --name Chapter01

7.	 Note the result, as shown in the following output:

The template "Solution File" was created successfully.

If you did not complete the section for Visual Studio 2022, then you could name 
this folder Chapter01, but I will assume you will want to complete both sections 
and therefore need to use a non-con�icting name.

You can use either -n or --name as the switch to specify a name. The default would 
match the name of the folder, for example, Chapter01-vscode.
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14.	 Navigate to View | Output.

15.	 In the OUTPUT pane, select C# Dev Kit and note the tool has recognized and processed the 
solution, as shown in Figure 1.11:

Figure 1.11: C# Dev Kit processing a solution file

16.	 At the bottom of EXPLORER, note the SOLUTION EXPLORER.

17.	 Drag SOLUTION EXPLORER to the top of the EXPLORER pane and expand it.

18.	 In SOLUTION EXPLORER, expand the HelloCS project, and then click the �le named Program.
cs to open it in the editor window.

19.	 In Program.cs, modify line 2 so that the text that is being written to the console says Hello, C#!.

Compiling and running code using the dotnet CLI
The next task is to compile and run the code:

1.	 In SOLUTION EXPLORER, right-click on any �le in the HelloCS project and choose Open In 
Integrated Terminal.

2.	 In TERMINAL, enter the following command: dotnet run.

Good Practice: Navigate to File | Auto Save. This toggle will save the annoyance of 
remembering to save before rebuilding your application each time.





Chapter 1 31

Adding a second project using Visual Studio Code
Let�s add a second project to explore how to work with multiple projects:

1.	 In TERMINAL, change to the Chapter01-vscode directory, as shown in the following command:

cd ..

2.	 In TERMINAL, enter the command to create a new console app project named 
AboutMyEnvironment using the older non-top-level program style, as shown in the following 
command:

dotnet new console -o AboutMyEnvironment --use-program-main

3.	 In TERMINAL, use the dotnet CLI to add the new project folder to the solution, as shown in 
the following command:

dotnet sln add AboutMyEnvironment

4.	 Note the results, as shown in the following output:

Project `AboutMyEnvironment\AboutMyEnvironment.csproj` added to the 
solution.

5.	 In SOLUTION EXPLORER, in the AboutMyEnvironment project, open Program.cs, and then in 
the Main method, change the existing statement to output the current directory, the operating 
system version string, and the namespace of the Program class, as shown in the following code:

Console.WriteLine(Environment.CurrentDirectory);
Console.WriteLine(Environment.OSVersion.VersionString);
Console.WriteLine("Namespace: {0}", typeof(Program).Namespace);

6.	 In SOLUTION EXPLORER, right-click on any �le in the AboutMyEnvironment project and choose 
Open In Integrated Terminal.

7.	 In TERMINAL, enter the command to run the project, as shown in the following command: 
dotnet run.

8.	 Note the output in the TERMINAL window, as shown in the following output and in Figure 1.13:

C:\cs12dotnet8\Chapter01-vscode\AboutMyEnvironment
Microsoft Windows NT 10.0.22621.0
Namespace: AboutMyEnvironment

Good Practice: Be careful when entering commands in TERMINAL. Be sure that 
you are in the correct folder before entering potentially destructive commands!
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Summary of steps for Visual Studio Code
Follow these steps to create a solution and projects using Visual Studio Code:

1.	 Create a folder for the solution, for example, Chapter01

2.	 Create a solution �le in the folder: dotnet new sln

3.	 Create a folder and project using a template: dotnet new console -o HelloCS

4.	 Add the folder and its project to the solution: dotnet sln add HelloCS

5.	 Repeat steps 3 and 4 to create and add any other projects.

6.	 Open the folder containing the solution using Visual Studio Code: code .

Summary of other project types used in this book
A Console App / console project is just one type of project template. In this book, you will also create 
projects using the following project templates, as shown in Table 1.5:

Visual Studio 2022 dotnet new JetBrains Rider - Type

Console App console Console Application

Class Library classlib Class Library

xUnit Test Project xunit Unit Test Project - xUnit

ASP.NET Core Empty web ASP.NET Core Web Application - Empty

Razor Class Library razorclasslib ASP.NET Core Web Application - Razor Class 
Library

ASP.NET Core Web App 
(Model-View-Controller)

mvc ASP.NET Core Web Application - Web App 
(Model-View-Controller)

ASP.NET Core Web API webapi ASP.NET Core Web Application - Web API

ASP.NET Core Web API 
(native AOT)

webapiaot ASP.NET Core Web Application - Web API 
(native AOT)

Blazor Web App blazor ASP.NET Core Web Application - Blazor Web 
App

Table 1.5: Project template names for various code editors

The steps for adding any type of new project to a solution are the same. Only the type name of the 
project template di�ers, and sometimes some command-line switches to control options. I will always 
specify what those switches and options should be if they di�er from the defaults.

A summary of project template defaults, options, and switches can be found here: https://github.
com/markjprice/cs12dotnet8/blob/main/docs/ch01-project-options.md.
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Making good use of the GitHub repository for this book
Git is a commonly used source code management system. GitHub is a company, website, and desktop 
application that makes it easier to manage Git. Microso� purchased GitHub in 2018, so it will continue 
to get closer integration with Microso� tools.

I created a GitHub repository for this book, and I use it for the following:

�	 To store the solution code for the book that can be maintained a�er the print publication date.

�	 To provide extra materials that extend the book, like errata �xes, small improvements, lists of 
useful links, and optional sections about topics that cannot �t in the printed book.

�	 To provide a place for readers to get in touch with me if they have issues with the book.

Understanding the solution code on GitHub
The solution code in the GitHub repository for this book includes folders for each chapter that can be 
opened with any of the following code editors:

�	 Visual Studio 2022 or JetBrains Rider: Open the .sln solution �le.

�	 Visual Studio Code: Open the folder that contains the solution �le.

Chapters 1 to 11 each have their own solution �le named ChapterXX.sln where XX is the chapter num-
ber. Chapters 12 to 15 share a single solution �le named PracticalApps.sln.

All the code solutions can be found at the following link:

https://github.com/markjprice/cs12dotnet8/tree/main/code

Raising issues with the book
If you get stuck following any of the instructions in this book, or if you spot a mistake in the text or 
the code in the solutions, please raise an issue in the GitHub repository:

1.	 Use your favorite browser to navigate to the following link: https://github.com/markjprice/
cs12dotnet8/issues.

2.	 Click New Issue.

Good Practice: I strongly recommend that all readers review the errata, improvements, 
post-publication changes, and common errors pages before attempting any coding task 
in this book. You can �nd them at the following link: https://github.com/markjprice/
cs12dotnet8/blob/main/docs/errata/errata.md.

Good Practice: If you need to, return to this chapter to remind yourself how to create and 
manage multiple projects in the code editor of your choice. The GitHub repository has 
step-by-step instructions for three code editors (Visual Studio 2022, Visual Studio Code, and 
JetBrains Rider), along with additional screenshots: https://github.com/markjprice/
cs12dotnet8/tree/main/docs/code-editors/.



Chapter 1 35

3.	 Enter as much detail as possible that will help me to diagnose the issue. For example:

�	 The speci�c section title, page number, and step number. 

�	 Your code editor, for example, Visual Studio 2022, Visual Studio Code, or something 
else, including the version number.

�	 As much of your code and con�guration that you feel is relevant and necessary.

�	 A description of the expected behavior and the behavior experienced.

�	 Screenshots (you can drag and drop image �les into the Issue box).

The following is less relevant but might be useful:

�	 Your operating system, for example, Windows 11 64-bit, or macOS Ventura version 13.5.2

�	 Your hardware, for example, Intel, Apple Silicon, or ARM CPU

I cannot always respond immediately to issues. But I want all my readers to be successful with my 
book, so if I can help you (and others) without too much trouble, then I will gladly do so.

Giving me feedback
If you�d like to give me more general feedback about the book, then either email me at markjprice@
gmail.com or ask me a question on Discord in the book channel. You can provide the feedback anon-
ymously, or if you would like a response from me, then you can supply an email address. I will only 
use this email address to answer your feedback.

Please join me and your fellow readers on Discord using this invite: https://packt.link/
csharp12dotnet8.

I recommend that you add the preceding link to your favorite bookmarks.

I love to hear from my readers about what they like about my book, as well as suggestions for improve-
ments and how they are working with C# and .NET, so don�t be shy. Please get in touch!

Thank you in advance for your thoughtful and constructive feedback.

Avoiding common mistakes
A�er working through the step-by-step tasks in this book, readers o�en then strike out on their own 
and attempt to write similar code, but sometimes they hit problems and either raise an issue in the 
GitHub repository or post a question to the Discord channel for the book.

From these, I have noted some common mistakes, so I maintain a page in the repository to highlight 
and explain these potential traps and how to �x them:

https://github.com/markjprice/cs12dotnet8/blob/main/docs/errata/common-mistakes.md
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Downloading solution code from the GitHub repository
If you just want to download all the solution �les without using Git, click the green Code button and 
then select Download ZIP, as shown in Figure 1.14:

Figure 1.14: Downloading the repository as a ZIP file

Using Git with Visual Studio Code and the command prompt
Visual Studio Code has integrations with Git, but it will use your operating system�s Git installation, so 
you must install Git 2.0 or later �rst before you get these features.

You can install Git from the following link: https://git-scm.com/download.

If you like to use a GUI, you can download GitHub Desktop from the following link: https://desktop.
github.com.

Good Practice: It is best to clone or download the code solutions to a short folder path, like 
C:\cs12dotnet8\ or C:\book\, to avoid build-generated �les exceeding the maximum 
path length. You should also avoid special characters like #. For example, do not use a 
folder name like C:\C# projects\. That folder name might work for a simple console 
app project but once you start adding features that automatically generate code, you are 
likely to have strange issues. Keep your folder names short and simple.
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Cloning the book solution code repository
Let�s clone the book solution code repository. In the steps that follow, you will use the Visual Studio 
Code terminal, but you could enter the commands at any command prompt or terminal window:

1.	 Create a folder named Repos-vscode in your user or Documents folder, or wherever you want 
to store your Git repositories.

2.	 Open the Repos-vscode folder at the command prompt or terminal, and then enter the fol-
lowing command:

git clone https://github.com/markjprice/cs12dotnet8.git

Looking for help
This section is all about how to �nd quality information about programming on the web.

Reading the documentation on Microsoft Learn
The de�nitive resource for getting help with Microso� developer tools and platforms is in the tech-
nical documentation on Microso� Learn, and you can �nd it at the following link: https://learn.
microsoft.com/en-us/docs.

Documentation links in this book
The o�cial Microso� documentation for .NET needs to cover all versions. The default version shown 
in the documentation is always the most recent GA version.

For example, between November 2023 and November 2024, the default version of .NET shown in 
documentation pages will be 8.0. Between November 2024 and November 2025, the default version 
of .NET will be 9.0. The following link will automatically direct to the current version depending on 
the current date:

https://learn.microsoft.com/en-us/dotnet/api/system.diagnostics.codeanalysis.
stringsyntaxattribute

To view the documentation page speci�cally for .NET 7, append ?view=net-7.0 to the end of a link. 
For example, use the following link:

https://learn.microsoft.com/en-us/dotnet/api/system.diagnostics.codeanalysis.stringsy
ntaxattribute?view=net-7.0

All documentation links in this book do not specify a version, so a�er November 2024, they will show 
the documentation pages for .NET 9.0. If you want to force the documentation to show the version 
for .NET 8.0, then append ?view=net-8.0 to the end of a link.

Note that cloning all the solutions for all the chapters will take a minute or so, so 
please be patient.
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You can check what versions a .NET feature supports by appending #applies-to to the end of a link, 
for example:

https://learn.microsoft.com/en-us/dotnet/api/system.diagnostics.codeanalysis.
stringsyntaxattribute#applies-to

We can therefore see that the StringSyntax attribute is only available in .NET 7 or later.

Getting help for the dotnet tool
At the command prompt, you can ask the dotnet tool for help with its commands. The syntax is:

dotnet help <command>

This will cause your web browser to open a page in the documentation about the speci�ed command. 
Common dotnet commands include new, build, run, and many more.

Another type of help is command-line documentation. It follows this syntax:

dotnet <command> -?|-h|--help

For example, dotnet new -? or dotnet new -h or dotnet new --help outputs documentation about 
the new command at the command prompt.

Let�s try some examples:

1.	 To open the o�cial documentation in a web browser window for the dotnet build command, 
enter the following at the command prompt or in the Visual Studio Code terminal, and note 
the page opened in your web browser, as shown in Figure 1.15:

dotnet help build

Warning! The dotnet help new command worked with .NET Core 3.1 to .NET 6, but it 
returns an error with .NET 7 or later: Specified command 'new' is not a valid SDK 
command. Specify a valid SDK command. For more information, run dotnet 
help. Hopefully, they will �x that bug soon!

As you should now expect, dotnet help help opens a web browser for the help command, 
and dotnet help -h outputs documentation for the help command at the command 
prompt!
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Getting definitions of types and their members
One of the most useful features of a code editor is Go To De�nition (F12). It is available in Visual Studio 
Code, Visual Studio 2022, and JetBrains Rider. It will show what the public de�nition of the type or 
member looks like by reading the metadata in the compiled assembly.

Some tools, such as ILSpy .NET Decompiler, will even reverse-engineer from the metadata and IL 
code back into C# or another language for you.

A similar and related feature is named Go To Implementation (Ctrl + F12). Instead of reading the 
metadata or decompiling, this will show the actual source code if that is embedded using the optional 
source link feature.

Let�s see how to use the Go To De�nition feature:

1.	 In your preferred code editor, open the solution/folder named Chapter01.

If you are using Visual Studio 2022:

�	 Navigate to Tools | Options.

�	 In the search box, enter navigation to source.

�	 Select Text Editor | C# | Advanced.

�	 Clear the Enable navigation to Source Link and Embedded sources check box, and 
then click OK, as shown in Figure 1.16:

Figure 1.16: Disabling Source Link for the Go To Definition feature

Warning! Go To De�nition should go to the decompiled metadata for a member or type. 
But if you have previously viewed the source link, then it goes to the source link. Go To 
Implementation should go to the source link implementation for a member or type. But 
if you have disabled the source link, then it goes to the decompiled metadata.
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Configuring inline aka inlay hints
Throughout the code in this book, when calling a method, I o�en explicitly specify named parameters 
to help the reader learn what is going on. For example, I have speci�ed the names of the parameters 
format and arg0 in the following code:

Console.WriteLine(format: "Value is {0}.", arg0: 19.8);

Inline hints, aka inlay hints, show the names of parameters without you having to type them, as 
shown in Figure 1.19:

Figure 1.19: Configuring inline hints, aka inlay hints

Most code editors have this feature that you can enable permanently or only when a key combination 
like Alt + F1 or Ctrl is held down:

�	 In Visual Studio 2022, navigate to Tools | Options, navigate to Text Editor | C# | Advanced, scroll 
down to the Inline Hints section, select the Display inline parameter hint names check box, 
and then click OK.

�	 In Visual Studio Code, navigate to File | Preferences | Settings, search for inlay, select the C# 
�lter, and then select the Display inline parameter name hints check box.

�	 In JetBrains Rider, in Settings, navigate to Editor | Inlay Hints | C# | Parameter Name Hints.

Looking for answers on Stack Overflow
Stack Over�ow is the most popular third-party website for getting answers to di�cult programming 
questions. Let�s see an example:

1.	 Start your favorite web browser.
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2.	 Navigate to stackoverflow.com; in the search box, enter securestring and note the search 
results, which are shown in Figure 1.20:

Figure 1.20: Stack Overflow search results for securestring

Searching for answers using Google
You can search Google with advanced search options to increase the likelihood of �nding what you need:

1.	 Navigate to Google at the following link: https://www.google.com/.

2.	 Search for information about garbage collection using a simple Google query and note that 
you will probably see a lot of ads for garbage collection services in your local area before you 
see the Wikipedia de�nition of garbage collection in computer science.

3.	 Improve the search by restricting it to a useful site such as Stack Over�ow, and by removing 
languages that we might not care about, such as C++, Rust, and Python, or by adding C# and 

.NET explicitly, as shown in the following search query:

garbage collection site:stackoverflow.com +C# -Java

Searching the .NET source code
Sometimes you can learn a lot from seeing how the Microso� teams have implemented .NET. The 
source for the entire code base for .NET is available in public GitHub repositories. For example, you 
might know that there is a built-in attribute to validate an email address. Let�s search the repositories 
for the word �email� and see if we can �nd out how it works:

1.	 Use your preferred web browser to navigate to https://github.com/search.

2.	 Click advanced search.

3.	 In the search box, type email.
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Subscribing to the official .NET blog
To keep up to date with .NET, an excellent blog to subscribe to is the o�cial .NET blog, written by 
the .NET engineering teams, and you can �nd it at the following link: https://devblogs.microsoft.
com/dotnet/.

Watching Scott Hanselman’s videos
Scott Hanselman from Microso� has an excellent YouTube channel about computer stu� they didn�t 
teach you at school: http://computerstufftheydidntteachyou.com/.

I recommend it to everyone working with computers.

AI tools like ChatGPT and GitHub Copilot
One of the biggest changes in coding and development in the past year is the emergence of genera-
tive arti�cial intelligence (AI) tools that can help with coding tasks like completing a code statement, 
implementing an entire function, writing unit tests, and suggesting debugging �xes for existing code. 

ChatGPT currently has two models: 3.5 (free) and 4.0 ($20 per month).

Let�s say you need to write a C# function to validate an email address. You might go to ChatGPT and 
enter the following prompt:

write a c# function to validate an email address

You can read what developers say about AI tools in the 2023 Stack Over�ow Developer 
Survey. �44% of them use AI tools in their development process now, and 26% plan to 
soon.�: https://stackoverflow.blog/2023/06/14/hype-or-not-developers-have-
something-to-say-about-ai/.







Chapter 1 49

Microso� feeds its AI tools with code from public GitHub repositories, including all the repositories I 
have created since 2016 for all the editions of this book. This means that it can suggest code comple-
tions for the readers of this book that are surprisingly accurate predictions, including my frequent use 
of pop culture references in my code. It�s like I, Mark J. Price, am the �ghost in the machine� guiding 
your coding.

It�s easy to imagine a custom ChatGPT that has ingested all the o�cial Microso� .NET documentation, 
every public blog article written about .NET, and perhaps even hundreds of books about .NET, and 
having a conversation with it to �nd a bug or suggest how to solve a programming problem.

Disabling tools when they get in the way
Although these tools can be helpful, they can also get in your way, especially when learning, because 
they sometimes do work for you without telling you. If you do not do that work for yourself at least a 
few times, you won�t learn fully.

To con�gure IntelliSense for C# in Visual Studio 2022:

1.	 Navigate to Tools | Options.

2.	 In the Options dialog box tree view, navigate to Text Editor | C# | IntelliSense.

3.	 Click the ? button in the caption bar to view the documentation.

To con�gure GitHub Copilot X in Visual Studio 2022:

1.	 Navigate to Tools | Options.

2.	 In the Options dialog box tree view, navigate to GitHub | Copilot.

3.	 Set Enable Globally to True or False, and then click OK.

To disable GitHub Copilot X in Visual Studio Code:

1.	 In the status bar, on the right, to the le� of the noti�cation icon, click the GitHub Copilot icon.

2.	 In the popup, click Disable Globally.

3.	 To enable, click the GitHub Copilot icon again and then click Enable Globally.

You can sign up for GitHub Copilot at the following link: https://github.com/github-
copilot/signup/.

For help with JetBrains Rider IntelliSense, please see the following link: https://www.
jetbrains.com/help/rider/Auto-Completing_Code.html.
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Practicing and exploring
Let�s now test your knowledge and understanding by trying to answer some questions, getting some 
hands-on practice, and going into the topics covered throughout this chapter in greater detail.

Exercise 1.1 – Test your knowledge
Try to answer the following questions, remembering that although most answers can be found in this 
chapter, you should do some online research or code writing to answer others:

1.	 Is Visual Studio 2022 better than Visual Studio Code?

2.	 Are .NET 5 and later better than .NET Framework?

3.	 What is .NET Standard and why is it still important?

4.	 Why can a programmer use di�erent languages, for example, C# and F#, to write applications 
that run on .NET?

5.	 What is a top-level program and how do you access any command-line arguments?

6.	 What is the name of the entry point method of a .NET console app and how should it be ex-
plicitly declared if you are not using the top-level program feature?

7.	 What namespace is the Program class de�ned in with a top-level program?

8.	 Where would you look for help for a C# keyword?

9.	 Where would you look �rst for solutions to common programming problems?

10.	 What should you do a�er getting an AI to write code for you?

Exercise 1.2 – Practice C# anywhere with a browser
You don�t need to download and install Visual Studio Code or even Visual Studio 2022 to write C#. You 
can start coding online at any of the following links:

�	 Visual Studio Code for Web: https://vscode.dev/

�	 SharpLab: https://sharplab.io/

�	 C# Online Compiler | .NET Fiddle: https://dotnetfiddle.net/

�	 W3Schools C# Online Compiler: https://www.w3schools.com/cs/cs_compiler.php

Exercise 1.3 – Explore topics
A book is a curated experience. I have tried to �nd the right balance of topics to include in the printed 
book. Other content that I have written can be found in the GitHub repository for this book.

I believe that this book covers all the fundamental knowledge and skills a C# and .NET developer should 
have or be aware of. Some longer examples are best included as links to Microso� documentation or 
third-party article authors.

Appendix, Answers to the Test Your Knowledge Questions, is available to download from 
a link in the README in the GitHub repository: https://github.com/markjprice/
cs12dotnet8.
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Use the links on the following page to learn more details about the topics covered in this chapter:

https://github.com/markjprice/cs12dotnet8/blob/main/docs/book-links.md#chapter-1---
hello-c-welcome-net

Exercise 1.4 – Explore Polyglot Notebooks
Complete the following online-only section to explore how you can use Polyglot Notebooks with its 

.NET Interactive engine:

https://github.com/markjprice/cs12dotnet8/blob/main/docs/ch01-polyglot-notebooks.md

Exercise 1.5 – Explore themes of modern .NET
Microso� has created a website using Blazor that shows the major themes of modern .NET: https://
themesof.net/.

Exercise 1.6 – Free Code Camp and C# certification
For many years, Microso� had an exam for C# 5, Exam 70-483: Programming in C#. I taught hundreds 
of developers the skills needed to get quali�ed and pass it. Sadly, that exam was retired a few years ago.

In August 2023, Microso� announced a new foundational certi�cation for C# alongside a free 35-hour 
online course. You can read more about how to qualify for the certi�cation at the following link:

https://www.freecodecamp.org/learn/foundational-c-sharp-with-microsoft/

Exercise 1.7 – Alpha versions of .NET
You can (but probably shouldn�t) download future versions of .NET including alpha versions from the 
following link:

https://github.com/dotnet/installer#table

For example, in August 2023, you could download .NET SDK 9 alpha, which included an early release 
candidate of the .NET 8 runtime, although so few people did so that Edge gave a warning and tried to 
stop you, as shown in Figure 1.24:

Figure 1.24: Download page for alpha versions of .NET
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For more about using .NET 9 or 10 with this book, please see the following link: https://github.com/
markjprice/cs12dotnet8/blob/main/docs/dotnet9.md.

Summary
In this chapter, we:

�	 Set up your development environment.

�	 Discussed the similarities and di�erences between modern .NET, .NET Core, .NET Framework, 
Xamarin, and .NET Standard in an online article.

�	 Used Visual Studio 2022 and Visual Studio Code with the .NET SDK CLI to create a couple of 
simple console apps grouped in a solution.

�	 Learned how to download the solution code for this book from its GitHub repository.

�	 Learned how to �nd help. This could be in the traditional way, by using help command switch-
es, documentation, and articles, or the modern way, by having a conversation with a coding 
expert AI, or using an AI-based tool to perform �grunt work.�

In the next chapter, you will learn how to �speak� C#.

Learn more on Discord
To join the Discord community for this book � where you can share feedback, ask questions to the 
author, and learn about new releases � follow the QR code below:

https://packt.link/csharp12dotnet8

Warning! Alpha versions are designed to be used only internally by Microso� employees. 
Beta versions (o�cial previews) are designed to be used externally and are publicized in 
Microso� blog posts. Personally, I would not download an alpha of .NET 9 until December 
2023 when it might have some new features compared to .NET 8. Once o�cial previews of 

.NET 9 become available in February 2024, I recommend using those instead.
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// An integer is a negative or positive whole number or 0.
int integerNumber = -23;

// A float is a single-precision floating-point number.
// The F or f suffix makes the value a float literal.
// The suffix is required to compile.
float realNumber = 2.3f;

// A double is a double-precision floating-point number.
// double is the default for a number value with a decimal point.
double anotherRealNumber = 2.3; // A double literal value.

Storing whole numbers
You might know that computers store everything as bits. The value of a bit is either 0 or 1. This is called 
a binary number system. Humans use a decimal number system.

The decimal number system, also known as Base 10, has 10 as its base, meaning there are 10 digits, 
from 0 to 9. Although it is the number base most used by human civilizations, other number base 
systems are popular in science, engineering, and computing. The binary number system, also known 
as Base 2, has two as its base, meaning there are two digits, 0 and 1.

The following image shows how computers store the decimal number 10. Take note of the bits with 
the value 1 in the 8 and 2 columns; 8 + 2 = 10:

Figure 2.4: How computers store the decimal number 10

So, 10 in decimal is 00001010 in a binary byte (8 bits).

Improving legibility by using digit separators
Two of the improvements seen in C# 7 and later are the use of the underscore character _ as a digit 
separator and support for binary literals.

You can insert underscores anywhere into the digits of a number literal, including decimal, binary, or 
hexadecimal notation, to improve legibility.

For example, you could write the value for 1 million in decimal notation, that is, Base 10, as 1_000_000.

You can even use the 2/3 grouping common in India: 10_00_000.

Using binary or hexadecimal notation
To use binary notation, that is, Base 2, using only 1s and 0s, start the number literal with 0b. To use 
hexadecimal notation, that is, Base 16, using 0 to 9 and A to F, start the number literal with 0x.
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Exploring whole numbers
Let�s enter some code to see some examples:

1.	 In the Numbers project, in Program.cs, type statements to declare some number variables 
using underscore separators, as shown in the following code:

int decimalNotation = 2_000_000;
int binaryNotation = 0b_0001_1110_1000_0100_1000_0000; 
int hexadecimalNotation = 0x_001E_8480;

// Check the three variables have the same value.
Console.WriteLine($"{decimalNotation == binaryNotation}"); 
Console.WriteLine(
  $"{decimalNotation == hexadecimalNotation}");

// Output the variable values in decimal.
Console.WriteLine($"{decimalNotation:N0}");
Console.WriteLine($"{binaryNotation:N0}");
Console.WriteLine($"{hexadecimalNotation:N0}");

// Output the variable values in hexadecimal.
Console.WriteLine($"{decimalNotation:X}");
Console.WriteLine($"{binaryNotation:X}");
Console.WriteLine($"{hexadecimalNotation:X}");

2.	 Run the project and note the result is that all three numbers are the same, as shown in the 
following output:

True
True
2,000,000
2,000,000
2,000,000
1E8480
1E8480
1E8480

Computers can always exactly represent integers using the int type or one of its sibling types, such 
as long and short.
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Storing real numbers
Computers cannot always represent real, aka decimal or non-integer, numbers precisely. The float 
and double types store real numbers using single- and double-precision �oating points.

Most programming languages implement the Institute of Electrical and Electronics Engineers (IEEE) 
Standard for Floating-Point Arithmetic. IEEE 754 is a technical standard for �oating-point arithmetic 
established in 1985 by the IEEE.

The following image shows a simpli�cation of how a computer represents the number 12.75 in binary 
notation. Note the bits with the value 1 in the 8, 4, ‰, and … columns.

8 + 4 + ‰ + … = 12¾ = 12.75.

Figure 2.5: Computer representing the number 12.75 in binary notation

So, 12.75 in decimal is 00001100.1100 in binary. As you can see, the number 12.75 can be exactly rep-
resented using bits. However, most numbers can�t, which is something that we�ll be exploring shortly.

Writing code to explore number sizes
C# has an operator named sizeof() that returns the number of bytes that a type uses in memory. 
Some types have members named MinValue and MaxValue, which return the minimum and maximum 
values that can be stored in a variable of that type. We are now going to use these features to create a 
console app to explore number types:

1.	 In Program.cs, at the bottom of the �le, type statements to show the size of three number data 
types, as shown in the following code:

Console.WriteLine($"int uses {sizeof(int)} bytes and can store numbers in 
the range {int.MinValue:N0} to {int.MaxValue:N0}."); 
Console.WriteLine($"double uses {sizeof(double)} bytes and can store 
numbers in the range {double.MinValue:N0} to {double.MaxValue:N0}."); 
Console.WriteLine($"decimal uses {sizeof(decimal)} bytes and can store 
numbers in the range {decimal.MinValue:N0} to {decimal.MaxValue:N0}.");

Warning! The width of the printed pages in this book makes the string values 
(in double quotes) wrap over multiple lines. You must type them on a single line, 
or you will get compile errors.
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2.	 Run the code and view the output, as shown in Figure 2.6:

Figure 2.6: Size and range information for common number data types

An int variable uses four bytes of memory and can store positive or negative numbers up to about 2 
billion. A double variable uses 8 bytes of memory and can store much bigger values! A decimal variable 
uses 16 bytes of memory and can store big numbers, but not as big as a double type.

But you may be asking yourself, why might a double variable be able to store bigger numbers than a 
decimal variable, yet it�s only using half the space in memory? Well, let�s now �nd out!

Comparing double and decimal types
You will now write some code to compare double and decimal values. Although it isn�t hard to follow, 
don�t worry about understanding the syntax right now:

1.	 Type statements to declare two double variables, add them together, and compare them to the 
expected result. Then, write the result to the console, as shown in the following code:

Console.WriteLine("Using doubles:"); 
double a = 0.1;
double b = 0.2;
if (a + b == 0.3)
{
  Console.WriteLine($"{a} + {b} equals {0.3}");
}
else
{
  Console.WriteLine($"{a} + {b} does NOT equal {0.3}");
}
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The float and double types have some useful special values: NaN represents not-a-number (for example, 
the result of dividing by zero), Epsilon represents the smallest positive number that can be stored in 
a float or double, and PositiveInfinity and NegativeInfinity represent in�nitely large positive 
and negative values. They also have methods for checking for these special values like IsInfinity 
and IsNaN.

New number types and unsafe code
The System.Half type was introduced in .NET 5. Like float and double, it can store real numbers. It 
normally uses two bytes of memory. The System.Int128 and System.UInt128 types were introduced 
in .NET 7. Like int and uint, they can store signed (positive and negative) and unsigned (only zero 
and positive) integer values. They normally use 16 bytes of memory.

For these new number types, the sizeof operator only works in an unsafe code block, and you must 
compile the project using an option to enable unsafe code. Let�s explore how this works:

1.	 In Program.cs, at the bottom of the �le, type statements to show the size of the Half and Int128 
number data types, as shown in the following code:

unsafe
{
  Console.WriteLine($"Half uses {sizeof(Half)} bytes and can store 
numbers in the range {Half.MinValue:N0} to {Half.MaxValue:N0}."); 
  Console.WriteLine($"Int128 uses {sizeof(Int128)} bytes and can store 
numbers in the range {Int128.MinValue:N0} to {Int128.MaxValue:N0}.");
}

2.	 In Numbers.csproj, add an element to enable unsafe code, as shown highlighted in the fol-
lowing markup:

<PropertyGroup>
  <OutputType>Exe</OutputType>
  <TargetFramework>net8.0</TargetFramework>
  <ImplicitUsings>enable</ImplicitUsings>
  <Nullable>enable</Nullable>
  <AllowUnsafeBlocks>True</AllowUnsafeBlocks>
</PropertyGroup>

3.	 Run the Numbers project and note the sizes of the two new number types, as shown in the 
following output:

Half uses 2 bytes and can store numbers in the range -65,504 to 65,504.
Int128 uses 16 bytes and can store numbers in the range -170,141,183,460, 
469,231,731,687,303,715,884,105,728 to 170,141,183,460,469,231,731,687, 
303,715,884,105,727.
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Storing Booleans
Booleans can only contain one of the two literal values true or false, as shown in the following code:

bool happy = true; 
bool sad = false;

They are most used to branch and loop. You don�t need to fully understand them yet, as they are cov-
ered more in Chapter 3, Controlling Flow, Converting Types, and Handling Exceptions.

Storing any type of object
There is a special type named object that can store any type of data, but its �exibility comes at the 
cost of messier code and possibly poor performance. Because of those two reasons, you should avoid 
it whenever possible. The following steps show you how to use object types if you need to use them 
because you must use a Microso� or third-party library that uses them:

1.	 Use your preferred code editor to add a new Console App / console project named Variables 
to the Chapter02 solution.

2.	 In Program.cs, delete the existing statements and then type statements to declare and use 
some variables using the object type, as shown in the following code:

object height = 1.88; // Storing a double in an object.
object name = "Amir"; // Storing a string in an object.
Console.WriteLine($"{name} is {height} metres tall.");

int length1 = name.Length; // This gives a compile error!
int length2 = ((string)name).Length; // Cast name to a string.
Console.WriteLine($"{name} has {length2} characters.");

More Information: The sizeof operator requires an unsafe code block except for the 
commonly used types like int and byte. You can learn more about sizeof at the following 
link: https://learn.microsoft.com/en-us/dotnet/csharp/language-reference/
operators/sizeof. Unsafe code cannot have its safety veri�ed. You can learn more 
about unsafe code blocks at the following link: https://learn.microsoft.com/en-us/
dotnet/csharp/language-reference/unsafe-code.
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3.	 Run the code and note that the fourth statement cannot compile because the data type of the 
name variable is not known by the compiler, as shown in Figure 2.8:

Figure 2.8: The object type does not have a Length property

4.	 Add double slashes to the beginning of the statement that cannot compile to comment out the 
statement, making it inactive.

5.	 Run the code again and note that the compiler can access the length of a string if the pro-
grammer explicitly tells the compiler that the object variable contains a string by pre�xing 
the name variable with a cast expression like (string)name. The results can then successfully 
be written to the console, as shown in the following output:

Amir is 1.88 meters tall.
Amir has 4 characters.

You will learn about cast expressions in Chapter 3, Controlling Flow, Converting Types, and Handling 
Exceptions.

The object type has been available since the �rst version of C#, but C# 2 and later have a better alter-
native called generics, which we will cover in Chapter 6, Implementing Interfaces and Inheriting Classes. 
This will provide us with the �exibility we want but without the performance overhead.

Storing dynamic types
There is another special type named dynamic that can also store any type of data, but even more than 
object, its �exibility comes at the cost of performance. The dynamic keyword was introduced in C# 
4. However, unlike object, the value stored in the variable can have its members invoked without an 
explicit cast. Let�s make use of a dynamic type:

1.	 Add statements to declare a dynamic variable. Assign a string literal value, and then an integer 
value, and then an array of integer values. Finally, add a statement to output the length of the 
dynamic variable, as shown in the following code:

dynamic something;

// Storing an array of int values in a dynamic object.
// An array of any type has a Length property.
something = new[] { 3, 5, 7 };
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Exceptions are a way to indicate that something has gone wrong at runtime. You will learn more about 
them and how to handle them in Chapter 3, Controlling Flow, Converting Types, and Handling Exceptions.

Dynamic types are most useful when interoperating with non-.NET systems. For example, you might 
need to work with a class library written in F#, Python, or some JavaScript. You might also need to 
interop with technologies like the Component Object Model (COM), for example, when automating 
Excel or Word.

Declaring local variables
Local variables are declared inside methods, and they only exist during the execution of that method. 
Once the method returns, the memory allocated to any local variables is released.

Strictly speaking, value types are released while reference types must wait for garbage collection. 
You will learn about the di�erence between value types and reference types and how to make sure 
that only one garbage collection is needed rather than two when releasing unmanaged resources in 
Chapter 6, Implementing Interfaces and Inheriting Classes.

Specifying the type of a local variable
Let�s explore local variables declared with speci�c types and using type inference:

�	 Type statements to declare and assign values to some local variables using speci�c types, as 
shown in the following code:

int population = 67_000_000; // 67 million in UK.
double weight = 1.88; // in kilograms.
decimal price = 4.99M; // in pounds sterling.
string fruit = "Apples"; // string values use double-quotes.
char letter = 'Z'; // char values use single-quotes.
bool happy = true; // Booleans can only be true or false.

Depending on your code editor and color scheme, it will show green squiggles under each of the 
variable names and lighten their text color to warn you that the variable is assigned but its value is 
never used.

Inferring the type of a local variable
You can use the var keyword to declare local variables with C# 3 and later. The compiler will infer the 
type from the value that you assign a�er the assignment operator, =. This happens at compile time so 
using var has no e�ect on runtime performance.

A literal number without a decimal point is inferred as an int variable, that is, unless you add a su�x, 
as described in the following list:

�	 L: Compiler infers long

�	 UL: Compiler infers ulong

�	 M: Compiler infers decimal
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Using target-typed new to instantiate objects
With C# 9, Microso� introduced another syntax for instantiating objects, known as target-typed new. 
When instantiating an object, you can specify the type �rst and then use new without repeating the 
type, as shown in the following code:

XmlDocument xml3 = new(); // Target-typed new in C# 9 or later.

If you have a type with a �eld or property that needs to be set, then the type can be inferred, as shown 
in the following code:

// In Program.cs.
Person kim = new();
kim.BirthDate = new(1967, 12, 26); // i.e. new DateTime(1967, 12, 26)

// In a separate Person.cs file or at the bottom of Program.cs.
class Person
{
  public DateTime BirthDate;
}

This way of instantiating objects is especially useful with arrays and collections because they have 
multiple objects, o�en of the same type, as shown in the following code:

List<Person> people = new() // Instead of: new List<Person>()
{
  new() { FirstName = "Alice" }, // Instead of: new Person() { ... }
  new() { FirstName = "Bob" },
  new() { FirstName = "Charlie" }
};

You will learn about arrays in Chapter 3, Controlling Flow, Converting Types, and Handling Exceptions, 
and collections in Chapter 8, Working with Common .NET Types.

Good Practice: Use target-typed new to instantiate objects because it requires fewer char-
acters, when reading a statement from le� to right, as in English, you immediately know 
the type of the variable, and it is not limited to local variables like var is. IMHO, the only 
reason not to use target-typed new is if you must use a pre-version 9 C# compiler. I do 
acknowledge that my opinion is not accepted by the whole C# community. I have used 
target-typed new throughout the remainder of this book. Please let me know if you spot 
any cases that I missed!
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Getting and setting the default values for types
Most of the primitive types except string are value types, which means that they must have a value. 
You can determine the default value of a type by using the default() operator and passing the type 
as a parameter. You can assign the default value of a type by using the default keyword.

The string type is a reference type. This means that string variables contain the memory address 
of a value, not the value itself. A reference type variable can have a null value, which is a literal that 
indicates that the variable does not reference anything (yet). null is the default for all reference types.

You�ll learn more about value types and reference types in Chapter 6, Implementing Interfaces and 
Inheriting Classes.

Let�s explore default values:

1.	 Add statements to show the default values of an int, a bool, a DateTime, and a string, as 
shown in the following code:

Console.WriteLine($"default(int) = {default(int)}"); 
Console.WriteLine($"default(bool) = {default(bool)}"); 
Console.WriteLine($"default(DateTime) = {default(DateTime)}"); 
Console.WriteLine($"default(string) = {default(string)}");

2.	 Run the code and view the result. Note that your output for the date and time might be format-
ted di�erently if you are not running it in the UK because date and time values are formatted 
using the current culture of your computer, and that null values output as an empty string, 
as shown in the following output:

default(int) = 0 
default(bool) = False
default(DateTime) = 01/01/0001 00:00:00 
default(string) =

3.	 Add statements to declare a number, assign a value, and then reset it to its default value, as 
shown in the following code:

int number = 13;
Console.WriteLine($"number set to: {number}");
number = default;
Console.WriteLine($"number reset to its default: {number}");

4.	 Run the code and view the result, as shown in the following output:

number set to: 13
number reset to its default: 0
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Exploring more about console apps
We have already created and used basic console apps, but we�re now at a stage where we should delve 
into them more deeply.

Console apps are text-based and are run at the command prompt. They typically perform simple 
tasks that need to be scripted, such as compiling a �le or encrypting a section of a con�guration �le.

Equally, they can also have arguments passed to them to control their behavior.

An example of this would be to create a new console app using the F# language with a speci�ed name 
instead of using the name of the current folder, as shown in the following command:

dotnet new console -lang "F#" --name "ExploringConsole"

Displaying output to the user
The two most common tasks that a console app performs are writing and reading data. We have 
already used the WriteLine method to output, but if we didn�t want a carriage return at the end of a 
line, for example, if we later wanted to continue to write more text at the end of that line, we could 
have used the Write method.

If you want to write three letters to the console without carriage returns a�er them, then call the Write 
method, as shown in the following code:

Write("A");
Write("B");
Write("C");

This would write the three characters on a single line and leave the cursor at the end of the line, as 
shown in the following output:

ABC

If you want to write three letters to the console with carriage returns a�er them, then call the WriteLine 
method, as shown in the following code:

WriteLine("A");
WriteLine("B");
WriteLine("C");

This would write three lines and leave the cursor on the fourth line:

A
B
C
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Formatting using numbered positional arguments
One way of generating formatted strings is to use numbered positional arguments.

This feature is supported by methods like Write and WriteLine. For methods that do not support the 
feature, the string parameter can be formatted using the Format method of string.

Let�s begin formatting:

1.	 Use your preferred code editor to add a new Console App / console project named Formatting 
to the Chapter02 solution.

2.	 In Program.cs, delete the existing statements and then type statements to declare some number 
variables and write them to the console, as shown in the following code:

int numberOfApples = 12; 
decimal pricePerApple = 0.35M;

Console.WriteLine(
  format: "{0} apples cost {1:C}", 
  arg0: numberOfApples,
  arg1: pricePerApple * numberOfApples);

string formatted = string.Format(
  format: "{0} apples cost {1:C}",
  arg0: numberOfApples,
  arg1: pricePerApple * numberOfApples);

//WriteToFile(formatted); // Writes the string into a file.

The Write, WriteLine, and Format methods can have up to three numbered arguments, named 
arg0, arg1, and arg2. If you need to pass more than three values, then you cannot name them.

3.	 In Program.cs, type statements to write three and then �ve arguments to the console, as shown 
in the following code:

// Three parameter values can use named arguments.
Console.WriteLine("{0} {1} lived in {2}.", 
  arg0: "Roger", arg1: "Cevung", arg2: "Stockholm");

// Four or more parameter values cannot use named arguments.
Console.WriteLine(

The WriteToFile method is a nonexistent method used to illustrate the idea.
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  "{0} {1} lived in {2} and worked in the {3} team at {4}.", 
  "Roger", "Cevung", "Stockholm", "Education", "Optimizely");

JetBrains Rider and its warnings about boxing
If you use JetBrains Rider and you have installed the Unity Support plugin, then it will complain a lot 
about boxing. A common scenario when boxing happens is when value types like int and DateTime 
are passed as positional arguments to string formats. This is a problem for Unity projects because 
they use a di�erent memory garbage collector to the normal .NET runtime. For non-Unity projects, 
like all the projects in this book, you can ignore these boxing warnings because they are not relevant. 
You can read more about this Unity-speci�c issue at the following link: https://docs.unity3d.com/
Manual/performance-garbage-collection-best-practices.html#boxing.

Formatting using interpolated strings
C# 6 and later have a handy feature named interpolated strings. A string pre�xed with $ can use 
curly braces around the name of a variable or expression to output the current value of that variable 
or expression at that position in the string, as the following shows:

1.	 Enter a statement at the bottom of the Program.cs �le, as shown in the following code:

// The following statement must be all on one line when using C# 10
// or earlier. If using C# 11 or later, we can include a line break
// in the middle of an expression but not in the string text.
Console.WriteLine($"{numberOfApples} apples cost {pricePerApple 
  * numberOfApples:C}");

2.	 Run the code and view the result, as shown in the following partial output:

12 apples cost £4.20

For short, formatted string values, an interpolated string can be easier for people to read. But for 
code examples in a book, where statements need to wrap over multiple lines, this can be tricky. For 
many of the code examples in this book, I will use numbered positional arguments. Another reason 
to avoid interpolated strings is that they can�t be read from resource �les to be localized.

The next code example is not meant to be entered in your project.

Good Practice: Once you become more comfortable with formatting strings, you 
should stop naming the parameters, for example, stop using format:, arg0:, and 
arg1:. The preceding code uses a non-canonical style to show where the 0 and 1 
came from while you are learning.
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Before C# 10, string constants could only be combined by using concatenation with the + operator, 
as shown in the following code:

private const string firstname = "Omar";
private const string lastname = "Rudberg";
private const string fullname = firstname + " " + lastname;

With C# 10, interpolated strings (pre�xed with $) can now be used, as shown in the following code:

private const string fullname = $"{firstname} {lastname}";

This only works for combining string constant values. It cannot work with other types like numbers, 
which would require runtime data type conversions. You cannot enter private const declarations 
in a top-level program like Program.cs. You will see how to use them in Chapter 5, Building Your Own 
Types with Object-Oriented Programming.

Understanding format strings
A variable or expression can be formatted using a format string a�er a comma or colon.

An N0 format string means a number with thousand separators and no decimal places, while a C format 
string means currency. The currency format will be determined by the current thread.

For instance, if you run code that uses the number or currency format on a PC in the UK, you�ll get 
pounds sterling with commas as the thousand separators, but if you run it on a PC in Germany, you 
will get euros with dots as the thousand separators.

The full syntax of a format item is:

{ index [, alignment ] [ : formatString ] }

Each format item can have an alignment, which is useful when outputting tables of values, some of 
which might need to be le�- or right-aligned within a width of characters. Alignment values are inte-
gers. Positive integers mean right-aligned and negative integers mean le�-aligned.

For example, to output a table of fruit and how many of each there are, we might want to le�-align the 
names within a column of 10 characters and right-align the counts formatted as numbers with zero 
decimal places within a column of six characters:

1.	 At the bottom of Program.cs, enter the following statements:

string applesText = "Apples"; 
int applesCount = 1234;
string bananasText = "Bananas"; 
int bananasCount = 56789;

Good Practice: If you are writing code that will be part of a Unity project, then interpolated 
string formats is an easy way to avoid boxing.
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Console.WriteLine();

Console.WriteLine(format: "{0,-10} {1,6}",
  arg0: "Name", arg1: "Count");

Console.WriteLine(format: "{0,-10} {1,6:N0}",
  arg0: applesText, arg1: applesCount);

Console.WriteLine(format: "{0,-10} {1,6:N0}",
  arg0: bananasText, arg1: bananasCount);

2.	 Run the code and note the e�ect of the alignment and number format, as shown in the fol-
lowing output:

Name          Count
Apples        1,234
Bananas      56,789

Custom number formatting
You can take complete control of number formatting using custom format codes, as shown in Table 2.8:

Format code Description

0 Zero placeholder. Replaces the zero with the corresponding digit if present; otherwise, 
it uses zero. For example, 0000.00 formatting the value 123.4 would give 0123.40.

# Digit placeholder. Replaces the hash with the corresponding digit if present; otherwise, 
it  uses nothing. For example, ####.## formatting the value 123.4 would give 123.4.

. Decimal point. Sets the location of the decimal point in the number. Respects culture 
formatting, so it is a . (dot) in US English but a , (comma) in French.

,

Group separator. Inserts a localized group separator between each group. For example, 
0,000 formatting the value 1234567 would give 1,234,567. Also used to scale a 
number by dividing by multiples of 1,000 for each comma. For example, 0.00,, 
formatting the value 1234567 would give 1.23 because the two commas mean divide 
by 1,000 twice.

% Percentage placeholder. Multiplies the value by 100 and adds a percentage character.

\ Escape character. Makes the next character a literal instead of a format code. For 
example, \##,###\# formatting the value 1234 would give #1,234#.

;
Section separator. De�nes di�erent format strings for positive, negative, and zero 
numbers. For example, [0];(0);Zero formatting: 13 would give [13], -13 would give 
(13), and 0 would give Zero.

Others All other characters are shown in the output as is.

Table 2.8: Custom numeric format codes
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You can apply standard number formatting using simpler format codes, like C and N. They support 
a precision number to indicate how many digits of precision you want. The default is two. The most 
common are, as shown in Table 2.9:

Format code Description

C or c
Currency. For example, in US culture, C formatting the value 123.4 gives $123.40, 
and C0 formatting the value 123.4 gives $123.

N or n Number. Integer digits with an optional negative sign and grouping characters.

D or d Decimal. Integer digits with an optional negative sign but no grouping characters.

B or b
Binary. For example, B formatting the value 13 gives 1101 and B8 formatting the 
value 13 gives 00001101.

X or x
Hexadecimal. For example, X formatting the value 255 gives FF and X4 formatting 
the value 255 gives 00FF.

E or e
Exponential notation. For example, E formatting the value 1234.567 would give 
1.234567000E+003 and E2 formatting the value 1234.567 would give 1.23E+003.

Table 2.9: Standard numeric format codes

Getting text input from the user
We can get text input from the user using the ReadLine method. This method waits for the user to 
type some text. Then, as soon as the user presses Enter, whatever the user has typed is returned as 
a string value.

Let�s get input from the user:

1.	 Type statements to ask the user for their name and age and then output what they entered, as 
shown in the following code:

Console.Write("Type your first name and press ENTER: "); 
string firstName = Console.ReadLine();

Console.Write("Type your age and press ENTER: "); 

More Information: A full list of custom number format codes can be found at the following 
link: https://learn.microsoft.com/en-us/dotnet/standard/base-types/custom-
numeric-format-strings.

More Information: A full list of standard number format codes can be found at the fol-
lowing link: https://learn.microsoft.com/en-us/dotnet/standard/base-types/
standard-numeric-format-strings.
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Simplifying the usage of the console
In C# 6 and later, the using statement can be used not only to import a namespace but also to further 
simplify our code by importing a static class. Then, we won�t need to enter the Console type name 
throughout our code. 

Importing a static type for a single file
You can use your code editor�s Find and Replace feature to remove the times we have previously 
written Console:

1.	 At the top of the Program.cs �le, add a statement to statically import the System.Console class, 
as shown in the following code:

using static System.Console;

2.	 Select the �rst Console. in your code, ensuring that you select the dot a�er the word Console too.

3.	 In Visual Studio 2022, navigate to Edit | Find and Replace | Quick Replace; in Visual Studio Code, 
navigate to Edit | Replace; or in JetBrains Rider, navigate to Edit | Find | Replace, and note 
that an overlay dialog appears ready for you to enter what you would like to replace Console. 
with, as shown in Figure 2.9:

Figure 2.9: Using the Replace feature in Visual Studio to simplify your code

4.	 Leave the Replace box empty, click on the Replace all button (the second of the two buttons 
to the right of the replace box), and then close the replace box by clicking on the cross in its 
top-right corner.

5.	 Run the console app and note the behavior is the same as before.

Importing a static type for all code files in a project
Instead of statically importing the Console class just for one code �le, it would probably be better to 
import it globally for all code �les in the project:

1.	 Delete the statement to statically import System.Console.

2.	 Open Formatting.csproj, and a�er the <PropertyGroup> section, add a new <ItemGroup> 
section to globally and statically import System.Console using the implicit using .NET SDK 
feature, as shown in the following markup:
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<ItemGroup>
  <Using Include="System.Console" Static="true" />
</ItemGroup>

3.	 Run the console app and note the behavior is the same as before.

Getting key input from the user
We can get key input from the user using the ReadKey method. This method waits for the user to press 
a key or key combination, which is then returned as a ConsoleKeyInfo value.

Let�s explore reading key presses:

1.	 Type statements to ask the user to press any key combination and then output information 
about it, as shown in the following code:

Write("Press any key combination: "); 
ConsoleKeyInfo key = ReadKey(); 
WriteLine();
WriteLine("Key: {0}, Char: {1}, Modifiers: {2}",
  arg0: key.Key, arg1: key.KeyChar, arg2: key.Modifiers);

2.	 Run the code, press the K key, and note the result, as shown in the following output:

Press any key combination: k 
Key: K, Char: k, Modifiers: 0

3.	 Run the code, hold down Shi� and press the K key, and note the result, as shown in the fol-
lowing output:

Press any key combination: K  
Key: K, Char: K, Modifiers: Shift

4.	 Run the code, press the F12 key, and note the result, as shown in the following output:

Press any key combination: 
Key: F12, Char: , Modifiers: 0

Good Practice: In the future, for all console app projects you create for this book, 
add the section above to simplify the code you need to write in all C# �les to work 
with the Console class.

Warning! When running a console app in a terminal within Visual Studio Code, some 
keyboard combinations will be captured by the code editor before they can be processed 
by your console app. For example, Ctrl + Shi� + X in Visual Studio Code activates the Ex-
tensions view in the sidebar. To fully test this console app, open a command prompt or 
terminal in the project folder and run the console app from there.



Speaking C#104

Passing arguments to a console app
When you run a console app, you o�en want to change its behavior by passing arguments. For exam-
ple, with the dotnet command-line tool, you can pass the name of a new project template, as shown 
in the following commands:

dotnet new console
dotnet new mvc

You might have been wondering how to get any arguments that might be passed to a console app.

In every version of .NET prior to version 6, the console app project template made it obvious, as shown 
in the following code:

using System;

namespace Arguments
{
  class Program
  {
    static void Main(string[] args)
    {
      Console.WriteLine("Hello World!");
    }
  }
}

The string[] args arguments are declared and passed in the Main method of the Program class. 
They�re an array used to pass arguments into a console app. But in top-level programs, as used by the 
console app project template in .NET 6 and later, the Program class and its Main method are hidden, 
along with the declaration of the args array. The trick is that you must know it still exists.

Command-line arguments are separated by spaces. Other characters like hyphens and colons are 
treated as part of an argument value.

To include spaces in an argument value, enclose the argument value in single or double quotes.

Imagine that we want to be able to enter the names of some colors for the foreground and background 
and the dimensions of the terminal window at the command line. We would be able to read the colors 
and numbers by reading them from the args array, which is always passed into the Main method, aka 
the entry point of a console app:

1.	 Use your preferred code editor to add a new Console App / console project named Arguments 
to the Chapter02 solution.

2.	 Open Arguments.csproj, and a�er the <PropertyGroup> section, add a new <ItemGroup> 
section to statically import System.Console for all C# �les using the implicit usings .NET SDK 
feature, as shown in the following markup:
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For all code editors:

1.	 Note the result indicates four arguments, as shown in the following output:

There are 4 arguments.

2.	 In Program.cs, to enumerate or iterate (that is, loop through) the values of those four arguments, 
add the following statements a�er outputting the length of the array:

foreach (string arg in args)
{
  WriteLine(arg);
}

3.	 Run the code again and note the result shows the details of the four arguments, as shown in 
the following output:

There are 4 arguments. 
firstarg
second-arg 
third:arg 
fourth arg

Setting options with arguments
We will now use these arguments to allow the user to pick a color for the background, foreground, 
and cursor size of the output window. The cursor size can be an integer value from 1, meaning a line 
at the bottom of the cursor cell, up to 100, meaning a percentage of the height of the cursor cell.

We have statically imported the System.Console class. It has properties like ForegroundColor, 
BackgroundColor, and CursorSize that we can now set just by using their names without needing to 
pre�x them with Console. 

The System namespace is already imported so that the compiler knows about the ConsoleColor and 
Enum types:

�	 Add statements to warn the user if they do not enter three arguments, and then parse those 
arguments and use them to set the color and dimensions of the console window, as shown in 
the following code:

if (args.Length < 3)
{
  WriteLine("You must specify two colors and cursor size, e.g.");
  WriteLine("dotnet run red yellow 50");
  return; // Stop running.
}

ForegroundColor = (ConsoleColor)Enum.Parse(
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On macOS or Linux, you�ll see an unhandled exception, as shown in Figure 2.13:

Figure 2.13: An unhandled exception on unsupported macOS

Although the compiler did not give an error or warning, at runtime, some API calls may fail on some 
platforms. Although a console app running on Windows can change its cursor size, on macOS, it 
cannot, and it complains if you try.

Handling platforms that do not support an API
So how do we solve this problem? We can solve this by using an exception handler. You will learn more 
details about the try-catch statement in Chapter 3, Controlling Flow, Converting Types, and Handling 
Exceptions, so for now, just enter the code:

1.	 Modify the code to wrap the lines that change the cursor size in a try statement, as shown in 
the following code:

try
{
  CursorSize = int.Parse(args[2]);
}
catch (PlatformNotSupportedException)
{
  WriteLine("The current platform does not support changing the size of 
the cursor.");
}

2.	 If you were to run the code on macOS, then you would see the exception is caught, and a 
friendlier message is shown to the user.
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// Compile statements that work everywhere else.
#endif

Understanding async and await
C# 5 introduced two C# keywords when working with the Task type that enable easy multithreading. 
The pair of keywords is especially useful for the following:

�	 Implementing multitasking for a graphical user interface (GUI).

�	 Improving the scalability of web applications and web services.

�	 Preventing blocking calls when interacting with the �lesystem, databases, and remote services, 
all of which tend to take a long time to complete their work.

In an online section, Building Websites Using the Model-View-Controller Pattern, we will see how the 
async and await keywords can improve scalability for websites. But for now, let�s see an example 
of how they can be used in a console app, and then later you will see them used in a more practical 
example within web projects.

Improving responsiveness for console apps
One of the limitations with console apps is that you can only use the await keyword inside methods that 
are marked as async, but C# 7 and earlier do not allow the Main method to be marked as async! Luckily, 
a new feature introduced in C# 7.1 was support for async in Main.

Let�s see it in action:

1.	 Use your preferred code editor to add a new Console App / console project named AsyncConsole 
to the Chapter02 solution.

2.	 Open AsyncConsole.csproj, and a�er the <PropertyGroup> section, add a new <ItemGroup> 
section to statically import System.Console for all C# �les using the implicit usings .NET SDK 
feature, as shown in the following markup:

<ItemGroup>
  <Using Include="System.Console" Static="true" />
</ItemGroup>

3.	 In Program.cs, delete the existing statements, and then add statements to create an HttpClient 
instance, make a request for Apple�s home page, and output how many bytes it has, as shown 
in the following code:

HttpClient client = new();

HttpResponseMessage response =
  await client.GetAsync("http://www.apple.com/");

WriteLine("Apple's home page has {0:N0} bytes.",
  response.Content.Headers.ContentLength);
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Code solutions for all exercises are available to download or clone from the GitHub repository at the 
following link: https://github.com/markjprice/cs12dotnet8.

Exercise 2.4 – Explore topics
Use the links on the following page to learn more details about the topics covered in this chapter:

https://github.com/markjprice/cs12dotnet8/blob/main/docs/book-links.md#chapter-2---
speaking-c

Exercise 2.5 – Explore Spectre
No, not the villainous organization from the James Bond �lms! Spectre is a package that enhances 
console apps. You can read about it at the following link: https://spectreconsole.net/.

Summary
In this chapter, you learned how to:

�	 Declare variables with a speci�ed or inferred type.

�	 Use some of the built-in types for numbers, text, and Booleans.

�	 Choose between number types.

�	 Control output formatting in console apps.

In the next chapter, you will learn about operators, branching, looping, converting between types, 
and how to handle exceptions.
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