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Preface

Welcome to this book about C# 11 and .NET 7! If you are a software developer,
you have probably heard of C# and .NET, and you may have used them to create
desktop, web, or mobile applications. C# isamodern, object-oriented programming
language developed by Microsoft, while .NET is a powerful and flexible software
framework for building applications for Windows, Linux, macOS, and other
platforms.

This book is intended for developers who want to learn the latest features and
enhancements in C# 11 and .NET 7. Whether you are a beginner or an experienced
programmer, this book will provide you with the knowledge and skills you need
to take advantage of the latest developments in C# and .NET.

In this book, you will learn about the new language features in C# 11, such as
raw literal strings, improved date handling, and using generic maths. You will
also discover the new APIs and improvements in .NET 7, such as a more intuitive
command line interface, new functionality in the core libraries, and new project
templates.

Moreover, this book will guide you through the development of practical
applications using C# 11 and .NET 7. You will learn how to create web applications
using ASP.NET Core, mobile applications using .NET MAUI, and compiled in-
browser code by using Blazor. Although these technologies are not new, all of
them have been enhanced quite significantly with the latest NET update and this
book will demonstrate these enhancements.

This book will also teach you how to use some more advanced .NET tools. You
will learn how to build and run artificial intelligence models by using ML.NET.
You will also learn how to build distributed applications by using the latest
containerization capabilities of .NET.

I hope you will enjoy reading this book as much as I enjoyed writing it. Happy
coding!

Chapter 1: Getting Familiar with .NET 7 Application Structure - introduces the
reader to .NET 7 and provides a full set of instructions on how to get started, even
if you have never used .NET before.
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We will first set up our development environment. As you can build .NET apps on
either Windows, Mac, or Linux, you will be shown what integrated development
environments (IDEs) or a code editor you can install on the operating system of
your choice.

We will then create a basic .NET application based on the Console Application
template. Once the application has been created, we will examine the structure of
a .NET project. Then we will write some code, which will enable us to get familiar
with the basic C# syntax along with its inbuilt data types.

Chapter 2: Overview of C# 11 Features — demonstrates many exciting new features
have been added to C# 11 to make the lives of developers easier and make the
process of writing software more efficient. And this chapter will showcase all these
teatures.

We will first cover struct auto-default, which allows struct-based objects to have
their property values set to default values of their data types. This would prevent
exceptions from being accidentally thrown. Next, we will cover generic attributes.
This feature allows developers to use the generics feature of C# while defining
attributes. This makes it easier to work with annotation in the code.

Afterwards, we will talk about sequence pattern matching. This feature gives
developers more flexibility while comparing collections. Then we will move on
to the new string-related features of the language. These include new raw string
literals and multi-line interpolated strings. We will complete the chapter by looking
at the required object members and static interface members.

Chapter 3: What is New in .NET 7? - focuses on the new features that have been
added to the .NET platform itself, which consists of the SDK, build tools and the
core libraries. We will start by going through the SDK and build tool improvements.
The new features in these areas include the improvement to the command line
interface, compiler optimization and so on.

Then we will cover various improvements to the core libraries, which come from
Microsoft and System namespaces. The new features that have been added to these
libraries include better observability improvements, new JSON features, improved
RegEx, the ability to use TAR compression and several other improvements. Finally,
we will go through the deprecated features of .NET 7 and breaking changes that
have been introduced into the platform.
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Chapter 4: MAUI and Cross-platform Native Applications - MAUI, which stands
for Multi-platform App Ul, is a framework that allows developers to build native
applications that can be compiled to run on Windows, Mac OS, iOS, and Android.
The intention behind this framework was that the same code base can be used to
build an executable for any platform. And this includes both desktop computers
and mobile devices.

In this chapter, you will learn how to use MAUI to build any type of a native
application that the framework supports. You will learn how to set up your code
base in such a way that you would then be able to compile your code into any type
of executable. Some platforms supported by MAUI have some limitations in terms
of what you can and can’t do on them. And in this chapter, you will get to know
those limitations.

Chapter 5: Database Access with Entity Framework 7 - the server-side components
of web applications are often required to access a database of some sort. Usually,
this is done via an object-relational mapper (ORM), which abstracts away the
database access and make it possible to manipulate data directly in the code.
ASP.NET Core comes with its own ORM, which is known as Entity Framework
Core. In this chapter, we will have a look at the latest version of this ORM - Entity
Framework 7.

In this chapter, we will first examine the fundamentals of relational databases that
Entity Framework 7 was designed to work with. Then you will learn how to use
the ORM itself. There are a few ways you can set up the ORM inside your ASP.
NET Core application. And in this chapter, we will have a look at them all: code-
first and database-first.

Chapter 6: Web Application Types on .NET - introduces the reader to ASPNET
Core - the main framework on .NET thatis designed for building web applications.
We will also have a look at various types of web applications that ASP.NET Core
supports.

First, we will start with ASPNET Core fundamentals that are common to all ASP.
NET Core application types. Following this, we will have a look at Web API, which
is a type of an application that provides REST API for incoming HTTP requests
but doesn’t have any web pages. We will then move on to model-view-controller
(MVCQC) applications, which allow the web pages to be rendered dynamically
depending on the controller actions and the data from models. Finally, we will
cover Razor Pages, which is a type of ASPNET Core application where each web
page has a server-side object associated with it.



Chapter 7: Blazor and WebAssembly on .NET - Blazor is a framework that allows
developers to write .NET code that can be executed in browsers. This can be
achieved in two ways - either by using Blazor WebAssembly or Blazor Server.

Blazor WebAssembly application is compiled into an executable that can run
directly in browsers. It can also be hosted inside a standard ASPNET Core
application. Blazor Server, on the other hand, runs all its code on the server. In this
case, the component in the browser will be communicating with the code on the
server in real time via SignalR. Each of these hosting models has its pros and cons,
even though the code would be very similar. This chapter provides an overview of
all these hosting models.

Chapter 8: SignalR and Two-way Communication - introduces SignalR - an
inbuilt ASPNET Core library that allows the client and the server to engage in
two-way real-time communication. The chapter shows how to build server-side
components of SignalR, as well as demonstrating how to set up various types of
its clients.

We will cover two types of SignalR clients - JavaScript and .NET. Both client
types can be either used in-browser or as stand-alone applications. For example,
JavaScript is a language that is native to in-browser applications. However, with
technologies like Node.js, it can also be used in stand-alone applications. .NET is
primarily used in stand-alone applications. But with a technology like Blazor, it
can be executed in the browser as well.

Chapter 9: gRPC on ASP.NET Core - gRPC is a wrapper protocol that relies on
HTTP/2 and enables efficient exchange of messages. This chapter demonstrates
how to enable gRPC communication on ASP.NET Core. We will cover all the
fundamental concepts of gRPC. You will learn Protobuf, which is the messaging
protocol that gRPC uses. You will learn how to use Protobuf to set up both server
and client-side gRPC components.

You will learn all four call types that gRPC supports, which are unary, server-
streaming, client-streaming, and bi-directional streaming. Finally, you will get
familiar with all the data types that Protobuf supports.

Chapter 10: Machine Learning with ML.NET - ML.NET is a library that allows
developers to build machine learning application on .NET with relative ease. For
example, the library makes it possible to select an ML algorithm and generate
model for it in C# code. This model can then be re-used for multiple scenarios.
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In this chapter, you will learn how to use ML.NET. First, we will go through its
most fundamental features. Then, we will create some sample ML models by
using some of its most popular algorithms. You will then learn the fundamentals
of training and evaluating your ML model. And you will also be shown how to
use a low-code model builder to build an ML model in a graphical user interface.

Chapter 11: Microservices and Containerization on .NET 7 - Large-scale
applications are often deployed as interconnected microservices that can be
scaled out individually. And usually, the best way to deploy microservices is via
containers. This will ensure that each service behaves consistently regardless of
whatenvironmentit’s deployed on. Because it runsinits ownisolated environment,
it won't be affected by any processes that happen on the operating system of the
host machine, unless it has been explicitly exposed to such processes.

This chapter will show you how to apply orchestration to .NET 7 applications.
It will walk your through .NET 7 Docker container images and the process of
integrating Docker functionality with your .NET projects. Then you will learn the
basics of container orchestration. For this purpose, we will have a look at Docker
Swarm and Kubernetes.
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CHAPTER 1

Getting Familiar
with .NET 7
Application Structure

Introduction

From November 2022, .NET 7 is the latest version of a cross-platform software
development framework called .NET, which is being developed and maintained by
Microsoft. Although the framework supports a number of programming languages,
the most popular .NET language is C#, and the new version of this language, C# 11,
is an integral part of NET 7.

The main benefit of using .NET 7 over some other software development platforms
is that it can run on any of the major operating systems on PCs, which include
Windows, MacOS, and Linux. In this version, that is, .NET 7, in particular, you will
be able to build applications that run on both PCs and mobile devices. Later in this
book, you will find out how.

This book will teach you how to use the latest features of both .NET 7 and C# 11.
Whether you are an experienced .NET developer or you have only started using
C# and .NET recently, this book will provide you with enough knowledge of these
subjects so that you will be able to write your own .NET applications.

If you have used .NET and C# before, this book will give you a good introduction
to the latest features of both the platform and the language. If you are a beginner to
C#, you will be able to follow this book, but you should familiarize yourself with the
basic C# syntax first. The primary focus of this book is to showcase the latest features
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of C# 11 and .NET 7. However, we will still briefly recap all the fundamentals. Also,
carefully selected links to the official language documentation will be provided at
the end of this chapter. So, whether you are only starting to learn .NET or are already
an experienced software engineer that specializes in .NET, you will find this book
valuable.

Structure

In this chapter, we will discuss the following topics:
e Setting up your development environment
e Creating a .NET 7 application
e .NET 7 project structure overview

e C# 11 basics and inbuilt data type

Objectives

In this chapter, we will focus on setting up your development environment and
creating a basic application by using .NET 7 templates. Then, once we have created
our initial project, we will recap some basics of C#.

The following chapters will focus on the new and shiny features of .NET 7 and C#
11. But before we get there, we need to have our fundamental dependencies set up.
So, let us begin.

Setting up your development environment
To start working with .NET 7 and C# 11, you will need the following;:

e A suitable machine is running either Windows, MacOS, or Linux operating
system.

e NET7SDK
e A suitable IDE or a code editor

If you do not have any of these prerequisites installed already, let us go through the
steps you need to take to install them.

A suitable development machines

Since .NET is a cross-platform software development framework, it will work on
either Windows, Linux, or MacOS. Therefore, a machine running either of these
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operating systems will be suitable. .NET is also compatible with a variety of CPU
architectures. It will work with either Intel / AMD or ARM.

Regarding the processing power, disk space, and memory size, any average
consumer-grade laptop or desktop would do. You do not need an extra-powerful
machine to run your .NET code on. However, I would recommend a machine with
at least 8 GB of RAM.

NET 7 SDK

NET software development kit (SDK) contains everything that you need as a .NET
developer, including the platform, the compiler, and all supporting tools. The latest
NET 7 SDK can be installed via the following steps:

1. To obtain .NET 7 SDK, you will need to visit the following page:
https://dotnet.microsoft.com/

2. Once on the page, you will need to click on the Download tab, as per figure
1.1:

=" Microsoft | NET Why NET . Features ~ Learn. Docs . Downloads Community LIVETV

Free. Cross-platform. Open source.
Build any app
with .NET

Create beautiful apps and scalable cloud
services, faster and easier with the free, open-
source platform that's loved by developers and
trusted by organizations.

Gerstarted

Supported on Windows, Linux, and mac0S

Figure 1.1: Download tab on Microsoft NET page

3. You will then be taken to the download page, where you will need to choose
the latest NET 7 SDK to download and make sure that the option that you
choose is SDK rather than Runtime. The .NET 7 runtime will allow you to run
NET 7 applications on your machine, but you will not be able to build them.
SDK, on the other hand, contains both the runtime and all the development
tools that you will need, including command line interface (CLI) tools that
we will cover in detail in Chapter 3: What is new in .NET 7.
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4. Next, we will set up a suitable IDE or a code editor if you have not done so
already.

Setting up a code editor or an IDE

It does not matter whether you will choose a code editor or an IDE for your
application development. You will be able to use either. And you will be able to
perform all exercises in this book regardless of this choice. However, it would be
useful to know the difference between the two, so you can decide which tool would
be more suitable for you.

A code editor allows you to write the code and navigate through it. It comes with a
variety of code formatters and highlighters, so your code will be easy to read. But
this is pretty much what the capabilities of a code editor are limited to. Typically, you
will have to use some external tools or install additional plugins to be able to build
your application from the source code. However, because code editors are limited
in their capabilities, they tend to be substantially lightweight and faster to load than
IDEs.

Integrated Development Environment (IDE) can do absolutely everything a code
editor can do and much more. Things like creating new projects from various
templates, running and debugging your applications, and building your source
code into a deployable application are available out of the box. And all of these
things can be managed via Graphical User Interface (GUI). But all of this comes
at the expense of performance. Typically, an IDE would be slow to install, occupy
a reasonably large chunk of disk space, and noticeably slower to load than a code
editor, especially if you are running it on a slower machine.

So, which one should you choose for application development with .NET 7?2 Well,
you can choose either of these, depending on your preferences. If you do not mind
building and testing your application via a CLI, which comes with .NET 7 SDK, a
code editor would probably be sufficient. However, if you prefer the comfort of using
a GUI for everything and you do not mind longer loading times and occasional dips
in performance, then you should probably use an IDE. Also, I would recommend
that you use an IDE if you are a beginner.

Let us now review which code editors and IDEs would work with .NET 7 and C# 11.

Installing a suitable code editor

If you want to use a simple code editor, then the choice would be Visual Studio
Code. And it does not matter which OS your development machine runs. There is a
version of Visual Studio Code available for all supported operating systems.
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Visual Studio Code can be downloaded from the following Web page:
https://code.visualstudio.com/download
You will then need to choose the download option that is relevant for your OS and

your CPU architecture, as per figure 1.2:

Download Visual Studio Code

Free and built on open source. Integrated Git, debugging and extensions.

4 Windows 4 .deb + .rpm + Mac
Windows 8,10, 1 Debian, Ubuntu Red Hat, Fedora, SUSE mac0Ss 1011+

User Installer (IR EEE G0 deb () CEY) EXED B Uriversai |t i Appie o
System Installer m 2 bit] ARM] NIl 64 bit| ARM [ ARM 64]
ap () O -tarq7 (20 ) B

=5

Figure 1.2: Visual Studio Code download page

Once downloaded, you will then just need to follow the installation instructions that
are specific to the OS you are using. Once installed, you will need to download a
Ct plugin for the code editor to make sure that all C# code is highlighted correctly.
Either you can do it now, or you will be prompted to do so the first time you use the
editor to open any file with the .cs extension. If you choose to do it now, you will
need to open Visual Studio Code and click on the Extensions bar on the left-hand
side, which is represented by a symbol containing four squares. Then, you will just
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need to type C# in the search panel and install the first plugin that comes up in the
results, as per figure 1.3:

! File Edit Selection View Go Run Terminal Help

¥ O

studio Code {powered by OmniSharp).

ormat Revolve
nat of usings / indents / braces

C# Extensions
C# IDE Extensions for VSCode

jchannon

Figure 1.3: C# extension in Visual Studio Code

And this is all you need to start building your apps. However, if you prefer an IDE,
then these are the steps you would need to take.

Installing a suitable IDE

Installing an IDE is not as simple as installing a code editor. Visual Studio Code is the
only recommended code editor for NET development, regardless of which OS you
are using. But when it comes to an IDE, different operating systems have different
options available. The options can be summarized as follows:

Windows
e Microsoft Visual Studio 2022
e JetBrains Rider
MacOS
e  Microsoft Visual Studio 2022 for Mac
e JetBrains Rider
Linux
e JetBrains Rider
So, as you can see, the only common IDE is JetBrains Rider. But it has its own caveats

too, so it might not be the best option for everyone. In fact, every IDE from this list

has its own pros and cons. We will now examine each of the options, so you can
decide which IDE to choose.
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Microsoft Visual Studio 2022

Thisis the official NET IDE from Microsoft. Although it was mainly designed to work
with .NET, it supports a range of different platforms, languages, and technologies.
Despite its name, it is not related to Visual Studio Code in any way. It looks different
and feels different. The only common things between the two is that both are made
by Microsoft, and both can be used for writing code.

It comes with all the tools that you need. And you can also get it for free, as it has
the so-called community edition. There are also premium professional and enterprise
editions that you have to purchase a license for. They come with more tools than
the free community edition. However, even the community edition comes with a
sufficient amount of tools for developing your .NET applications. You will definitely
not need anything more than the community edition to follow the exercises in this
book.

The biggest advantage of using Visual Studio 2022 over any other IDE is that it is
kept up to date with .NET updates. So, whenever .NET SDK gets updated (even if it
is only a preview version of it), an update for Visual Studio will be made available
immediately to make it compatible with it. So, you can be certain that your IDE will
always be able to handle the latest NET features.

To download Visual Studio 2022, you can visit its official page via the following link:
https://visualstudio.microsoft.com/downloads/

You will be greeted by the following screen, which is illustrated in figure 1.4, where
you can choose the version to download. Choose the Community option if you are
not sure which version you will need. You can always upgrade later if you have to.

Downloads

v

Visual Studio 2022 Community Professional Enterprise Preview
Powerful IDE. free for Professional IDE best suited Scalable; end-to-end Get early access to latest
- -
= ‘ Version 17.2 students, open-source 10 small teams solution for teams of any features not yet in the main
The best comprehensive IDE for NET contributers, and individuals size release
and C++ developers on Windows. Full
: it Y Learn more »
packed with a sweet array of tools and
Free download Release notes
features to elevate and enhance every
stage of software development.

Release notes > Compare Editions » How to install offline >

Figure 1.4: Visual Studio 2022 download page
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Once the download begins, you will just need to follow the installation instructions.
But you will need to be aware that both the downloading and the installation may
take a while, as Visual Studio 2022 is a fairly sizeable IDE.

Even though Visual Studio 2022 provides you with all the tools that you need, the
main caveat is that it is only available for Windows. There is an IDE called Visual
Studio for Mac, but despite its name, it is not a Mac version of the same IDE. It is a
completely different piece of software. And this is what we will have a look at next.

Microsoft Visual Studio 2022 for Mac

If you use Mac instead of Windows, Visual Studio 2022 for Mac might be a good IDE
option. This IDE comes with sufficient tooling to build your .NET applications, but it
is more basic than the Windows version of Visual Studio 2022. It is also that the GUI
of the IDE looks completely different, so if you have previously been using Visual
Studio on Windows and you have now switched to using Mac, it will take you some
time to get used to it.

Another caveat of using Visual Studio for Macis that its development lags somewhat
behind the development of Visual Studio for Windows. And it does not keep up with
the evolution of .NET. Sometimes you even have to wait months before you can start
using any new .NET features. Sometimes the only way to use any new .NET features
in this IDE is to install the preview version of it, which, as a piece of software that has
not yet been signed off for an official release, may have some bugs.

You can download Visual Studio for Mac from its official page, which can be accessed
via the following link:

https://visualstudio.microsoft.com/vs/mac/

Because there is only one version of this IDE, you will be presented with a single
download button, as illustrated in figure 1.5:

Visual Studio for Mac

Develop apps and games for iOS, Android, and
the web using .NET.

Download Visual Studio for Mac

Read more about activating your license >

Figure 1.5: Visual Studio 2022 for Mac download page
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Then you just need to follow the download and the installation instructions, which
should be self-explanatory. There is also a third IDE option. There is an IDE made by
JetBrains called Rider. And it is worth examining regardless of the OS you are using.

JetBrains Rider

The main advantage of Rider over any other IDEs is that it comes with a lot of inbuilt
tooling by default. It will automatically find potentially problematic code, and it will
provide refactoring suggestions. It will be able to decompile third-party libraries, so
you will be able to see the original code they were written in. And the list goes on.

If you are a Windows user, then you will get a much richer IDE than Visual Studio
at a relatively low price. It will be even more noticeable if you are a Mac user. And if
you happen to be a Linux user, this will be your only option. The IDE will look the
same and have the same functionality regardless of the OS you run it on.

However, it comes with its own caveats. But there are only two I can think of.
There is no free version of it. After the initial 30-day trial, you must purchase the
license. However, the price of it tends to be cheaper than either the professional or
the enterprise edition of Visual Studio. The second caveat is that, since it is made by a
third party rather than Microsoft, it sometimes lags slightly behind when new .NET
SDK updates get released. However, the Rider development team tends to work
fast, so these delays do not tend to be big. It tends to get updated quicker than Visual
Studio for Mac.

Rider can be obtained from its official Download page, which can be found via the
following link:

https://www.jetbrains.com/rider/

The Web page should automatically detect which OS you are on, so you will be
presented with the download link that is specific to your OS:

|
@ Rider

Fast & powerful cross-platform .NET IDE

Download free 30-day trial

Figure 1.6: Rider downloads page
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Then all you have to do is just follow the instructions.

By now, you have chosen and installed either an IDE or a code editor that is right for
you. Now, we are ready to start creating our first NET 7 applications and examining
their structure.

Creating a .NET 7 application

When you write a .NET application, you work with projects and solutions. A project
is a collection of code files that will later be built into a single executable file or a
single reference library. These files form an application. An application can consist
of a single executable file or have the main executable file alongside some other
files that provide additional functionality. The latter types of files are known as
libraries, and they can be shared between different applications. The libraries are
also represented in the source code by projects.

A solution is something that holds multiple projects together. It is represented by a
file with a . s1n extension that gets placed alongside the project folders in the source
code. Although you do not strictly require a solution, having one is helpful if you
are using an IDE, as it would make it easier to manage and organize related projects.

Both projects and solutions can be created either via the CLI or via IDE GUI. And
in this section, we will go through both of these methods. Later in the book, we will
be primarily using the CLI commands, as they will be the same on all operating
systems. Plus, .NET CLI comes with the NET SDK, so if you have the SDK installed,
you have the CLI too.

Creating an application via CLI

The most basic type of a .NET application is known as a console application. It does
not have any GUI. The only way it can interact with the outside world is via a textual
interface, such as the one provided by CMD, PowerShell, Terminal, Shell, and so on.
And because it is so basic, it is a perfect application type to use for our demo.

And now, we will go ahead and create our solution. To do so, you can open any
command line terminal of your choice, create a folder in which you want to place
your solution, navigate to this folder, and execute the following command:

dotnet new sln
This will create a file inside this folder with the same name as the name of the

folder and the . s1n extension. So, assuming that your folder is called BasicApp, the
solution file will be called BasicApp.sln.

Now, we will create a project. For demonstration purposes, we will call it
BasicConsoleApp. We will do so by executing the following command:

dotnet new console -o BasicConsoleApp



