




















Introducing Apps and Services
with .NET

Inthis rst chapter, the goals are setting up your development environment to use Visual Studio 2022
and Visual Studio Code, reviewing what is new with C# 8 up to C# 11 and what is new with .NET Core
3.1 up to .NET 7, and understanding your choices for building apps and services. Finally, we will
review good places to look for help.

The GitHub repository for this book has solutions using full application projects for all code tasks:
https://github.com/markjprice/apps-services-net7/

A er going to the GitHub repository, simply press the . (dot) key or change .comto .dev to change the
repository into a live code editor based on Visual Studio Code using GitHub Codespaces.

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

Throughout this book, I use the term modern .NET to refer to .NET 7 and its predecessors like .NET 5
and .NET 6, which come from .NET Core. | 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.

This chapter covers the following topics:

Introducing this book and its contents

Setting up your development environment

Using an analyzer to write better code

Whats new in C# and .NET?

Making good use of the GitHub repository for this book
Where to go for help
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Introducing this book and its contents

This book attempts to cater to two related audiences:

Readers who have completed my book for beginners, C#11and .NET7 Modern Cross-Platform
Development Fundamentals, and now want to take their learning further.

Readers who already have basic skills and knowledge about C# and .NET and want to learn
practical skills and knowledge to build real-world applications and services.

A companion book to continue your learning journey
This book is the second of two books that continues your learning journey through .NET 7.

The rst book covers the C# language, the .NET libraries, and the fundamentals of ASP.NET Core for
web development. It is designed to be read linearly because skills and knowledge from earlier chapters
build up and are needed to understand later chapters.

This second book covers more specialized topics like internationalization, protecting your data and
apps, benchmarking and improving performance, and building services with OData, GraphQL, gRPC,
SignalR, and Azure Functions. Finally, you will learn how to build graphical user interfaces for websites,
desktop, and mobile apps with Blazor and .NET MAUI.

A summary of the two books and their important topics is shown in Figure 1.1:
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C# language, including
new C# 11 features,
object-oriented
programming, and
debugging and unit
testing.

..NET libraries,

including numbers, text,
and collections, file 1/0,

and data with EF Core 7.

‘Websites and web
services with ASPENET
Core 7 and Blazor.

Fundamentals

I.More .NET libraries like
internationalization,
multitasking, and security.

2. More data with SQL Server
and Azure Cosmos DB.

Apps and Services
with .NET 7

3. More services with
Minimal Web API, OData,
GraphQL, gRPC, SignalR,
and Azure Functions.

4. More graphical user
interfaces with ASPNET
Core MVC, Razor, Blazor,
and NET MAUIL

Mark J. Price

— Practical Applications

Figure 1.1: Companion books for learning C# 11 and .NET 7 and the apps and services that can be

built with them

\/‘/’ 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/5Y6E2.
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What you will learn in this book
A erthis rstchapter, this book can be divided into four parts:

1. Storing and managing data: How to store and manage data locally and in the cloud with SQL
Server and Azure Cosmos DB. Later chapters use the SQL Server database and entity models
that you create at the end of Chapter 2, Managing Relational Data Using SQL Server.

2. Specialized libraries: Dates, times, and internationalization; protecting data with encryption,
hashing, and signing; protecting apps with authentication and authorization; monitoring and
improving performance with threads and tasks; third-party libraries for image handling, data
validation rules, and so on. These chapters can be treated like a cookbook of recipes. If you are
not interested in any topic, you can skip it, and you can read them in any order.

3. Service technologies: How to build and secure services with ASP.NET Core Web API Minimal
APIs, OData, GraphQL, gRPC, SignalR, and Azure Functions.

4. User interface technologies: How to build user interfaces with ASP.NET Core, Blazor WebAs-
sembly, and .NET MAUI.

My learning philosophy

Most people learn complex topics best by imitation and repetition rather than reading a detailed
explanation of the theory; therefore, | 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 dont 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.

Fixing my mistakes
In the words of Samuel Johnson, author of the English dictionary in 1755, | have committed a few
wild blunders, and risible absurdities, from which no work of such multiplicity is free. | take sole
responsibility 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 and services
that you can build with them.

If you have an issue with something in this book, then please contact me before resorting

to a negative review on Amazon. Authors cannot respond to Amazon reviews so | cannot
L, contact you to resolve the problem. | want to help you to get the best from my book, and
YA | want to listen to your feedback and do better in the next edition. Please email me (my
address is on the GitHub repository for the book), chat to me in the Discord channel for
the book (https://packt.link/apps_and_services_dotnet?7), or raise an issue at
the following link: https://github.com/markjprice/apps-services-net7/issues.
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Project naming and port numbering conventions

If you complete all the coding tasks in this book, then you will end up with dozens of projects. Many
of those will be websites and services that require port numbers for hosting on the localhost domain.

With large, complex solutions, it can be di  cult to navigate amongst all the code. So, a good reason
to structure your projects well is to make it easier to nd components. It is good to have an overall
name for your solution or workspace that re ects the application or solution.

Inthe 1990s, Microso registered Northwindasa ctional company name for use in database and code
samples. It was rst used as the sample database for their Access product and then also used in SQL
Server. We will build multiple projects for this ctional company, so we will use the name Northwind
asapre x forall the project names.

There are many ways to structure and name projects and solutions, for example, using a folder hierar-
chy as well as a naming convention. If you work in a team, make sure you know how your team does it.

It is good to have a naming convention for your projects in a solution or workspace so that any devel-
oper can tell what each one does instantly. Acommon choice is to use the type of project, for example,
class library, console app, website, and so on, as shown in the following table:

Name Description

A class library project for common types like
Northwind.Common interfaces, enums, classes, records, and structs, used
across multiple projects.

A class library project for common EF Core entity
models. Entity models are 0 en used on both
the server and client side, so it is best to separate
dependencies on speci ¢ database providers.

Northwind.Common.EntityModels

A class library project for the EF Core database

Northwind.Common.DataContext context with dependencies on speci ¢ database
providers.
An ASP.NET Core project for a complex website that
Northwind.Mvc uses the MVC pattern and can be more easily unit
tested.

An ASP.NET Core project for an HTTP API service. A
good choice for integrating with websites because it
can use any JavaScript library or Blazor to interact
with the service.

Northwind.WebApi .Service

A client to a web service. The last part of the name

Northwind.WebApi.Client.Console A .
indicates that it is a console app.

Northwind.gRPC.Service An ASP.NET Core project for a gRPC service.
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A client to a gRPC service. The last part of the name
Northwind.gRPC.Client.Mvc indicates that it is an ASP.NET Core MVC website
project.

An ASP.NET Core Blazor WebAssembly client-side
project.

Northwind.BlazorWasm.Client

An ASP.NET Core Blazor WebAssembly server-side
project.

Northwind.BlazorWasm.Server

A class library shared between client- and server-side
Blazor projects.

Northwind.BlazorWasm.Shared

To enable you to run any of these projects simultaneously, we must make sure that we do notcon gure
duplicated port numbers. | have used the following convention:

https://localhost:5[chapternumber]l1/
http://localhost:5[chapternumber]2/

For example, for the encrypted connection to the website built in Chapter 15, Building Web User Inter-
faces Using ASP.NET Core, | used port 5151, as shown in the following link:

https://localhost:5151/

Treating warnings as errors

By default, compiler warnings may appear if there are potential problems with your code when you
rst build a project, but they do not prevent compilation and they hide if you rebuild. Warnings are
given for a reason, so ignoring warnings encourages poor development practice.

Some developers would prefer to be forced to x warnings, so .NET provides a project setting to do
this, as shown highlighted in the following markup:

<Project Sdk="Microsoft.NET.Sdk">

<PropertyGroup>
<OutputType>Exe</OutputType>
<TargetFramework>net7.0</TargetFramework>
<ImplicitUsings>enable</ImplicitUsings>
<Nullable>enable</Nullable>
<TreatWarningsAsErrors>true</TreatWarningsAsErrors>
</PropertyGroup>

I have enabled the option to treat warnings as errors in (almost) all the solutions in the GitHub re-
pository.

The exceptions are the gRPC projects. This is due to a combination of factors. In .NET 7, the compiler
will warn if you compile source les that contain only lowercase letters in the name of a type.
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For example, if you de ned a person class, as shown in the following code:

public class person

{
}

This compiler warning has been introduced so that a future version of C# can safely add a new keyword
knowing it will not con ict with the name of a type that you have used, because only C# keywords
should contain only lowercase letters.

Unfortunately, the Google tools for generating C# source les from .proto les generate aliases for
class names that only contain lowercase letters, as shown in the following code:

#region Designer generated code

using pb = global::Google.Protobuf;
If you treat warnings as errors, then the compiler complains and refuses to compile the source code,
as shown in the following output:

Error CS8981 The type name "pb" only contains lower-cased ascii
characters. Such names may become reserved for the language. Northwind.Grpc.

Service C:\apps-services-net7\Chapterl12\Northwind.Grpc.Service\obj\Debug\
net7.0\Protos\Greet.cs

\l/

_@_ Good Practice: Always treat warnings as errors in your .NET projects (except for gRPC
g projects until Google updates their code generation tools).

App and service technologies

Microso calls platforms for building applications and services app models or workloads.

Building websites and apps using ASP.NET Core

Websites are made up of multiple web pages loaded statically from the lesystem or generated dy-
namically by a server-side technology such as ASP.NET Core. A web browser makes GET requests using
Uniform Resource Locators (URLs) that identify each page and can manipulate data stored on the
server using POST, PUT, and DELETE requests.

With many websites, the web browser is treated as a presentation layer, with almost all the processing
performed on the server side. Some JavaScript might be used on the client side to implement some
presentation features, such as carousels or to perform data validation.

ASP.NET Core provides multiple technologies for building websites:

ASP.NET Core Razor Pages can dynamically generate HTML for simple websites.
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ASP.NET Core MVC is an implementation of the Model-View-Controller (MVC) design pattern
that is popular for developing complex websites. You will learn about using it to build user
interfaces in Chapter 15, Building Web User Interfaces Using ASP.NET Core.

Razor class libraries provide a way to package reusable functionality for ASP.NET Core projects
including user interface components.

Blazor lets you build user interface components using C# and .NET and then run them in

a web browser or embedded web component instead of a JavaScript-based Ul framework
like Angular, React, or Vue. Blazor WebAssembly runs your code in the browser like a JavaS-
cript-based framework would. Blazor Server runs your code on the server and updates the web

page dynamically. You will learn about Blazor in detail in Chapter 16, Building Web Components

Using Blazor WebAssembly, and Chapter 17, Leveraging Open-Source Blazor Component Libraries.

\/V' Blazor is not just for building websites; it can also be used to create hybrid mobile
and desktop apps when combined with .NET MAUI.

Building web and other services
There are no formal de nitions, but services are sometimes described based on their complexity:

Service: All functionality needed by a client app in one monolithic service.
Microservice: Multiple services that each focus on a smaller set of functionalities.

Nanoservice: A single function provided as a service. Unlike services and microservices that are
hosted 24/7/365, nanoservices are 0 en inactive until called upon to reduce resources and costs.

As well as ASP.NET Core Web API and Minimal APIs web services that use HTTP as the underlying
communication technology and follow the design principles of Roy Fielding s REST architecture, we
will learn how to build services using web and other technologies that extend basic web APls, including:

gRPC: For building highly e cient and performant microservices with support for almost
any platform.

SignalR: For implementing real-time communications between components.
OData: For easily wrapping Entity Framework Core and other data models as a web service.

GraphQL: For letting the client control what data is retrieved across multiple data sources.
Although GraphQL can use HTTP, it does not have to, and it does not follow web design prin-
ciples de ned by Roy Fielding in his dissertation about REST APIs.

Azure Functions: For hosting serverless nanoservices in the cloud.

Windows Communication Foundation (WCF)

In 2006, Microso released .NET Framework 3.0 with some major new frameworks, one of which
was Windows Communication Foundation (WCF). It abstracted the business logic implementation
of a service from the communication technology infrastructure so that you could easily switch to an
alternative in the future or even have multiple mechanisms to communicate with the service.
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WCF heavily uses XML con guration to declaratively de ne endpoints, including their address, binding,
and contract. This is known as the ABCs of WCF endpoints. Once you understand how to do this, WCF
is a powerful yet exible technology.

Microso decided notto o cially port WCF to modern .NET, but there is a community-owned OSS
project named Core WCF managed by the .NET Foundation. If you need to migrate an existing service
from .NET Framework to modern .NET, or build a client to a WCF service, then you could use Core
WCF. Be aware that it can never be a full port since parts of WCF are Windows-speci c.

Technologies like WCF allow for the building of distributed applications. A client application can make
remote procedure calls (RPCs) to a server application. Instead of using a port of WCF to do this, we
should use an alternative RPC technology like gRPC, which is covered in this book.

Summary of choices for services

Each service technology has its pros and cons based on its feature support, as shown in the following
table:

Feature Web API OData GraphQL gRPC SignalR

Client can request just the data | No Yes Yes No No

they need

Minimum HTTP version 1.1 1.1 1.1 2.0 1.1

Browser support Yes Yes Yes No Yes

Data format XML, JSON | XML, JSON | GraphQL Binary Varies

(JSONish)

Service documentation Swagger Swagger No No No

Code generation Third- Third- Third- Google Microso
party party party

Caching Easy Easy Hard Hard Hard

Use these recommendations for various scenarios as guidance, as shown in the following table:

Scenario Recommendation

Public services HTTP/1.1-based services are best for services that need to be publicly
accessible, especially if they need to be called from a browser or
mobile device.

Public data services OData and GraphQL are both good choices for exposing complex
hierarchical datasets that could come from di erent data stores.
OData is designed and supported by Microso viao cial .NET
packages. GraphQL is designed by Facebook and supported by third-
party packages.
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Service-to-services gRPC is designed for low latency and high throughput communication.
gRPC is great for lightweight internal microservices where e ciency
is critical.

Point-to-point real-time gRPC has excellent support for bidirectional streaming. gRPC services
communication can push messages in real time without polling. SignalR is designed
for real-time communication of many kinds, so it tends to be easier to
implement than gRPC although itis lesse cient.

Broadcast real-time SignalR has great support for broadcasting real-time communication
communication to many clients.
Polyglot environments gRPC tooling supports all popular development languages, making

gRPC a good choice for multi-language and platform environments.

Network bandwidth gRPC messages are serialized with Protobuf, a lightweight message
constrained format. A gRPC message is always smaller than an equivalent JSON
environments message.

Nanoservices Azure Functions do not need to be hosted 24/7 so they are a good

choice for nanoservices that usually do not need to be running
constantly. Amazon Web Services (AWS) Lambdas are an alternative.

Building Windows-only apps
Technologies for building Windows-only apps, primarily for the desktop, include:

Windows Forms, 2002.

Windows Presentation Foundation (WPF), 2006.

Windows Store apps, 2012.

Universal Windows Platform (UWP) apps, 2015.

Windows App SDK (formerly WinUI 3 and Project Reunion) apps, 2021.

Understanding legacy Windows application platforms

With the Microso Windows 1.0 release in 1985, the only way to create Windows applications was to
use the C language and call functions in three core DLLs named kernel, user, and GDI. Once Windows
became 32-bit with Windows 95, the DLLs were su  xed with 32 and became known as Win32 API.

In 1991, Microso introduced Visual Basic, which provided developers a visual, drag-and-drop-from-
a-toolbox-of-controls way to build the user interface for Windows applications. It was immensely
popular, and the Visual Basic runtime is still distributed as part of Windows 11 today.

With the rstversion of C# and .NET Framework released in 2002, Microso provided technology for
building Windows desktop applications named Windows Forms. The equivalent at the time for web
development was named Web Forms, hence the complementary names. The code could be written
in either Visual Basic or C# languages. Windows Forms had a similar drag-and-drop visual designer,
although it generated C# or Visual Basic code to de ne the user interface, which can be di cult for
humans to understand and edit directly.
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In 2006, Microso released a more powerful technology for building Windows desktop applications,
named Windows Presentation Foundation (WPF), as a key component of .NET Framework 3.0 along-
side Windows Communication Foundation (WCF) and Windows Work ow (WF).

Although a WPF app can be created by writing only C# statements, it can also use eXtensible Applica-
tion Markup Language (XAML) to specify its user interface, which is easy for both humans and code
to understand. Visual Studio for Windows is partially built with WPF.

In 2012, Microso released Windows 8 with its Windows Store apps that run in a protected sandbox.

In 2015, Microso released Windows 10 with an updated Windows Store app concept named Universal
Windows Platform (UWP). UWP apps can be built using C++ and DirectX Ul, or JavaScript and HTML,
or C# using a custom fork of modern .NET that is not cross-platform but provides full access to the
underlying WinRT APIs.

UWP apps can only execute on the Windows 10 or Windows 11 platforms, not earlier versions of Win-
dows, but UWP apps can run on Xbox and Windows Mixed Reality headsets with motion controllers.

Many Windows developers rejected Windows Store and UWP apps because they have limited access to
the underlying system. Microso recently created Project Reunion and WinUI 3, which work together
to allow Windows developers to bring some of the bene ts of modern Windows development to their
existing WPF apps and allow them to have the same bene ts and system integrations that UWP apps
have. This initiative is now known as Windows App SDK.

Understanding modern .NET support for legacy Windows platforms

The on-disk size of the .NET SDKs for Linux and macOS are about 330 MB. The on-disk size of the .NET
SDK for Windows is about 440 MB. This is because it includes the Windows Desktop Runtime, which
allows the legacy Windows application platforms Windows Forms and WPF to be run on modern .NET.

There are many enterprise applications built using Windows Forms and WPF that need to be main-
tained or enhanced with new features, but until recently they were stuck on .NET Framework, which
is now a legacy platform. With modern .NET and its Windows Desktop Pack, these apps can now use
the full modern capabilities of .NET.

Building cross-platform mobile and desktop apps

There are two major mobile platforms: Apples iOS and Googles Android, each with their own pro-
gramming languages and platform APIs. There are also two major desktop platforms: Apples macOS
and Microso s Windows, each with their own programming languages and platform APlIs, as shown
in the following list:

iOS: Objective C or Swi and UIKit.

Android: Java or Kotlin and Android API.

macOS: Objective C or Swi and AppKit or Catalyst.

Windows: C, C++, or many other languages and Win32 API or Windows App SDK.
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Cross-platform mobile and desktop apps can be built once for the .NET Multi-platform App Ul (MAUI)
platform, and then can run on many mobile and desktop platforms.

.NET MAUI makes it easy to develop those apps by sharing user interface components as well as busi-
ness logic; they can target the same .NET APIs as used by console apps, websites, and web services.

The apps can exist standalone, but they usually call services to provide an experience that spans across
all your computing devices, from servers and laptops to phones and gaming systems.

.NET MAUI supports existing MVVM and XAML patterns. The team also plans to add support in the
future for Model-View-Update (MVU) with C#, which is like Apples Swi UL.

.NET MAUI alternatives

Before Microso created .NET MAUI, third parties created open-source initiatives to enable .NET
developers to build cross-platform apps using XAML, named Uno and Avalonia.

Understanding Uno platform
Unois the rstC# & XAML, free and open-source platform for creating true single-source, multi-plat-
form applications , stated on their own website at the following link: https://platform.uno/.

Developers can reuse 99% of the business logic and Ul layer across native mobile, web, and desktop.

Uno platform uses the Xamarin native platform but not Xamarin.Forms. For WebAssembly, Uno uses
the Mono-WASM runtime just like Blazor WebAssembly. For Linux, Uno uses Skia to draw the user
interface on canvas.

/ A book to learn Uno platform can be found at the following link: https://www.
\/{D> packtpub.com/product/creating-cross-platform-c-applications-with-uno-
platform/9781801078498.

Understanding Avalonia

Avalonia is a cross-platform Ul framework for .NET. It creates pixel-perfect, native apps, It is sup-
ported on all major platforms. Avalonia isthe trusted Ul framework for complex apps , as stated on
their o cial website home page at the following link: https://avaloniaui.net/.

You can think of Avalonia as a spiritual successor to WPF. WPF, Silverlight, and UWP developers can
continue to bene t from their years of pre-existing knowledge and skills.

It was used by JetBrains to modernize their WPF-based tools and take them cross-platform.

The Avalonia extension for Visual Studio and deep integration with JetBrains Rider makes development
easier and more productive.
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Setting up your development environment
Before you start programming, you Il 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 2022 for Mac

Visual Studio Code for Windows, Mac, or Linux

Visual Studio Code for Web

GitHub Codespaces

Third parties have created their own C# code editors, for example, JetBrains Rider.

In Chapters 1to 17, you can use OS-speci ¢ Visual Studio 2022 or cross-platform Visual Studio Code and
JetBrains Rider to build all the apps and services. In Chapter 18, Building Mobile and Desktop Apps Using
.NET MAUI, and Chapter 19, Integrating .NET MAUI Apps with Blazor and Native Platforms, although you
could use Visual Studio Code to build the mobile and desktop app, it is not easy. Visual Studio 2022 for
Windows or Mac has better support for .NET MAUI than Visual Studio Code does (for now).

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

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 for Windows, Visual Studio for Mac, or even JetBrains Rider.

For building user interfaces, Visual Studio 2022 for either Windows or Mac is best because it provides
a GUI editor. Visual Studio Code does not yet have a GUI editor for XAML-based platforms like WPF
or .NET MAUI.

In this book, I give general instructions that work with all tools so you can use whichever tool you prefer.

Using 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#.

Being cross-platform and lightweight, it can be installed on all platforms that your apps will be de-
ployed 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 has strong support for web development, although it currently has weak support
for mobile and desktop development.

Visual Studio Code is supported on ARM processors, so you can develop on Apple Silicon computers
and Raspberry Pi.
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Visual Studio Code is by far the most popular integrated development environment, with over 70% of
professional developers selecting it in the Stack Over ow 2021 survey.

Using 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.

Using Visual Studio for Mac for general development

Visual Studio 2022 for Mac can create most types of applications, including console apps, websites,
web services, desktop, and mobile apps.

To compile apps for Apple operating systems like iOS to run on devices like the iPhone and iPad, you

must have Xcode, which only runs on macOS.

Using Visual Studio for Windows for general development

Visual Studio 2022 for Windows can create most types of applications, including console apps, websites,
web services, desktop, and mobile apps.

Although you can use Visual Studio 2022 for Windows with a .NET MAUI project to write a cross-plat-
form mobile app, you still need macOS and Xcode to compile it.

Visual Studio 2022 for Windows only runs on Windows 10 version 1909 or later, or Windows Server

2016 or later, and only on 64-bit versions. Version 17.4 is the rst version to support native Arme64.

What | used

To write and test the code for this book, I used the following hardware:

HP Spectre (Intel) laptop
Apple Silicon Mac mini (M1) desktop
Raspberry Pi 400 (ARM v8) desktop

I used the following so ware:
Visual Studio Code on:

macOS on the Apple Silicon Mac mini (M1) desktop
Windows 11 on the HP Spectre (Intel) laptop
Ubuntu 64 on the Raspberry Pi 400

Visual Studio 2022 for Windows on:
Windows 11 on the HP Spectre (Intel) laptop
Visual Studio 2022 for Mac on:

macOS on the Apple Silicon Mac mini (M1) desktop
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I hope that you have access to a variety of hardware and so ware too, because seeing the di erences
on various platforms deepens your understanding of development challenges, although any one of
the above combinations is enough to learn how to build practical apps and websites.

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 | wrote at the following link: https://
github.com/markjprice/apps-services-net7/tree/main/docs/raspberry-pi-
ubuntu64.

Deploying cross-platform

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

.NET 7 supports the following platforms for deployment:

Windows: Windows 10 version 1607, or later, including Windows 11, on x86, x64 or Armé4.
Windows Server 2012 R2 SP1, or later. Nano Server version 1809, or later.

Mac: macOS Catalina (version 10.15), or later.

Linux: Alpine Linux 3.15, or later. CentOS 7, or later. Debian 10, or later. Fedora 33, or later.
openSUSE 15, or later. RHEL 7, or later. SUSE Enterprise Linux 12 SP2, or later. Ubuntu 18.04,
or later.

Android: API 21, or later.

i0S: 10, or later.

Windows ARM64 supportin .NET 5 and later means you can develop on, and deploy to, Windows ARM
devices like Microso Surface Pro X. Developing on an Apple M1 Mac using Parallels and a Windows
11 ARM virtual machine is twice as fast.

/ Windows 7 and Windows 8.1 are only supported with .NET 6 until January 2023. They are
;D > not supported with .NET 7 or later. You can read more at the following link: https://
github.com/dotnet/core/issues/7556.

Downloading and installing Visual Studio 2022 for Windows

Many professional Microso developers use Visual Studio 2022 for Windows in their day-to-day devel-
opment 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.

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 for Windows
available to students, open-source contributors, and individuals for free. It is called Community Edi-
tion. Any of the editions are suitable for this book. If you have not already installed it, lets do so now:
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1. Download Visual Studio 2022 version 17.4 or later for Windows from the following link: https://
visualstudio.microsoft.com/downloads/.

Start the installer.
On the Workloads tab, select the following:

ASP.NET and web development

Azure development

.NET Multi-platform App Ul development

.NET desktop development (because this includes console apps)

4. On the Individual components tab, in the Code tools section, select the following:
Git for Windows

Click Install and wait for the installer to acquire the selected so ware and install it.
When the installation is complete, click Launch.

The rsttime 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 dont, then register for a new one at the following
link: https://signup.live_com/.

8. The rsttime thatyou run Visual Studio, you will be prompted to con gure your environment.
For Development Settings, choose Visual C#. For the color theme, | chose Blue, but you can
choose whatever tickles your fancy.

9. Ifyouwantto customize your keyboard shortcuts, navigate to Tools | Options , and then select
the Environment | Keyboard option.

Visual Studio 2022 for Windows keyboard shortcuts

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, | will try to show them.

If you want to identify and customize your keyboard shortcuts, then you can, as shown at the follow-
ing link: https://docs.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 an
Insiders edition, which is a daily build of the next version.

L, Good Practice: Even if you plan to only use Visual Studio 2022 for Windows for develop-
',@\' ment, you must install Visual Studio Code so that you can use some of its extensions, like
= the REST Client, that we will use in this book for testing of web and data services.
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Lets now download and install Visual Studio Code, the .NET SDK, and the C# extension:

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

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

2. Download and install the .NET SDKs for versions 6.0 and 7.0 from the following link: https://
www .microsoft.com/net/download.

To fully learn how to control .NET SDKs, we need multiple versions installed.
, .NET 6.0 and .NET 7.0 are two currently supported versions. You can safely install
\@/ multiple SDKs side by side. Although .NET 6.0 is not the most recent, it is the most
recent Long Term Support (LTS) version so it has an end of life six months a er

.NET 7.0; that is another good reason to install it.

3. Toinstall the C# extension, you must rst launch the Visual Studio Code application.
4. InVisual Studio Code, click the Extensions icon or navigate to View | Extensions.

C# 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 the following table:

Extension name and

. . Description
identi er :

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.

C# for Visual Studio Code
(powered by OmniSharp)

ms-dotnettools.csharp

MSBuild project tools

) _ ) Provides IntelliSense for MSBuild project les, including
tintoy.msbuild-project-

autocomplete for <PackageReference> elements.

tools

REST Client Send an HTTP request and view the response directly in Visual
humao.rest-client Studio Code.

ilspy-vscode Decompile MSIL assemblies support for modern .NET, .NET

icsharpcode. ilspy-vscode | Framework, .NET Core, and .NET Standard.
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Azure Functions for Visual Create, debug, manage, and deploy serverless apps directly from
Studio Code VS Code. It has dependencies on Azure Account (ns-vscode.
ms-azuretools.vscode- azure-account) and Azure Resources (ms-azuretools.vscode-
azurefunctions azureresourcegroups) extensions.

GitHub repositories Browse, search, edit, and commit to any remote GitHub
github.remotehub repository directly from within Visual Studio Code.

SQL Server (mssql) for Visual For developing SQL Server, Azure SQL Database, and SQL Data
Studio Code Warehouse everywhere with a rich set of functionalities.

ms-mssqgl .mssql

vscode-proto3 Syntax highlighting, syntax validation, code snippets, code
zxh404 _vscode-proto3 completion, code formatting, brace matching, and line and block
commenting.

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 1.66, March 2022 feature release
Version 1.66.1, March 2022 bug x release

The version used in this book is 1.71, but the version of Visual Studio Code is less important than the
version of the C# for Visual Studio Code extension that you installed. For example, to support C# 11
features, you should install C# extension 1.25 or later.

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

Visual Studio Code keyboard shortcuts

In this book, I will avoid showing keyboard shortcuts used for tasks like creating a new le since they
areo endi erentondi erentoperating systems. The situations where I will show keyboard shortcuts
are when you need to repeatedly press the key, for example, while debugging. These are also more
likely to be consistent across operating systems.

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 keyboard shortcuts for your operating system from the
following list:

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

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

Finding the solution code on GitHub

The solution code in the GitHub repository for this book includes separate folders for Visual Studio
2022 for Windows and Visual Studio Code, as shown in the following list:

Visual Studio 2022 solutions: https://github.com/markjprice/apps-services-net7/tree/
main/vsdwin
Visual Studio Code solutions: https://github.com/markjprice/apps-services-net7/tree/
main/vscode

Consuming Azure resources

Some of the chapters in this book will require you to sign up for an Azure account and create Azure
resources. Frequently, there are free tiers or local development versions of these services, but some-
times you will have to create a resource that has a cost while it exists.

Microso currently says, Eligible new users get $200 Azure credit in your billing currency for the
rst 30 days and a limited quantity of free services for 12 months with your Azure free account. You
can learn more at the following link:

https://docs.microsoft.com/en-us/azure/cost-management-billing/manage/avoid-charges-
free-account

| .
_‘@’_ Good Practice: Delete Azure resources as soon as you do not need them to keep your
EA costs low.

A summary of which chapters need Azure resources and if a local development alternative is available
is shown in the following table:

Chapter | Azure resource | Free tier Local development alternative

2 SQL Database As part of free rst year. SQL Server Developer Edition on
Windows, or SQL Edge in a Docker
container on Windows, Linux, and

macOS.
3 Cosmos DB 1,000 RU/s and 25 GB of Azure Cosmos DB Emulator on Windows
database storage. or the preview version on Linux.
13 Azure SignalR 20 concurrent Add SignalR to any ASP.NET Core project
Service connections and 20,000 for local development.

messages per day with
99.9% SLA.
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14

Azure 1 million requests and Azurite open-source emulator for
Functions 400,000 GB-s of resource testing Azure blob, queue storage, and
consumption per month. | table storage applications like Azure
Functions.

You can nd out how to check your usage of free Azure resources at the following link:

\/;n{ https://docs.microsoft.com/en-us/azure/cost-management-billing/manage/

check-free-service-usage.

Using an analyzer to write better code

.NET analyzers nd potential issues and suggest xes for them. StyleCop is acommonly used analyzer
for helping you write better C# code.

Lets see it in action:

1.

Use your preferred code editor to create a Console App/console project named CodeAnalyzing
in a Chapter01 solution/workspace.

In the CodeAnalyzing project, add a package reference for StyleCop.Analyzers.
Add a JSON le to your project named stylecop.json for controlling StyleCop settings.
Modify its contents, as shown in the following markup:

{

"$schema': "https://raw.githubusercontent.com/DotNetAnalyzers/
StyleCopAnalyzers/master/StyleCop.Analyzers/StyleCop.Analyzers/Settings/
stylecop.schema. json™,

"settings": {

}
}

The $schema entry enables IntelliSense while editing the stylecop. json leinyour code editor.

Move the insertion point inside the settings section and press Ctrl + Space, and note the In-
telliSense showing valid subsections of settings, as shown in Figure 1.2:

' B File Edit View Gt Project Build Debug Test Analyze Tools Extensions Window Help | Sesrch Culeq) » Chaptertl = O
G-SBE |92 - [oebug | P Codernslyzing - > &~ | BB B - ERTTEI i ereview |
Shyicopjson e = 8 Solution Explorer -
Schema: |hitps m/D vzers/StyleCop yiwCop Analyzers/Styh v ttings/st - | 4 A8 o-=00
1 Ei - e
"S§schema”: "https://raw.githubusercontent.com/DotNetAnalyzers/StyleCopAnalyz ikl _#
"eattings": { o8 [ solution ‘Chapterd1’ (1 of 1 preject)
) 4 [E CodeAnalyzing
P &5 Dependencies

suaEaHeN

saiopdig Janses

} 2 documentationRules Configuration for documentation rules (SA1500-)

} £ indentation Type: object b CH Program.cs
2 layoutRules [} stylecopjson
% maintainabilityRules
2 namingRules
> ordeningRules .
& No s S readabilityRules b lmd w5 SPC  CRIF
& spacingRules

T Add to Souree Control = 3] Select Repository = [0)

Figure 1.2: stylecop.json IntelliSense showing valid subsections of settings
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{
Debug.WriteLine(""Hello, Debugger!™);

}
}

8. Build the CodeAnalyzing project.
9. You will see warnings for everything it thinks is wrong, as shown in Figure 1.3:

I @ File Edit View Gt FProject Build Debug Test Apalyze Tools Extensions Window  Help Search (Ctri= () »p Chapter01 = O x
@ - T-SB & |9 - - |[osbug -| P Codeanalyzing - > o - | BB B - |2 Live Share &P m

CodeAnalyzing.csproj [I— o
5 Codatnalyzing | % Codeanatyzing Program « | RaMain(stringl] args)
{® 1 [ using System.Diagnostics;
: o

namespace CodeAnalyzi

Jnuopdyg sansag

{ } namespace System.Diagnostics
SA1200: Using directive should sppear within & namospace declarstion

Show patential fixes (Alt+Enter or Ctri+.)

Jelass; Pragram

Jaloidx3 USANISS  SUBHESYION

static void Main(string[] arg
Q0 A5 e L

-1 ||@® 0Emors @ 0of 1 Massage |[%7]| [Build + intelisense -]

Description Project Line  Suppression State

4 Ch1  SPC

01 XML comment analysis is dissbled due to project configuration CodeAnalyzing Active

Using directive should appear within a namespace declaration CodeAnalyzing Pregrarm.cs Active

3 The file header is missing or not located at the top of the file. Codednalyzing Program.cs Active

Active

1
1
1
Elements should be documented CodeAnalyzing  Program.cs 5 Active
Element ‘Program’ should declare an sccess modifier Codednalyzing  Program.cs 5

Eloment "Main’ should declare an access modifior Codofnalyzing  Program.cs Active

T Add to Source Control =

Figure 1.3: StyleCop code analyzer warnings
10. For example, it wants using directives to be put within the namespace declaration, as shown
in the following output:

C:\apps-services-net7\Chapter01\CodeAnalyzing\Program.cs(1,1): warning
SA1200: Using directive should appear within a namespace declaration [C:\

apps-services-net7\Chapter01\CodeAnalyzing\CodeAnalyzing.csproj]

Suppressing warnings
To suppress a warning, you have several options, including adding code and setting con guration.

To suppress a warning using an attribute, add an assembly-level attribute, as shown in the following
code:
[assembly:SuppressMessage(*'StyleCop.CSharp.OrderingRules",

""SA1200:UsingDirectivesMustBePlacedWithinNamespace', Justification =
"Reviewed."™)]

To suppress a warning using a directive, add #pragma statements around the statement that is causing
the warning, as shown in the following code:

#pragma warning disable SA1200 // UsingDirectivesMustBePlacedWithinNamespace
using System.Diagnostics;
#pragma warning restore SA1200 // UsingDirectivesMustBePlacedWithinNamespace
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Lets suppress the warning by modifying the stylecop.json le:

1. Instylecop.json,addacon guration option to setusing statements to be allowable outside
a namespace, as shown highlighted in the following markup:

{

"$schema': "https://raw.githubusercontent.com/DotNetAnalyzers/
StyleCopAnalyzers/master/StyleCop.Analyzers/StyleCop.Analyzers/Settings/
stylecop.schema. json",

"settings": {
"orderingRules™: {
"usingDirectivesPlacement': "outsideNamespace"
}
}
}

2. Build the project and note that warning SA1200 has disappeared.

3. Instylecop.json, set the using directives placement to preserve, which allows using state-
ments both inside and outside a namespace, as shown highlighted in the following markup:

"orderingRules™: {
"usingDirectivesPlacement': "preserve"

}

Fixing the code
Now, lets x all the other warnings:

1. InCodeAnalyzing.csproj, add an element to automatically generate an XML le for documen-
tation and add an element to treat warnings as errors, as shown highlighted in the following
markup:

<Project Sdk="Microsoft.NET.Sdk">

<PropertyGroup>
<OutputType>Exe</OutputType>
<TargetFramework>net7.0</TargetFramework>
<ImplicitUsings>enable</ImplicitUsings>
<Nullable>enable</Nullable>
<GenerateDocumentationFile>true</GenerateDocumentationFile>
<TreatWarningsAsErrors>true</TreatWarningsAsErrors>

</PropertyGroup>

2. Instylecop.json, add a con guration option to provide values for documentation for the
company name and copyright text, as shown highlighted in the following markup:

{

"$schema": "https://raw.githubusercontent.com/DotNetAnalyzers/
StyleCopAnalyzers/master/StyleCop.Analyzers/StyleCop.Analyzers/Settings/
stylecop.schema. json",
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<name>CodeAnalyzing</name>
</assembly>
<members>
<member name="T:CodeAnalyzing.Program'>
<summary>
The main class for this console app.
</summary>
</member>
<member name="M:CodeAnalyzing.Program.Main(System.String[])">
<summary>
The main entry point for this console app.
</summary>
<param name="args'>
A string array of arguments passed to the console app.
</param>
</member>
</members>
</doc>

The CodeAnalyzing.xml le can then be processed by a tool like DocFX to convert it into documenta-
tion les, as shown at the following link: https://www. jamescroft.co.uk/building-net-project-
docs-with-docfx-on-github-pages/.

What’s new in C# and .NET?

In 2020, .NET Core was rebranded .NET and the major version number skipped 4 to avoid confusion
with .NET Framework 4.x. Microso plans on annual major version releases every November, rather
like Apple does major version number releases of iOS every September.

The following table shows when the key versions of modern .NET were released, when future releases
are planned, and when they reach end of life and are therefore unsupported and receive no more bug
xes and security updates:

\Version

Released

End of life

.NET Core 3.1 (LTS)

December 3, 2019

December 3, 2022

.NET 5.0 (Current)

November 8, 2020

May 8, 2022

NET 6.0 (LTS)

November 8, 2021

November 8, 2024

.NET 7.0 (STS) November 8, 2022 May 2024
.NET 8.0 (LTS) November 2023 November 2026
.NET 9.0 (STS) November 2024 May 2026
.NET 10.0 (LTS) November 2025 November 2028
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Understanding .NET support
.NET versions are either LTS, STS (formerly known as Current), or Preview, as described in the fol-
lowing list:

Long Term Support (LTS) releases are stable and require fewer updates over their lifetime.
These are a good choice for applications that you do not intend to update frequently. LTS re-
leases are supported by Microso for 3yearsa er general availability, or 1 yeara er the next
LTS release ships, whichever is longer.

Standard Term Support (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 monthsa er
general availability, or 6 months a er the next 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 writers who need to have early
access to new language features, libraries, and app platforms. Preview releases are not sup-
ported by Microso but 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 xes throughout their lifetime for security and reliability. You
must stay up to date with the latest patches to get support. For example, if a system is running 1.0 and
1.0.1 has been released, 1.0.1 must be installed to get support.

\/V' End of support or end of life means the date a er which bug xes, security updates, or
technical assistance are no longer available from Microso .

Understanding .NET Runtime and .NET SDK versions

.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. For example, patch number 100 means SDK version 1.0,
patch number 101 means SDK version 1.1, and patch number 200 means SDK version 2.0. To summa-
rize, version 7.0.213 would mean .NET 7 SDK version 2.13.
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You can see an example of this in the following table:

Change Runtime SDK

Initial release 7.0.0 7.0.100
SDK bug x 7.0.0 7.0.101
Runtime and SDK bug x 7.0.1 7.0.102
SDK new feature 7.0.1 7.0.200

What’s new in C# 8 and .NET Core 3?

There were many language and library features introduced with C# 8 and .NET Core 3:

You can apply readonly to members of a struct.

You can use ??= to assign the value only if the le -hand operand evaluates to null.
You can use both $@". . ." and @$". . ."" as valid interpolated verbatim strings.
There are more ways to perform pattern matching.

You can make local functions static.

You can create and consume async streams, meaning iterators that implement
1AsyncEnumerable<T>, not streams that derive from the abstract Stream class. You will see an
example in Chapter 4, Benchmarking Performance, Multitasking, and Concurrency.

You can use await using to work with an asynchronously disposable object that implements
the System. 1AsyncDisposable interface.

Lets see some others in more detail.

Default interface methods

You can provide implementations of members in an interface. This is most useful when you have
de ned an interface, and in a later version you want to extend it. Normally you would not be able to
without breaking any clients that consume your interface, because any types that implement the in-
terface will not provide implementations for the new members. Now you can add new members with
implementations in the interface and the types will inherit the default implementations in the interface.
This is also useful for interactions with APIs for Android or Swi that also support this functionality.

Switch expressions
Switch expressions are a more compact switch syntax. For example, a switch statement, as shown in
the following code:

Stream? s;

string message;
switch (s)
{

case FileStream writeableFile when s.CanWrite:
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message = "The stream is a file that | can write to.";
break;
case FileStream readOnlyFile:
message = "'The stream is a read-only file.";
break;
case MemoryStream ms:
message = "The stream is a memory address.';
break;
default: // always evaluated last despite its current position
message = "The stream is some other type.";
break;
case null:
message = "The stream is null.";
break;

}

Could be more succinctly expressed as a switch expression, as shown in the following code:

Stream? s;

string message = s switch
{
FileStream writeableFile when s.CanWrite
=> "The stream is a file that | can write to.",
FileStream readOnlyFile
=> "The stream is a read-only file.",
MemoryStream ms
=> "The stream is a memory address.",
null
=> "The stream is null.",

=> "The stream is some other type."

I

Using declarations

You can simplify using blocks by removing the curly braces. For example, when working with a dis-
posable resource like a le, as shown in the following code:

using (FileStream file = File.OpenWrite(Path.Combine(path, "file.txt™)))
{

} 7/ automatically calls Dispose if the file is not null

This could be simpli ed, as shown in the following code:

using (FileStream file = File.OpenWrite(Path.Combine(path, "file.txt™)));
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Nullable reference types

The use of the nul I value is so common, in so many languages, that many experienced programmers
never question the need for its existence. But there are many scenarios where we could write better,
simpler code if a variable is not allowed to have a nul I value.

The most signi cant change to the C# 8 language compiler was the introduction of checks and warn-
ings for nullable and non-nullable reference types. Butwait! , you are probably thinking, Reference
types are already nullable!

And you would be right, but in C# 8 and later, reference types can be con gured to no longer allow
the null value by setting a le- or project-level option to enable this useful new feature. Since this is
a big change for C#, Microso decided to make the feature opt-in.

It will take multiple years for this new C# language compiler feature to make an impact since thousands
of existing library packages and apps will expect the old behavior. Even Microso did not have time
to fully implement this new feature in all the main .NET packages until .NET 6. Important libraries
like Microsoft._Extensions for logging, dependency injections, and con guration were not annotated
until .NET 7.

For example, in Microso s implementation of the System.String class, the I1sNul l0OrEmpty method
is annotated to indicate expected nullability. Since the purpose of the method is to return true only
when the value parameter is either null or empty, if the method returns false, the value must not
be null, so the static compiler analysis can be informed that the parameter will not be null when the
method returns false, as shown in the following code:

bool IsNullOrEmpty([NotNullWhen(false)] string? value)

, I am considering adding a chapter about the details of nullability to the second edition
\/b; of this book in 2023. Please let me know if that should be a priority for me over other
potential topics.

During the transition, you can choose between several approaches for your own projects:

Default: For projects created using .NET 5 or earlier, no changes are needed. Non-nullable
reference types are not checked. For projects created using .NET 6 or later, nullability checks
are enabled by default, but this can be disabled by either deleting the <Nul lable> entry in the
project le or setting itto disable.

Opt-in project, opt-out les: Enable the feature at the project level and, for any les that need
to remain compatible with old behavior, opt out. This was the approach Microso was using
internally while it updated its own packages to use this new feature.

Opt-in les: Only enable the feature for individual les.



Chapter 1 29

To enable the nullability warning check feature at the project level, add the following to your project le:

<PropertyGroup>

<Nullable>enable</Nullable>
</PropertyGroup>
To disable the nullability warning check feature at the project level, add the following to your project le:

<PropertyGroup>

<Nullable>disable</Nullable>
</PropertyGroup>
To disable the feature at the le level, add the following to the top of a code le:

#nullable disable

To enable the feature at the le level, add the following to the top of a code le:

#nullable enable

If you enable nullable reference types and you want a reference type to be assigned the null value,
then you will have to use the same syntax as making a value type nullable, that is, adding a ? symbol
a er the type declaration.

Indices and ranges
Indices and ranges enable e cient access to elements and slices of elements with an array:

De ne a position using System. Index
De ne aslice using System.Range

Items in an array can be accessed by passing an integer into their indexer, as shown in the following
code:

int index = 3;
Person p = people[index];
char letter = name[index];

The Index value type is a more formal way of identifying a position, and supports counting from the
end, as shown in the following code:

Index il = new Index(value: 3);

Index 12 = 3;

Index i3 new Index(value: 5, fromEnd: true);
Index 14 = "5;
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The Range value type uses Index values to indicate the start and end of its range, using its constructor,
C# syntax, or its static methods, as shown in the following code:

Range rl = new Range(start: new Index(3), end: new Index(7));
Range r2 = new Range(start: 3, end: 7);

Range r3 = 3..7;

Range r4 = Range.StartAt(3);

Range r5 = 3..;

Range r6 = Range.EndAt(3);

Range r7 = ..3;

What’s new in C# 9 and .NET 57

There were some important language and library features introduced with C# 9 and .NET 5:

More pattern matching enhancements like type patterns, parenthesized patterns, use of and,
or, and not in patterns, relational patterns with <, >, and so on.

Support for source code generators. They can only add code, not modify existing code.

Lets see some others in more detail.

Record types and init-only setters
The biggest new language feature in C# 9 was records. Sometimes you want to treat properties like

readonly elds so they can be set during instantiation but not a er. The new init keyword enables
this. It can be used in place of the set keyword, as shown in the following code:

namespace Packt.Shared;

public class ImmutablePerson

{
public string? FirstName { get; init; }
public string? LastName { get; init; }

}

ImmutablePerson jeff = new()

{
FirstName = "Jeff",

LastName = "Winger"

}:
jeff_FirstName = "Geoff";

The syntax for de ning a record can be greatly simpli ed using positional data members, as shown
in the following code:

public record ImmutableAnimal(string Name, string Species);
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Top-level statements

Before the C# 9 compiler, a console app and its Program.cs le needed to de ne a class with a Main
method as its entry point, as shown in the following code:

using System;

namespace HelloCS

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

With C# 9, the top-level statements feature allows the Program class to be created by the compiler, as
shown in the following code:

using System;
Console.WriteLine("'"Hello World!'");

All the boilerplate code to de ne a namespace, the Program class, and its Main method is generated
and wrapped around the statements you write.

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 go at the top of the le.

You must have at least one executable statement, like Console.WriteLine, or you will get a
compile error because the compiler cannot identify where the statements that need to go in-
side the Main method are. This is one reason why the Microso project template writes Hello
World! to the console instead of just having a comment!

If you declare any classes or other types, they must go 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.

Target-typed new

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:

XmIDocument xmlDoc = new();
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If you have atype witha eld or property that needs to be set, then the type can be inferred, as shown
in the following code:

Person kim = new();
kim.BirthDate = new(1967, 12, 26);

class Person

{
public DateTime BirthDate;

}

What’s new in C# 10 and .NET 67

There were many language and library features introduced with C# 10 and .NET 6:

Project templates enable nullability checks by default.

Project templates enable implicitly globally imported namespaces by default.
You can de ne value type records using record struct.

Constant interpolated strings.

File-scoped namespace declarations.

Lambda expressions are easier to write because the compiler can infer a delegate type from
the expression.

Lets see some others in more detail.

Top-level statements and implicitly imported namespaces by default

With .NET 6 and later, Microso updated the project template for console apps to use top-level state-
ments by default. It also implicitly imports common namespaces globally by default.

Traditionally, every .cs le that needs to import namespaces would have to start with using state-
ments to import those namespaces. Namespaces like System and System.Ling are needed in almost
all .cs les,sothe rstfewlinesofevery .cs leo en had atleastafew using statements, as shown
in the following code:

using System;

using System.Ling;

using System.Collections.Generic;

When creating websites and services using ASP.NET Core, there are 0 en dozens of namespaces that
each le would have to import.

C# 10 introduced a new keyword combination and .NET SDK 6 introduced a new project setting that
work together to simplify importing common namespaces.
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Same as Microsoft_NET.Sdk and:
Microsoft._Extensions.Configuration
Microsoft.NET.Sdk.Worker | Microsoft.Extensions.Dependencylnjection
Microsoft.Extensions.Hosting
Microsoft.Extensions.Logging

To control the implicit generation of this le and to control which namespaces are implicitly imported,
you can create an item group in the project le, as highlighted in the following markup:

<Project Sdk="Microsoft.NET.Sdk">

<PropertyGroup>
<OutputType>Exe</OutputType>
<TargetFramework>net7.0</TargetFramework>
<Nullable>enable</Nullable>
<ImplicitUsings>enable</ImplicitUsings>
</PropertyGroup>

<ltemGroup>

<Using Remove="System.Threading" />

<Using Include="System.Numerics" />

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

</Project>

Checking for null in method parameters
When de ning methods with parameters, it is good practice to check for null values.

In earlier versions of C#, you would have to write i f statements to check for nul I parameter values and
then throw an ArgumentNul IException for any parameter that is nul I, as shown in the following code:

public void Hire(Person manager, Person employee)

{
if (manager == null)
{
throw new ArgumentNul lException(nameof(manager));
}
it (employee == null)
{
throw new ArgumentNul lIException(nameof(employee));
}
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.NET 6 introduced a convenient method to throw an exception if an argument is null, as shown in
the following code:

public void Hire(Person manager, Person employee)

{
ArgumentNul IException.ThrowlfNul I (manager);
ArgumentNul IException.ThrowlfNull (employee);

}

C# 11 previews in early 2022 introduced a new !! operator that did this for you when you applied the
operator asasu X to parameter names, as shown in the following code:

public void Hire(Person manager!!, Person employee!l)

{
}

The if statement and throwing of the exception are done for you. The code is injected and executes
before any statements that you write.

The .NET product team claims to have saved more than 10,000 lines of code throughout the .NET
libraries by using this feature. But this syntax is controversial within the C# developer community
and unfortunately there were enough complaints during the previews that Microso reversed their
decision and removed the feature from previews. It is unlikely to return.

What’s new in C# 11 and .NET 77

There were many language and library features introduced with C# 11 and .NET 7:

C# 11 is available in preview with .NET 6 SDK 6.0.200 or later.
You can use newlines in string interpolations.

You can use static abstract members in interfaces.

You can de ne generic attributes.

Lets see some others in more detail.

Raw string literals

Raw string literals are convenient for entering any arbitrary text without needing to escape the contents.
They make it easy to de ne literals containing other languages like XML, HTML, or JSON.

Raw string literals start and end with three or more double-quote characters, as shown in the follow-
ing code:

string xml = """
<person age="50">
<first_name>Mark</first_name>
</person>
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In the previous code, the XML is indented by 13 spaces. The compiler looks at the indentation of the
last three double-quote characters, and then automatically removes that level of indentation from all
the content inside the raw string literal, as shown in the following markup:
<person age="50">
<first_name>Mark</first_name>
</person>

You can mix interpolated with raw string literals. You specify the number of braces that indicate a
replaced expression by adding that number of dollar signs to the start of the literal. Any fewer braces
than that are treated as raw content.

For example, if we want to de ne some JSON, single braces will be treated as normal braces, but the
two dollar symbols tell the compiler that any two curly braces indicate a replaced expression value,
as shown in the following code:

string json = $$""
{

“First_name": "{{person._FirstName}}",
"age": {{person.Age}},
};

Requiring properties to be set during instantiation

The required modi er can be appliedtoa eld or property. The compiler will ensure that you set the
eld or property to a value when you instantiate it.

For example, you might have two properties, one of which should be required, as shown in the fol-

lowing code:

namespace Packt.Shared;

public class Book

{
public required string Isbn { get; set; }
public string? Title { get; set; }

}

If you attempt to instantiate a Book without setting the 1sbn property, as shown in the following code:

Book book = new();
book.Title = "C# 11 and .NET 7 - Modern Cross-Platform Development';

Then you will see a compiler error, as shown in the following output:

Error CS9035 Required member "Book.lIsbn® must be set in the object

initializer or attribute constructor.
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You would therefore have to set the property during initialization, as shown in the following code:
Book book = new() { Isbn = "1234-5678"};

Generic math support

C# has supported math operations like addition and division using operators like + and / since its
rst version. But that support was implemented only for the numeric data types that were built into
the language like int and double.

What if a developer needs to de ne a new type of number? They could override the standard operators,
but that is a lot of work.

Microso hasadded features like static virtual members in interfaces, checked user de ned operators,
relaxed shi operators, and an unsigned right-shi operator, which are needed to enable anyone to
de ne new types of number that can implement some new interfaces and then work just like all the
built-in number types.

For example, you would implement the System. IAdditionOperators<TSelf, TOther, TResult>
interface in a new number type that implements the + operator.

As you can imagine, de ning your own numeric types is a rare and advanced capability, so | do not
cover it in this book. If you are interested in learning more, then | recommend reading the blog arti-
cle at the following link: https://devblogs.microsoft.com/dotnet/preview-features-in-net-6-
generic-math/.

Making good use of the GitHub repository for this book

Gitis 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 be closely integrated with Microso tools.

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

To store the solution code for the book, which will 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 longer articles that cannot tin the printed book.

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

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/
apps-services-net7/issues.

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

For a mistake in the book, the page number and section title.
Your operating system, for example, Windows 11 64-bit, or macOS Big Sur version 11.2.3.
Your hardware, for example, Intel, Apple Silicon, or ARM CPU.

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).

I want all my readers to be successful with my book, so if | can help you (and others) without too much
trouble, then I will gladly do so.

Giving me feedback

If youd like to give me more general feedback about the book, then you can email me or navigate to
the GitHub repository README . md page, which has links to some surveys. You can provide the feedback
anonymously, or if you would like a response from me, then you can supply an email address. | will
only use this email address to respond to your feedback.

My publisher, Packt, has set up Discord channels for readers to interact with authors and other readers.
You are welcome to join us at the following link: https://packt. link/apps_and_services_dotnet7.

I love to hear from my readers about what they like about my books, as well as suggestions for im-
provements and how they are working with C# and .NET, so dont be shy. Please get in touch!

Thank you in advance for your thoughtful and constructive feedback.

Downloading solution code from the GitHub repository

I use GitHub to store solutions to all the hands-on, step-by-step coding examples throughout chapters
and the practical exercises that are featured at the end of each chapter. You will nd the repository at
the following link: https://github.com/markjprice/apps-services-net7.

If you just want to download all the solution les without using Git, click the green Code button and
then select Download ZIP.

I recommend that you add the preceding link to your favorites or bookmarks.
_‘@’_ Good Practice: It is best to clone or download the code solutions to a short folder path like
g C:\dev\ to avoid build-generated les exceeding the maximum path length.

Where to go for help

This section is all about how to nd quality information about programming on the web.
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Reading Microsoft documentation

The de nitive resource for getting help with Microso developer tools and platforms is Microso Docs,
and you can nd it at the following link: https://docs.microsoft.com/.

Getting help for the dotnet tool

At the command line, you can ask the dotnet tool for help with its commands:

1. Toopentheo cial documentation inabrowser window for the dotnet build command, enter
the following at the command line or in the Visual Studio Code terminal:

dotnet help build

2. To get help output at the command line, use the -h or --help ag, as shown in the following
command:

dotnet new console -h

3. You will see the following partial output:

Console App (C#)
Author: Microsoft

Description: A project for creating a command-line application that can
run on .NET on Windows, Linux and macOS

Usage:
dotnet new console [options] [template options]
Options:
-n, --name <name> The name for the output being created. If no
name is specified, the name of the output directory is used.
-0, --output <output> Location to place the generated output.
--dry-run Displays a summary of what would happen if the
given command line were run if it would result in a template creation.
--force Forces content to be generated even if it would
change existing files.

--no-update-check Disables checking for the template package
updates when instantiating a template.

-lang, --language <C#> Specifies the template language to instantiate.
--type <project> Specifies the template type to instantiate.

Template options:
-f]--framework <net7.0|net6.0]...> The target framework for the
project.
Type: choice
net7.0 Target net7.0
net6.0 Target net6.0
net5.0 Target net5.0
netcoreapp3.-1. Target netcoreapp3.1
Default: net7.0
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--langVersion <langVersion> Sets the LangVersion property in the
created project file

Type: text

--no-restore If specified, skips the automatic restore of the
project on create.

Type: bool
Default: false

--use-program-main Whether to generate an explicit Program class and
Main method instead of top-level statements.

Type: bool
Default: false

To see help for other template languages (F#, VB), use --language option:
dotnet new console -h --language F#

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

Navigate to Google.

2. Search for information about garbage collection using asimple 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

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: http://computerstufftheydidntteachyou.com/.

I recommend it to everyone working with computers.
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Practicing and exploring

Test your knowledge and understanding by answering some questions, getting some hands-on practice,
and exploring with deeper research the topics in this chapter.

Exercise 1.1 — Test your knowledge
Use the web to answer the following questions:

1. Why is it good practice to add the following setting to your project les? And when should
you not set it?

<TreatWarningsAsErrors>true</TreatWarningsAsErrors>

Which service technology requires a minimum HTTP version of 2?

In 2010, your organization created a service using .NET Framework and Windows Communi-
cation Foundation. What is the best technology to migrate it to and why?

Which code editor or IDE should you install for .NET development?

What should you be aware of when creating Azure resources?

Which type of .NET release is higher quality, STS or LTS?

In new .NET projects, nullable checks are enabled. What are two ways to disable them?

If you de ne any types in a top-level program, where must they go in the Program.cs le?

How do you import a class like Console so that its static members like WriteLine are available
in all code les throughout a project?

w
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10. What is the best new C# 11 language feature?

Exercise 1.2 — Explore topics

Use the links on the following GitHub page to learn more about the topics covered in this chapter:

https://github.com/markjprice/apps-services-net7/blob/main/book-1inks.md#chapter-1---
introducing-apps-and-services-with-net

Summary

In this chapter, you:

Were introduced to the app and service technologies that you will learn about in this book.
Set up your development environment.

Used an analyzer to write better code.

Reviewed some of the new features in the C# compiler and the .NET libraries in modern versions.
Learned where to look for help.

In the next chapter, you will learn how to use SQL Server to store and manage relational data.
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Join our book’s Discord space

Join the books Discord workspace for Ask me Anything sessions with the author.

https://packt. link/apps_and_services_dotnet7



Managing Relational Data Using
SQL Server

This chapter is about managing relational data stored in SQL Server, Azure SQL Database, or Azure SQL
Edge. First, you will learn how to manage the data using native Transact-SQL statements. Next, you
will learn how to manage data at a low level using ADO.NET libraries (Microsoft.Data.SqlClient).
You will also learn how to manage the data by using the higher-level object-to-data store mapping
technology named Entity Framework Core (EF Core). Then, you will learn how to store entity models
that use inheritance hierarchies using three di erent mapping strategies. Finally, you will build class
libraries for a SQL Server database that will be used in code examples throughout the rest of this book.

This chapter will cover the following topics:

Understanding modern databases

Managing data with Transact-SQL

Managing SQL Server data with low-level APls
Managing SQL Server data with EF Core
Mapping inheritance hierarchies with EF Core
Building a reusable entity data model
Cleaning up data resources

Understanding modern databases

Two of the most common places to store data are in a Relational Database Management System
(RDBMS) such as SQL Server, PostgreSQL, MySQL, and SQLite, or in a NoSQL database such as Azure
Cosmos DB, MongoDB, Redis, and Apache Cassandra.

In this chapter, we will focus on the most popular RDBMS for Windows, which is SQL Server. This
product is also available in a version for Linux. For cross-platform development, you can use either
Azure SQL Database, which stores the data in the cloud, or Azure SQL Edge, which can run in a Docker
container on Windows, macOS, or Linux.
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Using a sample relational database

To learn how to manage an RDBMS using .NET, it would be useful to have a sample one so that you
can practice on a database that has a medium complexity and a decent number of sample records.
Microso o ers several sample databases, most of which are too complex for our needs, so instead,
we will use a database that was rst created in the early 1990s known as Northwind.

Lets take a minute to look at a diagram of the Northwind database and its eight most important tables.
You can use the diagram in Figure 2.1 to refer to as we write code and queries throughout this book:

ot o
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Fax
Figure 2.1: The Northwind database tables and relationships
Note that:

Each category has a unique identi er, name, description, and picture. The picture is stored
as a byte array in JPEG format.

Each product has a unique identi er, name, unit price, number of units in stock, and other
columns.

Each product is associated with a category by storing the category s unique identi er.

The relationship between Categories and Products is one-to-many, meaning each category
can have zero, one, or more products.

Each product is supplied by a supplier company, indicated by storing the supplier s unique
identi er.

A quantity and unit price of a product is stored for each detail of an order.
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Each order is made by a customer, taken by an employee, and shipped by a shipping company.
Each employee has a name, address, contact details, birth and hire dates, a reference to their
manager (except for the boss whose ReportsTo eld isnull), and a photo stored as a byte array
in JPEG format. The table has a one-to-many relationship to itself because one employee can
manage many other employees.

Connecting to a SQL Server database

To connect to a SQL Server database, we need to know multiple pieces of information, as shown in
the following list:

The name of the server (and the instance if it has one). This can include the protocol, IP address,
and port number if connecting over a network.

The name of the database.

Security information, such as the username and password, or if we should pass the currently
logged-on user s credentials automatically using Windows Authentication.

We specify this information in a connection string.

For backward compatibility, there are multiple possible keywords we can use in a SQL Server connec-
tion string for the various parameters, as shown in the following list:

Data Source, server, or addr: These keywords are the name of the server (and an optional
instance). You can use a dot . to mean the local server.

Initial Catalog or database: These keywords are the name of the database.

Integrated Security or trusted_connection: These keywords are set to true or SSP1 to pass
the threads current user credentials using Windows Authentication.

User 1dand Password: These keywords are used to authenticate with any edition of SQL Serv-
er. This is important for Azure SQL Database or Azure SQL Edge because they do not support
Windows Authentication. The full edition of SQL Server on Windows supports both username
with password, and Windows Authentication.

Authentication: This keyword is used to authenticate by using Azure AD identities that can
enable password-less authentication. Values can be Active Directory Integrated, Active
Directory Password, and Sql Password.

Persist Security Info: If set to false, this keyword tells the connection to remove the
Password from the connection string a er authenticating.

Encrypt: If set to true, this keyword tells the connections to use SSL to encrypt transmissions
between client and server.

TrustServerCertificate: Set to true if hosting locally and you get the error A connection
was successfully established with the server, but then an error occurred during the login
process. (provider: SSL Provider, error: 0 - The certi cate chain was issued by an authority
that is not trusted.)

Connection Timeout: This keyword defaults to 30 seconds.
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MultipleActiveResultSets: This keyword is set to true to enable a single connection to be
used to work with multiple tables simultaneously to improve e ciency. It is used for lazy
loading rows from related tables.

As described in the list above, when you write code to connect to a SQL Server database, you need to
know its server name. The server name depends on the edition and version of SQL Server that you
will connect to, as shown in the following table:

SQL Server edition Server name \ Instance name
LocalDB 2012 (localdb)\v11.0

LocalDB 2016 or later (localdb)\mssqgllocaldb
Express -\sqglexpress

Full/Developer (default
instance)

Full/Developer (named instance) |-\apps-services-net7

Azure SQL Edge (local Docker) tcp:127.0.0.1,1433

Azure SQL Database tcp:[custom server name].database.windows.net,1433
L, Good Practice: Use a dot . as shorthand for the local computer name. Remember that
‘,@\' server names for SQL Server can be made up of two parts: the name of the computer and

ay

the name of a SQL Server instance. You provide instance names during custom installation.

Installing and setting up SQL Server

Microso o ers various editions of its popular and capable SQL Server product for Windows, Linux,
and Docker containers. If you have Windows, then you can use a free version that runs standalone,
known as SQL Server Developer Edition. You can also use the Express edition or the free SQL Server
LocalDB edition that can be installed with Visual Studio 2022 for Windows.

If you do not have a Windows computer or if you want to use a cross-platform database system, then
you can skip ahead to Setting up Azure SQL Database or Installing Azure SQL Edge in Docker. Be sure
to read the Creating the Northwind sample database section to learn where to nd the SQL scripts that
create the sample database.

Installing SQL Server Developer Edition for Windows

On Windows, if you want to use the full edition of SQL Server instead of the simpli ed LocalDB or Ex-
press editions, then you can nd all SQL Server editions at the following link: https://www.microsoft.
com/en-us/sql-server/sql-server-downloads.

To download and con gure SQL Server Developer Edition, use the following steps:

1. Download the Developer edition.
2. Runtheinstaller.
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10.
11.
12.

13.

14.

15.

16.

17.
18.

19.
20.

Select the Custom installation type.
Select a folder for the installation les and then click Install.
Wait for the 1.5 GB of installer les to download.

In SQL Server Installation Center, click Installation, and then click New SQL Server stand-
alone installation or add features to an existing installation.

Select Developer as the free edition and then click Next.

Accept the license terms and then click Next.

Review the Microso Update options, and then click Next.

Review the install rules, x any issues, and then click Next.

In Feature Selection, select Database Engine Services, and then click Next.

In Instance Con guration, select Default instance, and then click Next. If you already have a
default instance con gured, then you could create a named instance, perhaps called net7book.

In Server Con guration, note the SQL Server Database Engine is con gured to start automat-
ically. Set the SQL Server Browser to start automatically, and then click Next.

In Database Engine Con guration, on the Server Con guration tab, set Authentication Mode
to Mixed, set the sa account password to a strong password, click Add Current User, and then
click Next.

In Ready to Install, review the actions that will be taken, and then click Install.

In Complete, note the successful actions taken, and then click Close.

In SQL Server Installation Center, in Installation, click Install SQL Server Management Tools.
In the browser window, click to download the latest version of SSMS.

\/‘/‘ The direct link to download SSMS is as follows: https://docs.microsoft.com/
en-us/sql/ssms/download-sql-server-management-studio-ssms.

Run the SSMS installer and click Install.
When the installer has nished, click Restart if needed or Close.

/ Azure Data Studio (ADS) is automatically installed alongside SSMS. ADS is
\/;D> cross-platform and open-source, so you can use it to work with SQL Server data-
bases on any desktop operating system.

Visual Studio Code extension for working with SQL Server

There are many tools that make it easy to work with SQL Server. If you are using Visual Studio Code,
then you can install the SQL Server (mssgl) ms-mssqgl .mssqgl extension.
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If you install the extension, it adds a new view to the Primary Side Bar titled SQL Server, as shown
in Figure 2.2:
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Figure 2.2: SQL Server (mssql) extension for Visual Studio Code

Creating the Northwind sample database on Windows

Now we can run a database script to create the Northwind sample database on Windows using SQL
Server Management Studio (SSMS):

1. If you have not previously downloaded or cloned the GitHub repository for this book, then do
so now using the following link: https://github.com/markjprice/apps-services-net7/.

In your apps-services-net7 folder, create a folder named Chaptero02.

Copy the script to create the Northwind database for SQL Server from the following path in
your local Git repository: /sgl-scripts/Northwind4SQLServer.sql into the Chapter02 folder.

4. Start SQL Server Management Studio.

In the Connect to Server dialog, for Server name, enter . (a dot), meaning the local computer
name, and then click Connect.

\/V> If you had to create a named instance, like net7book, then enter .\net7book.

Navigate to File | Open | File....
Browse to select the Northwind4SQLServer.sgl le and then click Open.
In the toolbar, click Execute, and note the Command(s) completed successfully message.

© ®» N o

In Object Explorer, expand the Northwind database, and then expand Tables.
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10. Right-click Products, click Select Top 1000 Rows, and note the returned results, as shown in

Figure 2.3:
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Figure 2.3: The Products table in SQL Server Management Studio

11. Inthe Object Explorer toolbar, click the Disconnect button.
12. Exit SQL Server Management Studio.

We did not have to use SQL Server Management Studio to execute the database
V4 script. We can also use tools in Visual Studio 2022, including the SQL Server Object
\G/\ Explorer and Server Explorer, or cross-platform tools like the Visual Studio Code
extension for SQL Server, or Azure Data Studio, which you can download and install

from the following link: https://aka.ms/getazuredatastudio.

Setting up Azure SQL Database
If you do not have a Windows computer, then you can create a cloud-hosted instance of SQL Server.
You will need an Azure account. You can sign up at the following link: https://signup.azure.com.
1. Log in to your Azure account: https://portal .azure.comn/.
2. Navigate to https://portal .azure.com/#create/hub.
3. Search for Resource group and then click the Create button.
4

Enter a resource group name of apps-services-net7 and select a suitable region close to you,
and then click the Review + create button.

o

Review your choices and then click the Create button.
Create another resource, search for SQL Database, and click Create.

In the Create SQL Database page, in the Basics tab, for the Database name enter Northwind,
and select the resource group that you created before.

8. Inthe Server section, click Create New.
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Installing Azure SQL Edge in Docker

If you do not have a Windows computer, and you do not want to pay for Azure resources, then you
can install Docker and use a container that has Azure SQL Edge, a cross-platform minimal featured
version of SQL Server that only includes the database engine.

The Docker image we will use has Azure SQL Edge based on Ubuntu 18.4. It is supported with the
Docker Engine 1.8 or later on Linux, or on Docker for Mac or Windows. Azure SQL Edge requires a
64-bit processor (either x64 or ARM64), with a minimum of one processor and 1 GB RAM on the host.

Install Docker from the following link: https://docs.docker.com/engine/install/.

Start Docker.

At the command prompt or terminal, pull down the latest container image for Azure SQL Edge,
as shown in the following command:

docker pull mcr.microsoft.com/azure-sql-edge: latest

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

latest: Pulling from azure-sql-edge

2f94e549220a: Pull complete

830bladcle72: Pull complete

f6caeabb4bd2: Pull complete

ef3b33eb5a27: Pull complete

8a42011e5477: Pull complete

f173534aale4: Pull complete

6c1894e17f11: Pull complete

a81c43e790ea: Pull complete

€c3982946560a: Pull complete

25¥31208d245: Pull complete

Digest:
sha256:7c203ad8b240ef3bff81cad794f31936c9b864cc165dd187c23c5bFe06cf0340
Status: Downloaded newer image for mcr.microsoft.com/azure-sql-
edge: latest

mcr.microsoft.com/azure-sql-edge: latest

5. At the command prompt or terminal, run the container image for Azure SQL Edge with a
strong password and name the container azuresgledge, as shown in the following command:

docker run --cap-add SYS PTRACE -e "ACCEPT_EULA=1" -e "MSSQL_SA

PASSWORD=s3cret-Ninja"™ -p 1433:1433 --name azuresqledge -d mcr.microsoft.
com/azure-sqgl-edge

Good Practice: The password must be at least 8 characters long and contain char-

Q- acters from three of the following four sets: uppercase letters, lowercase letters,

= digits, and symbols; otherwise, the container cannot set up the SQL Edge engine
and will stop working.
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11. Add a data connection, and

Il in the dialog box, as shown in Figure 2.9:
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Figure 2.9: Connecting to your Azure SQL Edge server from Visual Studio

Right-click the data connection and choose New Query.

Copy and paste the contents of the Northwind4AzureSQLedge-sql
and execute it.

le into the query window

Wait to see the Command completed successfully message.

In Server Explorer, refresh the data connection if needed, right-click Tables and select Refresh,
and note that 13 tables have been created, for example, Categories, Customers, and Products.

Also note that dozens of views and stored procedures have also been created.

You now have a running instance of Azure SQL Edge containing the Northwind database that you can

connect to from a console app.

Managing data with Transact-SQL

Transact-SQL (T-SQL) is SQL Server s dialect of Structured Query Language (SQL). Some pronounce
it tee-sequel, others tee-es-queue-el.

Unlike C#, T-SQL is not case-sensitive; for example, you can use int or INT to specify the 32-bit integer
data type, and you can use SELECT or select to start a query expression. Text stored in SQL Server can
be treated as case-sensitive or not depending on con guration.

&

T-SQL data types

T-SQL has data types that are used for columns, variables, parameters, and so on.

The complete reference for T-SQL is found at the following link: https://docs.microsoft.
com/en-us/sql/t-sql/language-reference.
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Category Examples

Numbers bigint, bit, decimal, float, int, money, numeric, real, smallint,
smalImoney, tinyint

Date and time date, datetime2, datetime, datetimeoffset, smal ldatetime, time

Text char, nchar, ntext, nvarchar, text, varchar

Binary binary, image, varbinary

Other cursor, hierarchyid, sql_variant, table, rowversion, uniqueidentifier,
xml

\/V> T-SQL also has support for spatial geometry and geography types.

Documenting with comments

To comment out the rest of a line, use -- which is the equivalent of //.

To comment out a block, use /* and the start and */ at the end, just like in C#.

Declaring variables

Local variable names are pre xed with @ and they are de ned using SET, SELECT, or DECLARE, as shown
in the following code:

DECLARE @WholeNumber INT;

SET @WholeNumber = 3;

SET @WholeNumber = @WholeNumber + 1;

SELECT @WholeNumber = COUNT(*) FROM Employees;

SELECT @WholeNumber = Employeeld FROM Employees WHERE FirstName = "Janet”;

Global variables are pre xed with @@. For example, @@ROWCOUNT is a context-dependent value that
returns the number of rows a ected by a statement executed within the current scope, for example,
the number of rows updated or deleted.

Specifying data types
Most types have a xed size. For example, an int uses four bytes, a smal lint uses two bytes, and a
tinyint uses one byte.

For text and binary types, you can either specify a type pre xed with var or nvar (meaning variable
size) that will automatically change its size based on its current value up to a maximum, as shown in
the following example: varchar (40); or you can specifya xed number of characters that will always
be allocated, as shown in the following example: char (40).
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For text types, the n pre x indicates Unicode, meaning it will use two bytes per character. Text types
not pre xed with n use one byte per character.

Controlling flow

T-SQL has similar ow control keywords as C#, for example, BREAK, CONTINUE, GOTO, IF. . .ELSE, CASE,
THROW, TRY. . .CATCH, WHILE, and RETURN. The main di erence is the use of BEGIN and END to indicate
the start and end of a block, the equivalent of curly braces in C#.

Operators

T-SQL has similar operators as C#, for example, = (assignment), +, -, *, /, %, <, >, <=,==, 1=, &, |, ", and
so on. It has logical operators like AND, OR, NOT, and LINQ-like operators like ANY, ALL, SOME, EXISTS,
BETWEEN, and IN.

LIKE is used for text pattern matching. The pattern can use % for any number of characters. The
pattern can use _ for a single character. The pattern can use [] to specify a range and set of allowed
characters, for example, [0-9A-Z.-,].

If a table or column name contains spaces, then you must surround the name in square

\E// brackets like [Order Details]. The SQL scripts to create the Northwind database include
the command set quoted_identifier on, soyou can also use double-quotes like *Order
Details". Single quotes are used for literal text like "USA".

Data Manipulation Language (DML)
DML is used to query and change data.
The most common statement in DML is SELECT, which is used to retrieve data from one or more tables.

SELECT is extremely complicated because it is so powerful. This book is not about learning T-SQL, so
the quickest way to get a feel for SELECT is to see some examples, as shown in the following table:

Example Description

SELECT * Get all columns of all the employees.
FROM Employees

SELECT FirstName, LastName Getthe rstand last name columns of all
FROM Employees employees.

SELECT emp.FirstName, emp.LastName Give an alias for the table name.

FROM Employees AS emp

SELECT emp.FirstName, emp.LastName Give an alias for the table name.
FROM Employees emp

SELECT FirstName, LastName AS Surname Give an alias for the column name.
FROM Employees
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Use your favorite database querying tool, like Visual Studio Server Explorer or Visual Studio Codes
mssql extension, to connect to your Northwind database and try out some of the queries above, as
shown in Figure 2.10 and Figure 2.11:

-
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Figure 2.10: Executing T-SQL queries using Visual Studio s Server Explorer
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Figure 2.11: Executing T-SQL queries using Visual Studio Code s mssql extension

DML for adding, updating, and deleting data
DML statements for adding, updating, and deleting data include:

Example Description

INSERT Employees(FirstName, LastName) | Add anew row into the Employees table. The

VALUES("Mark™, "Price") Employeeld primary key value is automatically
assigned. Use @@IDENTITY to get this value.
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UPDATE Employees Update my employee row to set my Country to
SET Country = "UK*® UK.

WHERE FirstName = "Mark*®
AND LastName = "Price”

DELETE Employees

WHERE FirstName = "Mark*®
AND LastName = "Price”

DELETE Employees

Delete my employee row.

Delete all rows in the Employees table.

TRUNCATE TABLE Employees Delete all rows in the Employees table more

e ciently because it does not log the individual
row deletions.

The above examples use the Employees table in the Northwind database. That table has
referential integrity constraints that mean that, for example, deleting all rows in the ta-
ble cannot happen, because every employee has related data in other tables like Orders.

&

Data Definition Language (DDL)

DDL statements change the structure of the database, including creating new objects like tables, func-
tions, and stored procedures. The following table shows some examples of DDL statements to give
you an idea, but the examples are simple and cannot be executed within the Northwind database.

Example
CREATE TABLE dbo.Shippers (

Shipperld INT PRIMARY KEY
CLUSTERED,

CompanyName NVARCHAR(40)
);

Description

Create a table to store shippers.

ALTER TABLE Shippers
ADD Country NVARCHAR(40)

Add a column to a table.

CREATE NONCLUSTERED INDEX IX_Country
ON Shippers(Country)

Add a non-clustered index for a columnin a
table.

CREATE INDEX IX_FullName

ON Employees(LastName, FirstName
DESC)

WITH (DROP_EXISTING = ON)

Change an aggregate index with multiple
columns and control the sort order.

DROP TABLE Employees

Delete the Employees table.

DROP TABLE IF EXISTS Employees

Delete the Employees table if it already exists.
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IF OBJECT_ID(N"Employees™, N*U") Check if a table exists. The N pre x before a
IS NOT NULL text literal means Unicode. "U" means a user
table as opposed to a system table.

Managing data with low-level APlIs

Microsoft.Data.SqlClient provides database connectivity to SQL Server for .NET applications. It is
known as the Microso ADO.NET driver for SQL Server and Azure SQL Database.

\/V' You can nd the GitHub repository for ADO.NET at the following link: https://github.
com/dotnet/SglClient.

The Microsoft.Data.SqlClient package supports the following .NET platforms:

.NET Framework 4.6.2 and later.
.NET Core 3.1 and later.
.NET Standard 2.0 and later.

Understanding the types in ADO.NET

ADO.NET de nesabstract types that represent minimal objects for working with data, like DbConnection,
DbCommand, and DbDataReader. Database so ware manufacturers can inherit from and provide speci ¢
implementations that are optimized for and expose additional features for their database. Microso
has done this for SQL Server. The most important types with their most used members are shown in
the following table:

Type Properties Methods Description
SglConnection ConnectionString, | Open, Close, Manage the connection to
State, CreateCommand, the database.
ServerVersion Retrieve
Statistics
SglConnection InitialCatalog, | Clear, Build a valid connection
StringBuilder DataSource, ContainsKey, string for a SQL Server
Encrypt, UserlD, Remove database.
Password, A er setting all the
ConnectTimeout, relevant individual
and so on properties, get the
ConnectionString
property.
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SqlCommand Connection, ExecuteReader, Con gure the command
CommandType, ExecuteNonQuery, to execute.
CommandText, ExecuteXmlReader,
Parameters, CreateParameter
Transaction
SqlParameter ParameterName, Con gure a parameter for
Value, DbType, a command.
Sqlvalue,
SqlDbType,
Direction,
IsNullable
SqlDataReader FieldCount, Read, Close, Process the result set
HasRows, GetOrdinal, from executing a query.
IsClosed, GetInt32,
RecordsAffected | GetString,
GetDecimal,
GetFieldvalue<T>

SqlConnection has two useful events: StateChange and InfoMessage.

All the ExecuteXxx methods will execute any command. The one you use depends on what you expect

to get back:

If the command includes at least one SELECT statement that returns a result set, then call
ExecuteReader to execute the command. This method returns a DbDataReader-derived object
for reading row-by-row through the result set.

If the command does not include at least one SELECT statement, thenitismoree cienttocall
ExecuteNonQuery. This method returns an integer for the number of rows a ected.

If the command includes at least one SELECT statement that returns XML because it uses the
AS XML command, then call ExecuteXmlReader to execute the command.

Creating a console app for working with ADO.NET

First, we will create a console app project for working with ADO.NET:

1. Use your preferred code editor to create a new solution/workspace named Chapter02.

2. Add aconsole app project, as de ned in the following list:

Project template: Console App/console

Workspace/solution

le and folder: Chapter02

Project le and folder: Northwind.Console.SqlClient
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SQL exception: A network-related or instance-specific error occurred
while establishing a connection to SQL Server. The server was not found
or was not accessible. Verify that the instance name is correct and that

SQL Server is configured to allow remote connections. (provider: TCP
Provider, error: 0 - No such host is known.)

/ When opening a SQL Server connection, the default timeout is 30 seconds for
\/;ﬂ> server connection problems, so be patient! We changed the timeout to 10 seconds
to avoid having to wait so long.

Executing queries and working with data readers using ADO.NET
Now that we have a successful connection to the SQL Server database, we can run commands and
process the results using a data reader.
1. InProgram.cs, import the namespace for working with ADO.NET command types, as shown
in the following code:

using System.Data;

2. Before the statement that closes the connection, add statements to de ne a command that
selects the 1D, name, and price from the Products table, executes it, and outputs the product
IDs, names, and prices using a data reader, as shown in the following code:

SqlCommand cmd = connection.CreateCommand();

cmd.CommandType = CommandType.Text;

cmd . CommandText "SELECT Productld, ProductName, UnitPrice FROM
Products";

SqlDataReader r = cmd.ExecuteReader();

WriteLine("'————————————— - ");
WriteLine('| {0,5} | {1,-35} | {2.8} |, "I1d", "Name", "Price');
WriteLine(M——————————— - ");

while (r.Read())

{

WriteLine('] {0,5} | {1.,-35} | {2.8:C} |",
r.GetInt32(*"Productld™),
r_GetString(''ProductName™),
r_GetDecimal ("UnitPrice™));

}

WriteLine("'————————————— - ;
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Mishi Kobe Niku
Carnarvon Tigers
Sir Rodney"s Marmalade
Thiringer Rostbratwurst

Cote de Blaye
Manjimup Dried Apples
Raclette Courdavault

Working with ADO.NET asynchronously

You can improve the responsiveness of data access code by making it asynchronous. You will see more
details of how asynchronous operations work in Chapter 4, Benchmarking Performance, Multitasking,
and Concurrency. For now, just enter the code as instructed.

Lets see how to change the statements to work asynchronously:

1.

In Program.cs, change the statement to open the connection to make it asynchronous, as
shown in the following code:

await connection.OpenAsync();

In Program.cs, change the statement to execute the command to make it asynchronous, as
shown in the following code:

SqlDataReader r = await cmd.ExecuteReaderAsync();

In Program.cs, change the statements to read the next row and get the eld values to make
them asynchronous, as shown in the following code:

while (await r.ReadAsync())
{
WriteLine('| {0,5} | {1,-35} | {2.,8:C} |",
await r.GetFieldvValueAsync<int>("Productld™),
await r.GetFieldvalueAsync<string>("ProductName™),
await r.GetFieldValueAsync<decimal>("UnitPrice™));

}

In Program.cs, change the statements to close the data reader and connection to make them
asynchronous, as shown in the following code:

await r.CloseAsync();
await connection.CloseAsync();

Run the console app and con rm that it has the same results as before, but it would run better
in a multithreaded system, for example, not blocking the user interface in a GUI app, and not
blocking 10 threads in a website.
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Executing stored procedures using ADO.NET

If you need to execute the same query or another SQL statement multiple times, it is best to create a
stored procedure, o en with parameters, so that it can be precompiled and optimized. Parameters
have a direction to indicate if they are inputs, outputs, or return values.

Lets see an example that uses all three types of direction:

In your preferred database tool, connect to the Northwind database.

2. Inyour preferred database tool, add a new stored procedure. For example, if you are using
SQL Server Management Studio, then right-click Stored Procedures and select Add New Stored
Procedure.

3. Modify the SQL statements to de ne a stored procedure named GetExpensiveProducts with
two parameters, an input parameter for the minimum unit price and an output parameter for
the row count of matching products, as shown in the following code:

CREATE PROCEDURE [dbo].[GetExpensiveProducts]
@price money,
@count int OUT
AS
SELECT @count = COUNT(*)
FROM Products
WHERE UnitPrice > @price

SELECT *
FROM Products
WHERE UnitPrice > @price

RETURN O

/ The stored procedure uses two SELECT statements. The rst sets the @count out-
\/L’; put parameter to a count of the matching product rows. The second returns the
matching product rows.

4. Right-click in the SQL statements and select Execute.
Right-click Stored Procedures and select Refresh.

Expand GetExpensiveProducts and note the input and output parameters, as shown in Visual
Studios Server Explorer in Figure 2.12:
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10. Run the console app and note the results if the price entered is 60, as shown in the following
output:

Enter a unit price: 60
Execute command using:
1 - Text
2 - Stored Procedure

Press a key: 2

Mishi Kobe Niku

Carnarvon Tigers

Sir Rodney®"s Marmalade

Thiringer Rostbratwurst £123.79
Cote de Blaye £263.50

Output count: 5
Return value: 0
State change from Open to Closed.

Managing data with EF Core

EF Core is an object-relational mapper (ORM) that uses ADO.NET underneath when working with
SQL Server. Because it is a higher-level technology, itisnotase cientas using ADO.NET directly but
it can be easier.

EF Core 7 targets .NET 6 so it can be used with both the Long Term Support (LTS) release of .NET 6
and the Standard Term Support (STS) release of .NET 7.

Understanding Entity Framework Core
As well as traditional RDBMSes like SQL Server, EF Core supports modern cloud-based, nonrelational,
schema-less data stores, such as Azure Cosmos DB and MongoDB, sometimes with third-party providers.

There are two approaches to working with EF Core:

Database First: A database already exists, so you build a model that matches its structure and
features.

Code First: No database exists, so you build a model and then use EF Core to create a database
that matches its structure and features.

We will use EF Core with an existing database.
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Scaffolding models using an existing database

Sca olding is the process of using a tool to create classes that represent the model of an existing
database using reverse engineering. A good sca olding tool allows you to extend the automatically
generated classes and then regenerate those classes without losing your extended classes.

If you know that you will never regenerate the classes using the tool, then feel free to change the code
for the automatically generated classes as much as you want. The code generated by the tool is just
the best approximation.

L

',@\' Good Practice: Do not be afraid to overrule a tool when you know better.

7/

Setting up the dotnet-ef tool

.NET has a command-line tool named dotnet. It can be extended with capabilities useful for working
with EF Core. It can perform design-time tasks like creating and applying migrations from an older
model to a newer model and generating code for a model from an existing database.

The dotnet-ef command-line tool is not automatically installed. You must install this package as
either a global or local tool. If you have already installed an older version of the tool, then you should
uninstall any existing version:

1. Atacommand prompt or terminal, check if you have already installed dotnet-ef as a global
tool, as shown in the following command:

dotnet tool list --global

2. Checkinthe list if an older version of the tool has been installed, like the one for .NET 5.0, as
shown in the following output:

Package Id Version Commands

3. Ifanoldversionis already installed, then uninstall the tool, as shown in the following command:

dotnet tool uninstall --global dotnet-ef

4. Install the latest version, as shown in the following command:

dotnet tool install --global dotnet-ef --version 7.0.0

5. If necessary, follow any OS-speci c instructions to add the dotnet tools directory to your
PATH environment variable, as described in the output of installing the dotnet-ef tool.
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Defining EF Core models

EF Core uses a combination of conventions, annotation attributes, and Fluent API statements to build
an entity model at runtime so that any actions performed on the classes can later be automatically
translated into actions performed on the actual database. An entity class represents the structure of
atable, and an instance of the class represents a row in that table.

First, we will review the three ways to de ne a model, with code examples, and then we will create
some classes that implement those techniques.

Using EF Core conventions to define the model
The code we will write will use the following conventions:

The name of a table is assumed to match the name of a DbSet<T> property in the DbContext
class, for example, Products.

The names of the columns are assumed to match the names of properties in the entity model
class, for example, Productld.

The string .NET type is assumed to be a nvarchar type in the database.
The int .NET type is assumed to be an int type in the database.

The primary key is assumed to be a property that is named 1d or 1D, or when the entity model
class is named Product, then the property can be named Productld or ProductlID. If this prop-
erty is of an integer type or the Guid type, then it is also assumed to be an IDENTITY column
(a column type that automatically assigns a value when inserting).

N Good Practice: There are many other conventions that you should know, and you can even
‘,@\' de neyour own, but that is beyond the scope of this book. You can read about them at the
= following link: https://docs._microsoft.com/en-us/ef/core/modeling/.

Using EF Core annotation attributes to define the model

Conventions o en arentenough to completely map the classes to the database objects. A simple way
of adding more smarts to your model is to apply annotation attributes.

Some common attributes are shown in the following table:

Attribute Description
[Required] Ensures the value is not null.

Ensures the value is up to 50 characters
in length.

[StringLength(50)]

Ensures the value matches the speci ed
regular expression.

[Column(TypeName = *'money™, Name = Speci es the column type and column
"UnitPrice™)] name used in the table.

[RegularExpression(expression)]
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When there isnt an obvious map between .NET types and database types, an attribute can be used.

For example, in the database, the column type of UnitPrice for the Products table ismoney. .NET does
not have a money type, so it should use decimal instead, as shown in the following code:

[Column(TypeName = "money*)]
public decimal? UnitPrice { get; set; }

Another example is for the Categories table, as shown in the following DDL code:

CREATE TABLE Categories (
Categoryld INTEGER PRIMARY KEY,
CategoryName NVARCHAR (15) NOT NULL,
Description "NTEXT",
Picture " IMAGE™

)

The Description column can be longer than the maximum 8,000 characters that can be stored in a
nvarchar variable, so it needs to map to ntext instead, as shown in the following code:

[Column(TypeName = "ntext™)]
public string? Description { get; set; }

Using the EF Core Fluent API to define the model

The last way that the model can be de ned is by using the Fluent API. This API can be used instead of
attributes, as well as being used in addition to them. For example, to de ne the ProductName property,
instead of decorating the property with two attributes, an equivalent Fluent API statement could be
written in the OnMode ICreating method of the database context class, as shown in the following code:

modelBui lder . Entity<Product>()
-Property(product => product.ProductName)
-IsRequired()
-HasMaxLength(40);

This keeps the entity model class simpler. You will see an example of this in the coding task below.

Understanding data seeding with the Fluent API

Another bene tofthe Fluent APl is to provide initial data to populate a database. EF Core automatically
works out what insert, update, or delete operations must be executed.

For example, if we wanted to make sure that a new database has at least one row in the Product table,
then we would call the HasData method, as shown in the following code:

modelBui lder _Entity<Product>()
-HasData(new Product
{
Productld = 1,
ProductName = *“"Chai™,
UnitPrice = 8.99M

DK
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Our model will map to an existing database that is already populated with data, so we will not need
to use this technique in our code.

Defining the Northwind database model

A Northwind class will be used to represent the database. To use EF Core, the class must inherit from
DbContext. This class understands how to communicate with databases and dynamically generate
SQL statements to query and manipulate data.

Your DbContext-derived class should have an overridden method named OnConfiguring, which will
set the database connection string.

Inside your DbContext-derived class, you mustde ne at least one property of the DbSet<T> type. These
properties represent the tables. To tell EF Core what columns each table has, the DbSet<T> properties
use generics to specify a class that represents a row in the table. That entity model class has properties
that represent its columns.

The DbContext-derived class can optionally have an overridden method named OnModelCreating.
This is where you can write Fluent API statements as an alternative to decorating your entity classes
with attributes.

1. Use your preferred code editor to add a console app project, as de ned in the following list:

Project template: Console App/console
Workspace/solution le and folder: Chapter02
Project le and folder: Northwind.Console.EFCore

2. Inthe Northwind.Console.EFCore project, treat warnings as errors, add package references
to the EF Core data provider for SQL Server, and globally and statically import the System.
Console class, as shown highlighted in the following markup:

<Project Sdk="Microsoft.NET.Sdk">

<PropertyGroup>
<OutputType>Exe</OutputType>
<TargetFramework>net7.0</TargetFramework>
<ImplicitUsings>enable</ImplicitUsings>
<Nullable>enable</Nullable>
<TreatWarningsAsErrors>true</TreatWarningsAsErrors>
</PropertyGroup>

<ltemGroup>
<PackageReference
Include="Microsoft.EntityFrameworkCore.Design"
Version="7.0.0" />
<PackageReference
Include="Microsoft.EntityFrameworkCore.SqlServer"
Version="7.0.0" />
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The DbSet<T> properties that represent tables are set to the nul1-forgiving value to
prevent static compiler analysis warnings at compile time. It has no e ect at runtime.
In the OnConfiguring method, if options have not been speci ed in the constructor,
then it defaults to using the connection string used during sca olding. It has a com-
piler warning to remind you that you should not hardcode security information in this
connection string.

In the OnMode ICreating method, the Fluent API is used to con gure the entity classes,
and then a partial method named OnModeICreatingPartial is invoked. This allows you
to implement that partial method in your own partial Northwind class to add your own
Fluent API con guration, which will not be lost if you regenerate the model classes.

10. Delete the #warning statement. We are treating warnings as errors so we cannot leave this in.

11. Close the automatically generated class les.

Querying the Northwind model

Now we can query the model:

1. In Program.cs, delete the existing statements. Add statements to create an instance of the
NorthwindDb data context class and use it to query the products table for those that cost more
than a given price, as shown in the following code:

using Microsoft.Data.SqlClient;
using Microsoft.EntityFrameworkCore;

using Northwind.Console.EFCore.Models;

SqlConnectionStringBuilder builder = new();

builder. InitialCatalog = "Northwind";
builder _MultipleActiveResultSets = true;
builder_Encrypt = true;
builder.TrustServerCertificate = true;
builder.ConnectTimeout = 10;

WriteLine("'Connect to:");

WriteLine(™ 1 - SQL Server on local machine™);
WriteLine(™ 2 - Azure SQL Database™);
WriteLine("" 3 - Azure SQL Edge™);

WriteLine();

Write("Press a key: ");

ConsoleKey key = ReadKey() -Key;
WriteLine(); WriteLine(Q);

if (key is ConsoleKey.D1 or ConsoleKey.NumPadl)

{
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Mishi Kobe Niku

Carnarvon Tigers

Sir Rodney®"s Marmalade

Thiringer Rostbratwurst £123.79
Cote de Blaye £263.50

DECLARE @ price 0 decimal(2) = 60.0;

SELECT [p]-[Productid], [p]-[ProductName], [p]-[UnitPrice]
FROM [Products] AS [p]
WHERE [p]-[UnitPrice] > @_ price_O

Provider: Microsoft.EntityFrameworkCore.SqlServer

Connection: Data Source=tcp:apps-services-net7.database.windows.
net,1433; Initial Catalog=Northwind;Persist Security Info=False;User
ID=markjprice;Password=s3cret-Ninja;Multiple Active Result
Sets=False;Encrypt=True;Trust Server Certificate=False;Connection
Timeout=10;

Your connection string will be di erent. For example, your user ID and password,

/ and if you are using a local SQL Server with Windows integrated security authentica-

\@/ tion, then itwould be Data Source=.;Initial Catalog=Northwind; Integrated

Security=True;Multiple Active Result Sets=True;Connect
Timeout=10;Encrypt=True;Trust Server Certificate=True.

Mapping inheritance hierarchies with EF Core

Imagine that you have an inheritance hierarchy for some C# classes to store information about stu-
dents and employees, both of which are types of people. All people have a name and an ID to uniquely
identify them, students have a subject they are studying, and employees have a hire date, as shown
in the following code:

public abstract class Person

{
public int Id { get; set; }
public string? Name { get; set; }

}

public class Student : Person

{
public string? Subject { get; set; }

}
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public class Employee : Person

{
public DateTime HireDate { get; set; }

}

By default, EF Core will map these to a single table using the table-per-hierarchy (TPH) mapping
strategy. EF Core 5 introduced support for the table-per-type (TPT) mapping strategy. EF Core 7 intro-
duces support for the table-per-concrete-type (TPC) mapping strategy. Lets explore the di erences
between these mapping strategies.

Table-per-hierarchy (TPH) mapping strategy

For the Person-Student-Employee hierarchy, TPH will use a single table structure with a discriminator
column to indicate which type of person, a student or employee, the row is, as shown in the following
code:

CREATE TABLE [People] (
[1d] int NOT NULL IDENTITY,
[Name] nvarchar(max) NOT NULL,
[Discriminator] nvarchar(max) NOT NULL,
[Subject] nvarchar(max) NULL,
[HireDate] nvarchar(max) NULL,
CONSTRAINT [PK_People] PRIMARY KEY ([I1d])

);
Some data in the table might look like the following:
Id Name Discriminator Subject HireDate
1 Roman Roy Student History NULL
2 Kendall Roy Employee NULL 02/04/2014
3 Siobhan Roy Employee NULL 12/09/2020

TPH requires the Discriminator column to store the class name of the type for each row. TPH requires
the columns for properties of derived types to be nullable, like Subject and HireDate. This can cause
an issue if those properties are required (non-null) at the class level. EF Core does not handle this by
default.

The main bene ts of the TPH mapping strategy are simplicity and performance, which is why it is
used by default.

Good Practice: If the discriminator column has many di erent values, then you can im-
_‘@’ prove performance even more by de ning an index on the discriminator. But if there
g are only a few di erent values, an index may make overall performance worse because
ita ects updating time.
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Table-per-type (TPT) mapping strategy
For the Person-Student-Employee hierarchy, TPT will use a table for every type, as shown in the
following code:

CREATE TABLE [People] (

[1d] int NOT NULL IDENTITY,

[Name] nvarchar(max) NOT NULL,
CONSTRAINT [PK_People] PRIMARY KEY ([Id])

);

CREATE TABLE [Students] (
[1d] int NOT NULL,
[Subject] nvarchar(max) NULL,
CONSTRAINT [PK_Students] PRIMARY KEY ([I1d])
CONSTRAINT [FK_Students_People] FOREIGN KEY ([1d]) REFERENCES [People] ([I1d])

CREATE TABLE [Employees] (

[1d] int NOT NULL,

[HireDate] nvarchar(max) NULL,

CONSTRAINT [PK_Employees] PRIMARY KEY ([1d])

CONSTRAINT [FK_Employees_People] FOREIGN KEY ([I1d]) REFERENCES [People]
(b
);

Some data in the tables might look like the following.

People table:

Id Name
1 Roman Roy
2 Kendall Roy
3 Siobhan Roy
Students table:
Id Subject
1 History

Employees table:

Id HireDate
2 02/04/2014
3 12/09/2020
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The main bene tof the TPT mapping strategy is reduced storage due to the full normalization of the
data. The main disadvantage is that a single entity is spread over multiple tables and reconstructing
it takes more e ortand therefore reduces overall performance. TPT is usually a poor choice, so only
use it if the table structure is already normalized and cannot be restructured.

Table-per-concrete-type (TPC) mapping strategy

For the Person-Student-Employee hierarchy, TPC will use a table for each non-abstract type, as shown
in the following code:

CREATE TABLE [Students] (
[1d] int NOT NULL DEFAULT (NEXT VALUE FOR [Personlds]),
[Name] nvarchar(max) NOT NULL,
[Subject] nvarchar(max) NULL,
CONSTRAINT [PK_Students] PRIMARY KEY ([Id])
CONSTRAINT [FK_Students_People] FOREIGN KEY ([1d]) REFERENCES [People] ([1d])

DE

CREATE TABLE [Employees] (

[1d] int NOT NULL DEFAULT (NEXT VALUE FOR [Personlds]),

[Name] nvarchar(max) NOT NULL,

[HireDate] nvarchar(max) NULL,

CONSTRAINT [PK_Employees] PRIMARY KEY ([1d])

CONSTRAINT [FK_Employees People] FOREIGN KEY ([1d]) REFERENCES [People]
(dD
);

/ Since there is not a single table with an IDENTITY column to assign Id values, we can use
\/;ﬂ> the (NEXT VALUE FOR [Personlds]) command to de ne a sequence shared between
the two tables so they do not assign the same 1d values.

Some data in the tables might look like the following.

Students table:

Id Name Subject
1 Roman Roy History
Employees table:
Id Name HireDate
2 Kendall Roy 02/04/2014
3 Siobhan Roy 12/09/2020
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The main bene t of the TPC mapping strategy is performance, because when querying a single con-
crete type only one table is needed so we avoid expensive joins. It works best for large inheritance
hierarchies of many concrete types, each with many type-speci c properties.

Configuring inheritance hierarchy mapping strategies
First, all types must be included in the model, as shown in the following code:

public DbSet<Person> People { get; set; }
public DbSet<Student> Students { get; set; }
public DbSet<Employee> Employees { get; set; }

For TPH, you are now nished, because it is the default! If you want to make this explicit, then in the
data context class OnMode ICreating method call the appropriate use mapping strategy method on the
base class of the hierarchy, as shown in the following code:

mode IBui lder .Entity<Person>() .UseTphMappingStrategy();
To use either of the other two mapping strategies, call the appropriate method, as shown in the fol-
lowing code:

mode IBui lder .Entity<Person>() .UseTptMappingStrategy();

mode IBui lder .Entity<Person>() .UseTpcMappingStrategy();
Next, you can optionally specify the table name to use for each entity class, as shown in the following
code:

modelBui lder.Entity<Student>().ToTable('Students™);

mode lBui lder.Entity<Employee>().ToTable("Employees™);
The TPC strategy should have a shared sequence, so we should con gure that too, as shown in the
following code:

mode I1Bui Ider .HasSequence<int>("'Personlds™);

modelBui lder _Entity<Person>() .UseTpcMappingStrategy()
-Property(e => e.ld).HasDefaultvValueSql (""NEXT VALUE FOR [Personlds]™);

Example of hierarchy mapping strategies
Now let s see this in action:

1. Use your preferred code editor to add a console app project, as de ned in the following list:

Project template: Console App/console
Workspace/solution le and folder: Chapter02
Project le and folder: Northwind.Console._HierarchyMapping
2. Inthe Northwind.Console.HierarchyMapping project, treat warnings as errors, add package

references to the EF Core data provider for SQL Server, and globally and statically import the
System.Console class, as shown highlighted in the following markup:



100 Managing Relational Data Using SQL Server

18. Inyour preferred database tool, view the contents of the tables, as shown in Figure 2.15:

® fle Edit View Git Project Buld  Debu 50U Test  Apal ools  Extensions  Window  Help | Search (Cul . P Chapter0? = (] *®
i 9
® - -8 = = | Debug ~||MNorthwind.Conscle Hierarchybagy - | I Northwind Console =Bt 1£ Live Share &) m
Server Explorer dboStudents [Data] + X -
=l [ (v | |
U el E U [ 7 [ % | Macrows 1000 e U [%] 7 | % | maxRons: [1000 Jlee
4 (7 Data Connections - id Name Subject i Name HireDate
4 L deskiop-jTpghe?.HierarchyMoppingdbo | BRI Roman Roy History » B Kendall Roy ~ 02/04/2014 00:00:00
« B {Ebiss NULL NULL NULL 3 Siobhan Roy 12/09/2020 00:00:00
2 E,{:E e NULL NULL
B Mame
E HireDate
4 BB students
2id
B Mame
B Subject M < Connection... |. | DESKTOP-JIPQHRTvmarkj | HierarchyMapging & Connection... |, | DESKTOP-HPQHRT\markj | HierarchyMapping

T Add to Source Contral ~ [ Salect Repasitory =

Figure 2.15: The tables when using the TPC mapping strategy

19. Close the connection to the HierarchyMapping database.

Building a reusable entity data model

Practical applications usually need to work with data in a relational database or another data store.
Earlier in this chapter, we de ned EF Core models in the same console app project that we used them
in. Now, we will de ne an entity data model for the Northwind database as a pair of reusable class
libraries. One part of the pair will de ne the entities like Product and Customer. The second part of
the pair will de ne the tables in the database, default con guration for how to connect to the database,
and use uent API to con gure additional options for the model. This pair of class libraries will be
used in many of the apps and services that you create in subsequent chapters.

N Good Practice: You should create a separate class library project for your entity data
',@\' models. This allows easier sharing between backend web servers and frontend desktop,
mobile, and Blazor WebAssembly clients.

'

Creating a class library for entity models using SQL Server
You will now create the entity models using the dotnet-ef tool:

1. Add anew project, as de ned in the following list:

Project template: Class Library/classlib
Project le and folder: Northwind.Common.EntityModels.SglServer
Workspace/solution le and folder: Chapter02

2. IntheNorthwind.Common.EntityModels.SqglServer project, treat warnings as errors, and add

package references for the SQL Server database provider and EF Core design-time support, as
shown highlighted in the following markup:

<Project Sdk="Microsoft.NET.Sdk">



102 Managing Relational Data Using SQL Server

To use data annotations as well as the Fluent API: --data-annotations

Note that 28 classes were generated, from AlphabeticalListOfProduct.cs to Territory.cs.

8. In Customer.cs, the dotnet-ef tool correctly identi ed that the Customerld column is the
primary key and it is limited to a maximum of ve characters, but we also want the values to
always be uppercase. So, add a regular expression to validate its primary key value to only
allow uppercase Western characters, as shown highlighted in the following code:

[Key]

[StringLength(5)]
[RegularExpression("[A-Z]{5}')]

public string Customerld { get; set; } = null!;

Creating a class library for the data context using SQL Server
Next, you will move the context model that represents the database to a separate class library:

1. Add anew project, as de ned in the following list:

Project template: Class Library/classlib
Project le and folder: Northwind.Common.DataContext.SqlServer
Workspace/solution le and folder: Chapter02

In Visual Studio Code, select Northwind.Common.DataContext.SqlServer as the active
OmniSharp project.

2. Inthe DataContext project, treat warnings as errors, add a project reference to the EntityModels
project, and add a package reference to the EF Core data provider for SQL Server, as shown
highlighted in the following markup:

<Project Sdk="Microsoft.NET.Sdk">

<PropertyGroup>
<TargetFramework>net7.0</TargetFramework>
<ImplicitUsings>enable</ImplicitUsings>
<Nullable>enable</Nullable>
<TreatWarningsAsErrors>true</TreatWarningsAsErrors>
</PropertyGroup>

<ltemGroup>
<PackageReference
Include="Microsoft.EntityFrameworkCore.SqlServer" Version="7.0.0"
/>
</ltemGroup>

<ltemGroup>
<ProjectReference Include="..\Northwind.Common.EntityModels
-SqlServer\Northwind.Common.EntityModels.SqlServer.csproj™ />
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options.LogTo(Console._WriteLine,
new[] { Microsoft.EntityFrameworkCore
.Diagnostics.RelationalEventld.CommandExecuting });

s

return services;

}
}

8. Build the two class libraries and x any compiler errors.

Good Practice: We have provided an optional argument for the

_\@’_ AddNorthwindContext method so that we can override the SQL Server database

N connection string. This will allow us more exibility, for example, to load these
values from a con guration le.

4

Calculated properties on entity creation

EF Core 7 adds an IMaterializationlnterceptor interface that allows interception before anda er
an entity is created, and when properties are initialized. This is useful for calculated values.

For example, when a service or client app requests entities to show to the user, it might want to cache
a copy of the entity for a period of time. To do this, it needs to know when the entity was last refreshed.
It would be useful if this information was automatically generated and stored with each entity.

To achieve this goal, we must complete four steps:

First, de ne an interface with the extra property.
Next, at least one entity model class must implement the interface.
Then, de ne a class that implements the interceptor interface with a method named
InitializedInstance that will execute on any entity, and if that entity implements the cus-
tom interface with the extra property, then it will set its value.

4. Finally, we must create an instance of the interceptor and register it in the data context class.

Now lets implement this for Northwind Employee entities:

1. In the Northwind.Common.EntityModels.SqlServer project, add a new le named
IHasLastRefreshed.cs, and modify its contents to de ne the interface, as shown in the fol-

lowing code:

namespace Packt.Shared;

public interface IHasLastRefreshed

{
DateTimeOffset LastRefreshed { get; set; }

}
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}
optionsBuilder.AddInterceptors(setLastRefreshedlInterceptor);

}

}

5. Save changes.

Creating a test project to check the integration of the class
libraries

Since we will not be creating a client project in this chapter that uses the EF Core model, we should
create a test project to make sure the database context and entity models integrate correctly:

1. Use your preferred coding tool to add a new xUnit Test Project [C#]/xunit project named
Northwind.Common.EntityModels.Tests to the Chapter02 workspace/solution.

2. InNorthwind.Common.EntityModels.Tests.csproj, modify the con guration to treat warn-
ings as errors and to add an item group with a project reference to the Northwind.Common.
DataContext.SqglServer project, as shown in the following markup:

<ltemGroup>
<ProjectReference Include="__\Northwind.Common.DataContext

.SglServer\Northwind.Common.DataContext.SqlServer.csproj' />
</I1temGroup>

\Il

_@_ Warning! The path to the project reference should not have a line break in your
g project le.

3. Build the Northwind.Common .EntityModels.Tests project.

Writing unit tests for entity models
A well-written unit test will have three parts:

Arrange: This part will declare and instantiate variables for input and output.

Act: This part will execute the unit that you are testing. In our case, that means calling the
method that we want to test.

Assert: This part will make one or more assertions about the output. An assertion is a belief

that, if not true, indicates a failed test. For example, when adding 2 and 2, we would expect
the result to be 4.

Now, we will write some unit tests for the NorthwindContext and entity model classes:

1. Renamethe leUnitTestl.cs to NorthwindEntityModelsTests.cs and then open it.



Managing Relational Data Using SQL Server

108
[Fact]
public void EmployeeHasLastRefreshedIn10sWindow()
{
using (NorthwindContext db = new())
{

Employee employeel = db.Employees.Single(p => p.Employeeld == 1);

DateTimeOffset now = DateTimeOffset.UtcNow;

Assert. InRange(actual : employeel.lLastRefreshed,
low: now.Subtract(TimeSpan.FromSeconds(5)),
high: now.AddSeconds(5));

Running unit tests using Visual Studio 2022

Now we are ready to run the unit tests and see the results:

1. InVisual Studio 2022, navigate to Test | Run All Tests.
2. In Test Explorer, note that the results indicate that some tests ran, and all passed.

Running unit tests using Visual Studio Code

Now we are ready to run the unit tests and see the results:

1. In Visual Studio Code, in the Northwind.Common.EntityModels.Tests projects TERMINAL
window, run the tests, as shown in the following command:

dotnet test

2. Inthe output, note that the results indicate that some tests ran, and all passed.

\/V' As an optional task, can you think of other tests you could write to make sure the
database context and entity models are correct?

Cleaning up data resources

When you are done with a SQL Server database, you can clean up the resources used.

Removing Azure resources
You can now remove the resources used by SQL Database to save costs:
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\

]
_@’_ Warning! If you do not remove the resources used by an Azure SQL Database, then you
EA will incur costs.

1. Inthe Azure portal, nd the resource group named apps-services-net7.
2. Click Delete.

3. Enter the name of the resource group.

4. Click Delete.

Removing Docker resources
You could now remove the resources used by Docker, but many of the other chapters in this book will
need to connect to a Northwind database in SQL Server.

If you have completed all the chapters in the book, or plan to use full SQL Server or Azure SQL Data-
base, and now want to remove all the Docker resources, then follow these steps:

1. At the command prompt or terminal, stop the azuresqledge container, as shown in the fol-
lowing command:

docker stop azuresqgledge

2. At the command prompt or terminal, remove the azuresqledge container, as shown in the
following command:

docker rm azuresgledge

\/V; Removing the container will delete all data inside it.

3. At the command prompt or terminal, remove the azure-sgl-edge image to release its disk
space, as shown in the following command:

docker rmi mcr.microsoft.com/azure-sql-edge

Practicing and exploring

Test your knowledge and understanding by answering some questions, getting some hands-on practice,
and exploring this chapter s topics with deeper research.
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Exercise 2.1 — Test your knowledge
Answer the following questions:

1. Which NuGet package should you reference in a .NET project to get the best performance
when working with data in SQL Server?

What is the safest way to de ne a database connection string for SQL Server?
What must T-SQL parameters and variables be pre xed with?

4. What must you do before reading an output parameter of a command executed using
ExecuteReader?

5. What can the dotnet-ef tool be used for?

What type would you use for the property that represents a table, for example, the Products
property of a data context?

7. What type would you use for the property that represents a one-to-many relationship, for
example, the Products property of a Category entity?

8. What is the EF Core convention for primary keys?
Why might you choose the Fluent API in preference to annotation attributes?
10. Why might you implement the IMaterializationlnterceptor interface in an entity type?

Exercise 2.2 — Practice benchmarking ADO.NET against EF
Core

In the Chapter02 solution/workspace, create a console app named Ch02Ex02_ADONETvsEFCore that
uses Benchmark.NET to compare retrieving all the products from the Northwind database using
ADO.NET (SglClient) and using EF Core.

\/V' You can learn how to use Benchmark.NET by reading Chapter 4, Benchmarking Performance,
Multitasking, and Concurrency.

Exercise 2.3 — Explore topics
Use the links on the following page to learn more details about the topics covered in this chapter:

https://github.com/markjprice/apps-services-net7/blob/main/book-links.md#chapter-2---
managing-relational-data-using-sql-server

Exercise 2.4 — Explore Dapper
Dapper is an alternative ORM to EF Core. It is more e cient because it extends the low-level

ADO.NET IDbConnection interface with very basic functionality.

In the Northwind.Console.SqlClient project, add a package reference for Dapper, and then add a
class to represent a supplier, as shown in the following code:
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public class Supplier

{
public int Supplierld { get; set; }
public string? CompanyName { get; set; }
public string? City { get; set; }
public string? Country { get; set; }

}

In Program.cs, add statements to retrieve Supplier entities in Germany, as shown in the following code:

IEnumerable<Supplier> suppliers = connection.Query<Supplier>(
sql: "SELECT * FROM Suppliers WHERE Country=@Country",
param: new { Country = “Germany" });

foreach (Supplier supplier in suppliers)

{

WriteLine("{0}: {1}, {2}, {3}",
supplier.Supplierld, supplier.CompanyName,
supplier.City, supplier.Country);

}

You can learn more about Dapper at the following link:

https://github.com/DapperLib/Dapper/blob/main/Readme.md

\/‘/‘ I am considering adding a section about Dapper to the next edition of this book. Please
let me know if this if something that | should prioritize. Thanks!

Summary

In this chapter, you learned:

How to connect to an existing SQL Server database.
How to execute a simple query and process the results using fast and low-level ADO.NET.

How to execute a simple query and process the results using the slower but more object-ori-
ented EF Core.

How to con gure and decide between three mapping strategies for type hierarchies.
How to implement calculated properties on entity creation.

In the next chapter, you will learn how to use cloud-native data storage with Azure Cosmos DB.



Managing NoSQL Data Using
Azure Cosmos DB

This chapter is about managing NoSQL data by using Azure Cosmos DB. You will learn some of the
key concepts about Cosmos DB like its APIs, ways to model your data, and throughput provisioning,
which in uences costs. You will create some Cosmos DB resources using the local emulator and in the
Azure cloud. Then you will learn how to work with more traditional data using Core (SQL) API. Finally,
you will learn how to work with graph data using Gremlin API (online section).

This chapter will cover the following topics:

Understanding NoSQL databases

Creating Cosmos DB resources

Manipulating data with Core (SQL) API

Manipulating graph data with Gremlin API (online section)
Cleaning up Azure resources

Understanding NoSQL databases

Two of the most common places to store data are in a Relational Database Management System
(RDBMS) such as SQL Server, PostgreSQL, MySQL, and SQL.ite, or in a NoSQL database such as Azure
Cosmos DB, Redis, MongoDB, and Apache Cassandra.

Relational databases were invented in the 1970s. They are queried with Structured Query Language
(SQL). At the time, data storage costs were high, so relational databases were designed to reduce data
duplication as much as possible. Data is stored in tabular structures with rows and columns that are
tricky to refactor once in production. They can be di cult and expensive to scale.

NoSQL does not just mean no SQL ; it can also mean notonly SQL . NoSQL databases were invented
in the 2000s, a er the internet and the web had become popular and adopted many of the learnings
from that era of so ware.
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They are designed for massive scalability, high performance, and to make programming easier by
providing maximum exibility and allowing schema changes at any time because they do not enforce
astructure.

Cosmos DB and its APIs

Azure Cosmos DB is a NoSQL data store that supports multiple APIs. Its native API is SQL-based. It
also supports alternative APIs like MongoDB, Cassandra, and Gremlin.

Azure Cosmos DB stores data in atom-record-sequence (ARS) format. You interact with this data via
an API that you choose when you create the database:

The API for MongoDB supports the MongoDB wire protocol versions 3.2, 3.6, 4.0, and 4.2, which

allow existing clients to work with the data as if they are interacting with an actual MongoDB

database. Tools like mongodump and mongorestore can be used to move any existing data into

Azure Cosmos DB. You can nd the latest MongoDB support at the following link: https://
docs.microsoft.com/en-us/azure/cosmos-db/mongodb/mongodb-introduction#how-the-
api-works.

The API for Cassandra supports the Cassandra Query Language (CQL) wire protocol version

4, which allows existing clients to work with the data as if they are interacting with an actual

Cassandra database.

For a new project, sometimes known asa green eld project, Microso recommends Core

(SQL) API.

For existing projects that use alternative APlIs like Azure Table, you could choose to use the

appropriate API so that your clients and tools do not need to be updated while gaining the

bene ts of data stored in Azure Cosmos DB. This reduces migration costs.

If the relationships between data items have metadata that needs analyzing, then using Gremlin
API for Cosmos DB to treat Cosmos DB as a graph data store is a good choice.

|
_‘@’_ Good Practice: If you are unsure which API to choose, select Core (SQL) as the

N

g default.

In this book, we will rst use the native Core (SQL) APl for Cosmos DB. This allows the developer to
guery JSON documents using a language like SQL. Core (SQL) API uses JSON s type system and Javas-
cripts function system.

Later in this chapter, we will use the Azure Cosmos DB graph API, which uses the Gremlin API.

Document modeling

Atypical JSON document representing a product from the Northwind database, the example database
that we used in Chapter 2, Managing Relational Data Using SQL Server, when stored in Azure Cosmos
DB might look like the following:
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The related data needs infrequent updates.
The related data o en or always needs to be included in query results.

|
_‘@’_ Good Practice: Denormalized data models provide better read performance but

g worse write performance.

Imagine that you want to model an article and its comments on a popular news website. The comments
are unbounded and for an engaging article would frequently be added to, especially during the hours
ordaysa eritispublished while it is topical news. Or imagine an investor with stock they trade. The
current price of that stock would be frequently updated.

In these scenarios, you would want to normalize the related data either wholly or partially. For ex-
ample, you could choose to embed the most liked comments that will be shown at the top of the list
directly under the article. Other comments could be stored separately and referenced using their
primary keys. You could choose to embed stock information for long-term investments that are held
for many years, like the price the investment was purchased at and the price at on the rst day of
each month since then (but not the current live price), but reference stock information for short-term
investments for day trading.

Use referencing (normalized data) when:

The relationships are one-to-many or many-to-many and unbounded.
The related data needs frequent updates.

]
_\@’_ Good Practice: Normalized data models require more queries, which worsens read per-
g formance but provides better write performance.

\/‘/‘ You can read more about modeling documents in Azure Cosmos DB at the following link:
https://docs.microsoft.com/en-us/azure/cosmos-db/sql/model ing-data.

Consistency levels

Azure Cosmos DB is distributed globally and scales elastically. It relies on replication to provide low
latency and high availability all over the world. To achieve this, you must accept and choose tradeo s.

To ease the life of a programmer, you want total consistency of data. If data is modi ed anywhere in
the world, then any subsequent read operation should see that change. The best consistency is known
as linearizability. Linearizability increases the latency of write operations and reduces the availability
of read operations because Azure Cosmos DB must wait for replication to occur globally.
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A more relaxed consistency level improves latency and availability at the cost of potentially increased
complexity for the programmer because data might be inconsistent.

Most NoSQL databases only o er two levels of consistency: strong and eventual. Azure Cosmos DB
o ers ve to provide exactly the level of consistency that suits your project.

You choose the level of data consistency, and this will be guaranteed by the Service Level Agreement
(SLA), as shown in the following list, ordered from the strongest to the weakest:

Strong consistency guarantees linearizability across all regions globally. All other consistency
levels are collectively known as relaxed .

Bounded staleness consistency guarantees the ability to read your own write within the write
region, monotonic read within the region, and consistent pre X, and the staleness of read data
is restricted to aspeci ¢ number of versions for which the reads lag behind the writes within
aspeci edtime interval. For example, the time interval might be ten minutes and the number
of versions might be three. That would mean that a maximum of three writes can be made in
any ten-minute period before a read operation must re ect those changes.

Session consistency guarantees the ability to read your own write within the write region,
monotonic read, and consistent pre x.

Consistent pre x consistency only guarantees the order that writes can then be read.
Eventual consistency does not guarantee that the order of writes will match the order of reads.
When writes pause, reads will eventually catch up as the replicas synchronize. It is possible
for a client to read values older than the ones it read before. Probabilistic Bounded Staleness
(PBS) is a measurement that shows how eventual your consistency is currently. You can mon-
itor it in the Azure portal.

\/V' You can read more details about consistency levels at the following link: https://
docs.microsoft.com/en-us/azure/cosmos-db/consistency-levels.

Hierarchy of components
The hierarchy of components for Azure Cosmos DB are:

Account: You can create up to 50 accounts via the Azure portal.

Database: You can have an unlimited number of databases per account. We will create a da-
tabase named Northwind.

Container: You can have an unlimited number of containers per database. We will create a
container named Products.

Partition: These are created and managed automatically within a container, and you can have
an unlimited number. Partitions are either logical or physical. A logical partition contains items
with the same partition key and de nes the scope for transactions. Multiple logical partitions
are mapped to a physical partition. Small containers may only need one physical partition.
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You should not concern yourself with physical partitions since you have no control over them.
Focus on deciding what your partition key should be, because that de nes the items stored
in a logical partition.

Item: A stored entity in a container. We will add items that represent each product, like chai tea.

Item is a deliberately generic term and is used by Core (SQL) API to refer to a JSON document, but
can also be used for the other APIs. The other APls also have their own more speci ¢ terms:

Cassandra uses row.
MongoDB uses document.
Graph databases like Gremlin use vertex and edge.

Throughput provisioning
Throughput is measured as request units per second (RU/s). A single request unit (RU) is the cost
of performing a GET request for a 1KB document using its unique identi er. Creating, updating, and

deleting cost more RUs; for example, a query might cost 46.54 RUs, or a delete operation might cost
14.23 RUs.

Throughput must be provisioned in advance, although you can scale up and down at any time in
increments or decrements of 100 RU/s. You will be billed per hour.

, You can discover how much a request costs in RUs by getting the RequestCharge property.
\/;n> You can learn more at the following link: https://docs.microsoft.com/en-us/azure/
cosmos-db/sql/find-request-unit-charge.

You must provision throughput to run CRUD operations (reads, writes, updates, and deletes). You must
estimate throughput by calculating the number of operations you Il need to support throughout the
year. For example, acommerce website might need to expect much greater throughput at Thanksgiving
in the US or Singles Day in China.

Most throughput settings are applied at the container level, or you can do so at the database level and
have the settings shared across all containers. Throughput is distributed equally among partitions.

Once provisioned throughput is exhausted, Cosmos DB will start rate limiting access requests, and
your code will have to wait and retry later. Luckily, we will use the .NET SDK for Cosmos DB, which
automatically reads the retry-after response header and retries a er that time limit.

Using the Azure portal, you can provision between 400 RU/s and 250,000 RU/s. At the time of writing,
the 400 RU/s minimum would cost about US$35 per month. You would then also need to add the cost
of storage depending on how many GBs you want to store, for example, US$5 for a few GBs.

\/‘/‘ The free tier of Cosmos DB allows up to 1,000 RU/s and 25 GB of storage. You can use a
calculator at the following link: https://cosmos.azure.com/capacitycalculator/.
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Factors thata ect RUs:

Item size: A 2KB document costs twice as much as a 1KB document.

Indexed properties: Indexing all item properties costs more than indexing a subset of prop-
erties.

Consistency: Strict consistency costs twice as many RUs as looser consistency.

Query complexity: The number of predicates (where Iters), the number of results, the number
of custom functions, projections, the size of the dataset, and so on, all increase the cost in RUs.

Partition strategies

A good partition strategy allows a Cosmos DB database to grow and e ciently run queries and trans-
actions. A good partition strategy is about choosing a suitable partition key. It is set for a container
and cannot be changed.

The partition key should be chosen to evenly distribute operations across the database to avoid hot
partitions, meaning a partition that handles more requests, so it is busier than other partitions.

A property that will be unique for an item and will o en be used to look up an item might be a good
choice. For example, for US citizens, a persons social security number. However, partition keys do not
have to be unique. The partition key value will be combined with an item ID to uniquely identify an item.

Partitions are automatically created by Cosmos DB when needed. There is no negative impact on your
applications and services from the automatic creation and deletion of partitions. Each partition can
grow up to a maximum of 20 GB. Cosmos DB will automatically split partitions when needed.

A container should have a partition key that possess these attributes:

High cardinality so that items are distributed evenly across partitions
Evenly distributed requests across partitions
Evenly distributed storage across partitions

Data storage design

With relational databases, the schemas are rigid and in exible. The Northwind database s products are
all food-related so the schema might not change much. But if you are building a commerce system for
a company that sells everything from clothes to electronic equipment to books, then a semi-structured
data store like the following would be better:

Clothing: Sizes like S, M L, XL; brand; color.

Shoes: Sizes like 7, 8, 9; brand; color.

Televisions: Sizes like 40 , 52 ; screen technology like OLED, LCD; brand.
Books: Number of pages; author; publisher.

Being schema-less, Azure Cosmos DB can add new types of products with di erent structure and
properties simply by adding a new product with that structure to a container.
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Migrating data to Cosmos DB

The open-source Azure Cosmos DB Data Migration tool can import data into Azure Cosmos DB from
many di erent sources, including Azure Table Storage, SQL databases, MongoDB, text les in JSON
and CSV formats, HBase, and more. The tool has both a command-line version and a GUI version.

/ We will not use this migration tool in this book, so if you think it will be useful to you, then
\/(n> you can learn how to use it at the following link: https://docs.microsoft.com/en-us/
azure/cosmos-db/import-data.

Creating Cosmos DB resources

To see Azure Cosmos DB in action, rst, we must create Cosmos DB resources. We can manually create
them in the cloud using the Azure portal or programmatically create them using the Azure Cosmos
DB .NET SDK. Azure Cosmos DB resources created in the cloud have a cost unless you use a trial or
free account.

You can also create Azure Cosmos DB resources locally using an emulator, which will cost you nothing.
At the time of writing, the Azure Cosmos DB Emulator only supports Windows. If you want to use
Linux or macQS, then you can try to use the Linux Emulator that is currently in preview, or you could
host the emulator in a Windows virtual machine.

Using an emulator on Windows to create Azure Cosmos DB
resources

Lets use the Azure Cosmos DB emulator on Windows to create Azure Cosmos DB resources like a
database and container:

1. Download and install the latest version of Azure Cosmos DB Emulator on your local Windows
computer from the following link (direct to the MSl installer le): https://aka.ms/cosmosdb-
emulator.

Make sure the Azure Cosmos DB Emulator is running.
The Azure Cosmos DB Emulator user interface should start automatically but if not, start your
favorite browser and navigate to https://localhost:8081/_explorer/index.html.

4. Note that the Azure Cosmos DB Emulator is running, hosted at localhost on port 8081, with
a Primary Key that you will need to securely connect to the service, as shown in Figure 3.1:
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21. Modify the query text to return all products supplied by Exotic Liquids, and note that all three
products are included in the array of results, as shown in Figure 3.5 and in the following query:

SELECT * FROM ¢ WHERE c.supplier.companyName = "Exotic Liquids"

o Executs Query  [S] Save Query

SOL AP

SQL AP Scale Products - e Queryl X

i Morthwind 2 SELECT * FROM ¢ WHERE c.supplier.companyMame - “Exotic Liquids®
Scale

* [ Products

Results Clsery Stats

Figure 3.5: A query to return all products supplied by Exotic Liquids

, Words are case-insensitive so WHERE is treated the same as Where or where. Prop-
\/L'; erty names are case-sensitive so CompanyName is di erent from companyName,
and will return zero results.

22. Modify the query text to return all products in category 2, as shown in the following query:

SELECT * FROM ¢ WHERE c.category.categoryld = 2

23. Execute the query and note that one product is included in the array of results.

Using the Azure portal to create Azure Cosmos DB resources

\/V' If you would prefer to only use the Azure Cosmos DB Emulator to avoid any costs, then
feel free to skip this section, or just read through it without completing the steps yourself.

Now, lets use the Azure portal to create Azure Cosmos DB resources like an account, database, and
container in the cloud:

1. Ifyou do not have an Azure account, then you can sign up for one for free at the following link:
https://azure._microsoft.com/free/.

Navigate to the Azure portal and sign in: https://portal .azure.com/.
In the Azure portal menu, click + Create a resource.
4. Inthe Create a resource page, search for or click Azure Cosmos DB.
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Figure 3.8: Azure Cosmos DB account Overview page

16. Inthe navigation onthele , click Keys, and note the URI and Primary Key needed to program-
matically work with this Azure Cosmos DB account, as shown in Figure 3.9:
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Figure 3.9: Keys to programmatically work with the Azure Cosmos DB account
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17. In the navigation on the le , click Data Explorer, and close the video popup window.

18. Inthe toolbar, click New Container.

19. Complete the steps listed in the emulator section, Using an emulator on Windows to create Azure
Cosmos DB resources, starting at step 7 and going up to the end of that section.

Using a .NET app to create Azure Cosmos DB resources

Next, we will create a console app project for creating the same Azure Cosmos DB resources in either
the local emulator or in the cloud, depending on which URI and primary key that you choose to use:

1. Use your preferred code editor to create a new solution/workspace named Chapter03.
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*

Database Id: Northwind, Status: exists.
Container Id: Products, Status: exists.
PartitionKeyPath: /productld

LastModified: 04/07/2022 11:11:31
IndexingPolicy. IndexingMode: Consistent
IndexingPolicy. IncludedPaths: /*

3. In Azure Cosmos DB Emulator or Azure portal, use Data Explorer to delete the Northwind
database. You will be prompted to enter its name to con rm deletion because this operation
cannot be undone.

Itis important to delete the Northwind database at this point. Later in this chapter,

\E/\/ you will programmatically add the 77 products from the SQL Server Northwind
database to the Cosmos DB Northwind database. If you still have the three sample
products in its Products container, then you will have issues.

4. Runthe console app and note that because we have just deleted the database, the code we have
executed has (re)created the database, as shown in the following output:

*

* Creating Cosmos resources

*

Database Id: Northwind, Status: created.
Container ld: Products, Status: created.

PartitionKeyPath: /productld
LastModified: 04/07/2022 11:11:31
IndexingPolicy. IndexingMode: Consistent
IndexingPolicy. IncludedPaths: /*

Manipulating data with Core (SQL) API

The most common API for working with data in Azure Cosmos DB is Core (SQL).

\/V' The full documentation for Core (SQL) API can be found at the following link: https://
docs.microsoft.com/en-us/azure/cosmos-db/sql/.

Performing CRUD operations with Cosmos SQL API

You can perform CRUD operations on JSON documents in Cosmos with SQL API by calling the following
most common overloads of methods on an instance of the Microsoft.Azure.Cosmos.Container class:

ReadltemAsync<T>(id, partitionKey): Where T is the item type to get, id is its unique iden-
ti er, and partitionKey is its partition key value.
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Understanding SQL queries

The following keywords and more are available when writing SQL queries for Azure Cosmos DB:

SELECT to select from item properties. Supports * for all and TOP for limiting the results to the
rst speci ¢ number of items.

AS to de ne aliases.

FROM to de ne the items to select from. Some of the previous queries used FROM c, where c
is an implied alias for the items in the container. Since a SQL query is executed within the
context of a container like Products, you can use any alias you like, so FROM Items c or FROM
p would work equally well.

WHERE tode nea lter.

LIKE to use pattern matching. % means zero, one, or more characters. _ means a single char-
acter. [a-f] or [aeiou] means a single character within the de ned range or set. [*aeiou]
means not in the range or set.

IN, BETWEEN are range and set Iters.

AND, OR, NOT for Boolean logic.

ORDER BY to sort the results.

DISTINCT to remove duplicates.

COUNT, AVG, SUM, and other aggregate functions.

To query the Products container using Core (SQL) API, you might write the following code:

SELECT p.id, p.productName, p.unitPrice FROM Items p

Lets try executing a SQL query against our product items:

1.

In Program.cs, uncomment the call to (re)create the product items and modify the call to
ListProductltems to pass a SQL query that Iters the products to only show the products in
the beverages category and only their ID, name, and unit price, as shown in the following code:

await CreateProductltems();

await ListProductltems("'SELECT p.id, p.productName, p.unitPrice FROM
Items p WHERE p.category.categoryName = "Beverages"');

Run the console app and note the results, which should be the 12 product items in the bever-
ages category, as shown in the following output:

*

* Listing product items

*

Running query: SELECT p.id, p-productName, p.unitPrice FROM Items p WHERE
p.category.categoryName = "Beverages”
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Understanding server-side programming

Azure Cosmos DB server-side programming consists of stored procedures and user de ned functions
(UDFs) written in JavaScript.

Stored procedures are the only way to ensure ACID (Atomic, Consistent, Isolated, Durable) transactions
that combine multiple discrete activities into a single action that can be committed or rolled back.
You cannot use client-side code to implement transactions. Server-side programming also provides
improved performance, since the code executes where the data is stored.

UDFs can only be called from within a query, and they implement custom business logic like calcu-
lating tax.

Lets de ne a UDF to calculate the sales tax of products:

1. Inthe Azure Cosmos DB Emulator or Azure portal Data Explorer, create a new user de ned
function (UDF), as shown in Figure 3.12:

' ‘ MNew Container F New SQL Query i;: Open Query qx‘f Mew Stored Procedure
Quickstart |
SAL API i iy 1 2% Mew Stared Procedure
Explorer n Northwind 1 SELECT AvG(p.unitPrice) as a /U, New UDF p i
Scale e e e e e
@ #. New Trigger
o D Products

ftems

Settings

Results  Query Stats
¥ Stored Procedures ’

¥ User Defined Functions

P Triggers

i = =
Figure 3.12: Creating a new UDF

For the User De ned Function Id, enter salesTax.

In the editor, enter JavaScript to de ne the salesTax function, as shown in the following code:

function salesTax(unitPrice){
return unitPrice * 0.2;

}
4. Create a new SQL query and enter SQL text to return the unit price and sales tax for products
that cost more than 100, as shown in the following query:
SELECT p.unitPrice cost, udf.salesTax(p.unitPrice) AS tax
FROM Items p WHERE p.unitPrice > 100

5. Click the Save Query button.
If you are using cloud resources instead of the emulator, then for compliance

\/V> reasons, Microso saves queries in a container in your Azure Cosmos accountina
separate database called __Cosmos . The estimated additional cost is $0.77 daily.
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6. Execute the query and note the results, as shown in the following output:

“'cost'': 123.79,
"tax": 24.758000000000003

""cost': 263.5,
"tax": 52.7

\/‘/’ Note that AS to alias a property is optional. | prefer to specify AS for improved
legibility.

Manipulating graph data with Gremlin API

This is a bonus section for the chapter that is available online at https://github.com/markjprice/
apps-services-net7/tree/main/docs/gremlin-api

Cleaning up Azure resources

When you are done with an Azure Cosmos DB account, you must clean up the resources used, or you
will incur costs for as long as those resources exist. You can delete resources individually or delete
the resource group to delete the entire set of resources. If you delete an Azure Cosmos DB account,
then all the databases and containers within it are also deleted:

In the Azure portal, navigate to All Resources.

In your apps-services-net7 resource group, click your Azure Cosmos DB account.
Click Overview, and then in the toolbar, click Delete Account.

In the Con rm the Account Name box, enter your account name.

Click the Delete button.

o & wn e

Practicing and exploring

Test your knowledge and understanding by answering some questions, getting some hands-on practice,
and exploring this chapter s topics with deeper research.

Exercise 3.1 — Test your knowledge

Answer the following questions:

1. What are the APIs supported by Azure Cosmos DB?
2. Atwhat level do you select the API: account, database, container, or partition?
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L

~

10.

What does embed mean regarding data modeling with Cosmos DB?
What is the unit of measurement for throughput for Cosmos DB and what does 1 unit represent?
What package should you reference to programmatically work with Cosmos DB resources?

What language do you use to write Cosmos DB Core (SQL) API user-de ned functions and
stored procedures?

What is the di erence between a vertex and an edge in a graph database?
What package should you reference to programmatically execute Gremlin scripts?

What Gremlin command returns all vertices that have a label of product and have a property
named unitsInStock with more than 10 units in stock?

Why do some edges have weights?

Exercise 3.2 — Practice data modeling and partitioning

Microso documentation has an extensive example of modeling and partitioning Azure Cosmos DB:

https://docs.microsoft.com/en-us/azure/cosmos-db/sql/how-to-model-partition-example

Exercise 3.3 — Explore topics
Use the links on the following page to learn more detail about the topics covered in this chapter:

https://github.com/markjprice/apps-services-net7/blob/main/book-1inks.md#chapter-3---
managing-nosql-data-using-azure-cosmos-db

Exercise 3.4 — Explore NoSQL databases

This chapter focused on Azure Cosmos DB. If you wish to learn more about NoSQL databases such as
MongoDB, and how to use them with EF Core, then | recommend the following links:

Use NoSQL databases as a persistence infrastructure: https://docs.microsoft.com/en-us/
dotnet/standard/microservices-architecture/microservice-ddd-cqrs-patterns/nosgl-
database-persistence-infrastructure

Document Database Providers for Entity Framework Core: https://github.com/
BlueshiftSoftware/EntityFrameworkCore

Exercise 3.5 — Download cheat sheets
Download query cheat sheets for the four Azure Cosmos DB APIs and review them:

https://docs._microsoft.com/en-us/azure/cosmos-db/sql/query-cheat-sheet

Exercise 3.6 — Read a Gremlin guide
To gain more experience with Gremlin graph API, you could read the following online book:

https://kelvinlawrence.net/book/Gremlin-Graph-Guide.html
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Summary

In this chapter, you learned:

How to store exibly structured data in Azure Cosmos DB.
How to use the Cosmos SQL API.

How to use the Cosmos Gremlin graph API (online section).

In the next chapter, you will use the Task type to improve the performance of your applications.



Benchmarking Performance,
Multitasking, and Concurrency

This chapter is about allowing multiple actions to occur at the same time to improve performance,
scalability, and user productivity for the applications that you build.

In this chapter, we will cover the following topics:

Understanding processes, threads, and tasks
Monitoring performance and resource usage
Running tasks asynchronously
Synchronizing access to shared resources
Understanding async and await

Understanding processes, threads, and tasks

A process, with one example being each of the console applications we have created, has resources
like memory and threads allocated to it.

A thread executes your code, statement by statement. By default, each process only has one thread,
and this can cause problems when we need to do more than one task at the same time. Threads are
also responsible for keeping track of things like the currently authenticated user and any internation-
alization rules that should be followed for the current language and region.

Windows and most other modern operating systems use preemptive multitasking, which simulates
the parallel execution of tasks. It divides the processor time among the threads, allocating a time slice
to each thread one a er another. The current thread is suspended when its time slice nishes. The
processor then allows another thread to run for a time slice.

When Windows switches from one thread to another, it saves the context of the thread and reloads the
previously saved context of the next thread in the thread queue. This takes both time and resources
to complete.
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As a developer, if you have a small number of complex pieces of work and you want complete control
over them, then you could create and manage individual Thread instances. If you have one main
thread and multiple small pieces of work that can be executed in the background, then you can use
the ThreadPool class to add delegate instances that point to those pieces of work implemented as
methods to a queue, and they will be automatically allocated to threads in the thread pool.

In this chapter, we will use the Task type to manage threads at a higher abstraction level.

Threads may have to compete for and wait for access to shared resources, such as variables, les, and
database objects. There are types for managing this that you will see in action later in this chapter.

Depending on the task, doubling the number of threads (workers) to perform a task does not halve
the number of seconds that it will take to complete that task. In fact, it can increase the duration of
the task, as shown in Figure 4.1:

Carl T. Bergstrom ©CT_Bergstrom - Dec 17
My son clearly has a better grasp on the real world than his teacher
does.

8. If 6 workers can make a car in 90 hours, how long would it take
12 workers to make the same car?

(A) 12 hours
(B) 25 hours
\ ) 30 hours

D) 45 hours
r 180 hours

Figure 4.1: A tweet about tasks in the real world

Good Practice: Never assume that more threads will improve performance! Run perfor-
mance tests on a baseline code implementation without multiple threads, and then again
g on a code implementation with multiple threads. You should also perform performance

tests in a staging environment that is as close as possible to the production environment.

\ 7/

Monitoring performance and resource usage

Before we can improve the performance of any code, we need to be able to monitor its speed and
e ciency to record a baseline that we can then measure improvements against.
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Evaluating the efficiency of types

What is the best type to use for a scenario? To answer this question, we need to carefully consider what
we mean by best, and through this, we should consider the following factors:

Functionality: This can be decided by checking whether the type provides the features you need.
Memory size: This can be decided by the number of bytes of memory the type takes up.
Performance: This can be decided by how fast the type is.

Future needs: This depends on the changes in requirements and maintainability.

There will be scenarios, such as when storing numbers, where multiple types have the same function-
ality, so we will need to consider memory and performance to make a choice.

If we need to store millions of numbers, then the best type to use would be the one that requires the
fewest bytes of memory. But if we only need to store a few numbers, yet we need to perform lots of
calculations on them, then the best type to use would be the one that runs fastest on a speci ¢ CPU.

The sizeof() function shows the number of bytes that a single instance of a type uses in memory.
When we are storing many values in more complex data structures, such as arrays and lists, then we
need a better way of measuring memory usage.

You can read lots of advice online and in books, but the only way to know for sure what the best type
would be for your code is to compare the types yourself.

In the next section, you will learn how to write code to monitor the actual memory requirements and
performance when using di erent types.

Today a short variable might be the best choice, but it might be an even better choice to use an int
variable, even though it takes twice as much space in the memory. This is because we might need a
wider range of values to be stored in the future.

As listed above, there is an important metric that developers o en forget: maintenance. This is a mea-
sure of how much e ort another programmer would have to put in to understand and modify your
code. If you make a nonobvious choice of type without explaining that choice with a helpful comment,
then it might confuse the programmer who comes along later and needsto x a bug or add a feature.

Monitoring performance and memory using diagnostics

The System.Diagnostics hamespace has lots of useful types for monitoring your code. The rst useful
type that we will look at is the Stopwatch type:

1. Useyour preferred coding tool to create a class library project, as de ned in the following list:

Project template: Class Library / classlib
Workspace/solution le and folder: Chapter04
Project le and folder: MonitoringLib
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2. Add aconsole app project, as de ned in the following list:

Project template: Console App/console
Workspace/solution le and folder: Chapter04
Project le and folder: MonitoringApp

3. Use your preferred coding tool to set which project is active:
If you are using Visual Studio 2022, set the startup project for the solution to the current

selection.
If you are using Visual Studio Code, set MonitoringApp as the active OmniSharp project.

4. IntheMonitoringLib project, rename the Classl.cs le to Recorder.cs.
In the MonitoringLib project, globally and statically import the System._Console class.
In the MonitoringApp project, globally and statically import the System.Console class and
add a project reference to the MonitoringLib class library, as shown in the following markup:
<ltemGroup>

<Using Include="System.Console" Static="true" />
</1temGroup>

<ltemGroup>
<ProjectReference
Include="". .\MonitoringLib\MonitoringLib.csproj" />
</I1temGroup>

7. Build the MonitoringApp project.

Useful members of the Stopwatch and Process types

The Stopwatch type has some useful members, as shown in the following table:

Member Description
Restart method This resets the elapsed time to zero and then starts the timer.
Stop method This stops the timer.

Elapsed property

This is the elapsed time stored as a TimeSpan format (for example,
hours:minutes:seconds).

ElapsedMilliseconds
property

This is the elapsed time in milliseconds stored as an Int64 value.

The Process type has some useful members, as shown in the following table:

Member Description

This displays the amount of virtual memory, in bytes, allocated for the
process.

VirtualMemorySize64
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This displays the amount of physical memory, in bytes, allocated for the
process.

WorkingSet64

Implementing a Recorder class

We will create a Recorder class that makes it easy to monitor time and memory resource usage. To
implement our Recorder class, we will use the Stopwatch and Process classes:

1. In Recorder.cs, change its contents to use a Stopwatch instance to record timings and the
current Process instance to record memory usage, as shown in the following code:

using System.Diagnostics;
using static System.Diagnostics.Process;
namespace Packt.Shared;

public static class Recorder

{

private static Stopwatch timer = new();

private static long bytesPhysicalBefore = 0;
private static long bytesVirtualBefore = 0;

public static void Start()
{

GC.Collect();
GC.WaitForPendingFinalizers();
GC.Collect();
GC.WaitForPendingFinalizers();
GC.Collect();

bytesPhysicalBefore = GetCurrentProcess() -WorkingSet64;
bytesVirtualBefore = GetCurrentProcess().VirtualMemorySize64;

timer.Restart();
}

public static void Stop()

{
timer.Stop();

long bytesPhysicalAfter =
GetCurrentProcess() -WorkingSet64;
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6,012 total milliseconds elapsed.

Remember that the time elapsed is randomly between 5 and 10 seconds. Your results will
vary even between multiple subsequent runs on the same machine. For example, when
run on my Mac mini M1, less physical memory but more virtual memory was used, as
shown in the following output:

\Q/ Processing. Please wait...

294,912 physical bytes used.
10,485,760 virtual bytes used.

00:00:06.0074221 time span elapsed.
6,007 total milliseconds elapsed.

Measuring the efficiency of processing strings
Now that you ve seen how the Stopwatch and Process types can be used to monitor your code, we
will use them to evaluate the best way to process string variables:

1. Inthe MonitoringApp project, add a new class le named Program.Helpers.cs.

2. InProgram.Helpers.cs, de ne apartial Program class with a method to output a section title
in dark yellow color, as shown in the following code:

partial class Program

{
static void SectionTitle(string title)
{
ConsoleColor previousColor = ForegroundColor;
ForegroundColor = ConsoleColor.DarkYellow;
WriteLine("*"");
WriteLine($™* {title}");
WriteLine("*"");
ForegroundColor = previousColor;
}
}

3. InProgram.cs, comment out the previous statements by wrapping them in multi-line com-
ment characters: /* */.

4. Add statements to create an array of 50,000 int variables and then concatenate them with
commas as separators using a string and StringBui lder class, as shown in the following code:

int[] numbers = Enumerable.Range(
start: 1, count: 50_000).ToArray();

SectionTitle(''Using StringBuilder'™);
Recorder.Start();

System.Text.StringBuilder builder = new();






Chapter 4 159

In this scenario, StringBui lder is more than 1,000 times faster and about 10 times more memory-e -
cient when concatenating text! This is because string concatenation creates a new string each time
you use it because string values are immutable so they can be safely pooled for reuse. StringBui lder
creates a single bu er in memory while it appends more characters.

\l/

_@_ Good Practice: Avoid using the String.Concat method or the + operator inside loops.
g Use StringBui Ider instead.

Now that you ve learned how to measure the performance and resource e ciency of your code using
types builtinto .NET, let s learn about a NuGet package that provides more sophisticated performance
measurements.

Monitoring performance and memory using Benchmark.NET

There is a popular benchmarking NuGet package for .NET that Microso uses in its blog posts about
performance improvements, so it is good for .NET developers to know how it works and use it for
their own performance testing. Let s see how we could use it to compare performance between string
concatenation and StringBui lder:

1. Useyour preferred code editor to add a new console app to the Chapter04 solution/workspace
named Benchmarking.

In Visual Studio Code, select Benchmarking as the active OmniSharp project.

2. Inthe Benchmarking project, add a package reference to Benchmark.NET, remembering that
you can nd out the latest version and use that instead of the version | used, as shown in the
following markup:

<ltemGroup>

<PackageReference Include="BenchmarkDotNet" Version="0.13.1" />
</1temGroup>

Build the project to restore packages.
4. Addanewclass le named StringBenchmarks.cs.

5. InStringBenchmarks.cs, add statements to de ne a class with methods for each benchmark
you want to run, in this case, two methods that both combine twenty numbers comma-sepa-
rated using either string concatenation or StringBui lder, as shown in the following code:

using BenchmarkDotNet.Attributes;
public class StringBenchmarks
{

int[] numbers;

public StringBenchmarks()
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Running tasks asynchronously

To understand how multiple tasks can be run simultaneously (at the same time), we will create a
console app that needs to execute three methods.

There will be three methods that need to be executed: the rst takes 3 seconds, the second takes 2
seconds, and the third takes 1 second. To simulate that work, we can use the Thread class to tell the
current thread to go to sleep for a speci ed number of milliseconds.

Running multiple actions synchronously

Before we make the tasks run simultaneously, we will run them synchronously, that is, one a er the
other:

1. Use your preferred code editor to add a new console app to the Chapter04 solution/workspace
named WorkingWithTasks.

In Visual Studio Code, select WorkingWithTasks as the active OmniSharp project.

In the WorkingWithTasks project, globally and statically import the System.Console class.
In the WorkingWithTasks project, add a new class le named Program.Helpers.cs.

4. InProgram.Helpers.cs, de ne a partial Program class with methods to output a section title,
a task title, and information about the current thread, each in di erent colors to make them
easier to identify in output, as shown in the following code:

partial class Program
{
static void SectionTitle(string title)
{
ConsoleColor previousColor = ForegroundColor;
ForegroundColor = ConsoleColor.DarkYellow;
WriteLine("*"");
WriteLine($™* {title}");
WriteLine("*"");
ForegroundColor = previousColor;

}

static void TaskTitle(string title)
{

ConsoleColor previousColor = ForegroundColor;
ForegroundColor = ConsoleColor.Green;
WriteLine($"{title}");

ForegroundColor = previousColor;

}

static void OutputThreadlnfo()

{
Thread t = Thread.CurrentThread;
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OutputThreadInfo();
Stopwatch timer = Stopwatch.StartNew();

SectionTitle("'Running methods synchronously on one thread.™);
MethodA(Q);
MethodB();
MethodC();

WriteLine($"{timer.ElapsedMilliseconds:#,##0}ms elapsed.");

8. Runthe code, view the result, and note that when there is only one unnamed foreground thread
doing the work, the total time required is just over 6 seconds, as shown in the following output:
Thread Id: 1, Priority: Normal, Background: False, Name: null

*

* Running methods synchronously on one thread.

*

Starting Method A...

Thread Id: 1, Priority: Normal, Background: False, Name: null
Finished Method A.

Starting Method B. ..

Thread Id: 1, Priority: Normal, Background: False, Name: null
Finished Method B.

Starting Method C...

Thread Id: 1, Priority: Normal, Background: False, Name: null
Finished Method C.

6,028ms elapsed.

Running multiple actions asynchronously using tasks

The Thread class has been available since the rst version of .NET in 2002 and can be used to create
new threads and manage them, but it can be tricky to work with directly.

.NET Framework 4.0 introduced the Task class in 2010, which represents an asynchronous operation.
A task is a higher-level abstraction around the operating system thread that performs the operation,
and the Task enables easier creation and management. Managing multiple threads wrapped in tasks
will allow our code to execute at the same time, aka asynchronously.

Each Task has a Status property and a CreationOptions property. A Task has a ContinueWith method
that can be customized with the TaskContinuationOptions enum, and it can be managed with the
TaskFactory class.

Starting tasks

We will look at three ways to start the methods using Task instances. There are links in the GitHub
repository to articles that discuss the pros and cons.
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Each has a slightly di erent syntax, but they all de ne a Task and start it:

1. InProgram.cs, add statements to create and start three tasks, one for each method, as shown
highlighted in the following code:

SectionTitle(""Running methods asynchronously on multiple threads.™);
timer.Restart();

Task taskA = new(MethodA);

taskA._Start();

Task taskB = Task.Factory.StartNew(MethodB);
Task taskC = Task.Run(MethodC);

WriteLine($"{timer.ElapsedMilliseconds:#,##0}ms elapsed.');

2. Runthe code, view the result, and note that the elapsed milliseconds appear almost immediately.
This is because each of the three methods is now being executed by three new background
worker threads allocated from the thread pool, as shown in the following output:

*

* Running methods asynchronously on multiple threads.

*

Starting Method A...

Thread Id: 4, Priority: Normal, Background: True, Name: .NET ThreadPool
Worker

Starting Method C. ..

Thread Id: 7, Priority: Normal, Background: True, Name: _NET ThreadPool
Worker

Starting Method B...

Thread Id: 6, Priority: Normal, Background: True, Name: .NET ThreadPool
Worker

6ms elapsed.

\/‘/‘ It is even likely that the console app will end before one or even all of the tasks
have a chance to start and write to the console!

Waiting for tasks

Sometimes, you need to wait for a task to complete before continuing. To do this, you can use the
Wait method on a Task instance, or the WaitAll or WaitAny static methods on an array of tasks, as
described in the following table:

Method Description

t.WaitQ) This waits for the task instance named t to complete execution.
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Task.WaitAny(Task[]) This waits for any of the tasks in the array to complete execution.
Task.WaitAll(Task[]1) This waits for all the tasks in the array to complete execution.

Using wait methods with tasks
Lets see how we can use these wait methods to x the problem with our console app:

1.

In Program.cs, a er creating the three tasks and before outputting the elapsed time, add
statements to combine references to the three tasks into an array and pass them to the Wai tAl l
method, as shown in the following code:

Task[] tasks = { taskA, taskB, taskC };
Task.WaitAll(tasks);

Run the code and view the result, and note the original thread will pause on the call toWaitAll,
waiting for all three tasks to nish before outputting the elapsed time, which is a little over 3
seconds, as shown in the following output:

Starting Method A...

Starting Method B...

Thread Id: 4, Priority: Normal, Background: True, Name: .NET ThreadPool
Worker

Thread Id: 6, Priority: Normal, Background: True, Name: .NET ThreadPool
Worker

Starting Method C...

Thread Id: 7, Priority: Normal, Background: True, Name: .NET ThreadPool
Worker

Finished Method C.
Finished Method B.
Finished Method A.
3,013ms elapsed.

The three new threads execute their code simultaneously, and they can potentially start in any order.
MethodC should nish rst because it takes only 1 second, then MethodB, which takes 2 seconds, and
nally MethodA, because it takes 3 seconds.

However, the actual CPU used has a bige ecton the results. It is the CPU that allocates time slices to
each process to allow them to execute their threads. You have no control over when the methods run.

Continuing with another task

If all three tasks can be performed at the same time, then waiting for all tasks to nish will be all we
need to do. However, 0 en a task is dependent on the output from another task. To handle this sce-
nario, we need to de ne continuation tasks.

We will create some methods to simulate a call to a web service that returns a monetary amount, which
then needs to be used to retrieve how many products cost more than that amount in a database. The
result returned from the rst method needs to be fed into the input of the second method.
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Finished call to stored procedure.
Result: 12 products cost more than £89.99.

5,463ms elapsed.

You might see two di erent threads running the web service and stored procedure calls as in the output
above (for examples, threads 4 and 6), or the same thread might be reused since it is no longer busy.

Nested and child tasks

As well as de ning dependencies between tasks, you can de ne nested and child tasks. A nested task
is a task that is created inside another task. A child task is a nested task that must nish before its
parent task is allowed to nish.

Lets explore how these types of tasks work:

1. InProgram.Methods.cs, add two methods, one of which starts a task to run the other, as shown
in the following code:

static void OuterMethod()

{
TaskTitle(""Outer method starting...");

Task innerTask = Task.Factory.StartNew(InnerMethod);
TaskTitle(""Outer method finished.");

}

static void InnerMethod()

{
TaskTitle("Inner method starting...");

Thread.Sleep(2000);
TaskTitle("Inner method finished.™);

}

2. InProgram.cs, add statements to start a task to run the outer method and wait for itto nish
before stopping, as shown in the following code:

SectionTitle("Nested and child tasks');

Task outerTask = Task.Factory.StartNew(OuterMethod);
outerTask.Wait();
WriteLine('Console app is stopping.™);

3. Runthe code and view the result, as shown in the following output:

Outer method starting...
Inner method starting...

Outer method finished.
Console app is stopping.
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V4 Although we wait for the outer task to nish, its inner task does not have to nish
; LES aswell. In fact, the outer task might nish, and the console app could end, before

the inner task even starts!

4. Tolink these nested tasks as parent and child, we must use a special option. Modify the existing
code that de nes the inner task to add a TaskCreationOption value of AttachedToParent, as

shown highlighted in the following code:

Task innerTask = Task.Factory.StartNew(InnerMethod,
TaskCreationOptions.AttachedToParent);

5. Run the code, view the result, and note that the inner task must nish before the outer task
can, as shown in the following output:

Outer method starting...
Inner method starting...
Outer method finished.

Inner method finished.

Console app is stopping.

/ The OuterMethod can nish before the InnerMethod, as shown by its writing to
\/L’; the console, but its task must wait, as shown by the console not stopping until
both the outer and inner tasks nish.

Wrapping tasks around other objects

Sometimes you might have a method that you want to be asynchronous, but the result to be returned
is not itself a task. You can wrap the return value in a successfully completed task, return an excep-
tion, or indicate that the task was canceled by using one of the Task static methods, shown in the

following table:

Method

Description

FromResult<TResult>(TResult)

Creates a Task<TResult> object whose Result
property is the non-task result and whose Status
property is RanToCompletion.

FromeException<TResult>(Exception)

Creates a Task<TResult> thats completed with a
speci ed exception.

FromCanceled<TResult>(CancellationT
oken)

Creates a Task<TResult> thats completed due to
cancellation with a speci ed cancellation token.

These methods are useful when you need to:

Implement an interface that has asynchronous methods, but your implementation is synchro-

nous. This is common for websites and services.
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Synchronizing access to shared resources

When you have multiple threads executing at the same time, there is a possibility that two or more of
the threads may access the same variable or another resource at the same time, and as a result, may
cause a problem. For this reason, you should carefully consider how to make your code thread-safe.

The simplest mechanism for implementing thread safety is to use an object variableasa agortra c
light to indicate when a shared resource has an exclusive lock applied.

In William Goldings Lord of the Flies, Piggy and Ralph spot a conch shell and use it to call a meeting.
The boys impose a rule of the conch on themselves, deciding that no one can speak unless they re
holding the conch.

I like to name the object variable I use for implementing thread-safe code the conch. When a thread
has the conch, no other thread should access the shared resource(s) represented by that conch. Note
that | say should. Only code that respects the conch enables synchronized access. A conch is not a lock.

We will explore a couple of types that can be used to synchronize access to shared resources:
Monitor: An object that can be used by multiple threads to check if they should access a shared

resource within the same process.
Interlocked: An object for manipulating simple numeric types at the CPU level.

Accessing a resource from multiple threads
Lets create a console app to explore sharing resources between multiple threads:

1. Useyour preferred code editor to add a new console app to the Chapter04 solution/workspace
named SynchronizingResourceAccess.

In Visual Studio Code, select SynchronizingResourceAccess as the active OmniSharp
project.
Globally and statically import the System.Console class.
Add a new class le named SharedObjects.cs.
4. In SharedObjects.cs, de ne a static class with a eld to store a message that is a shared re-
source, as shown in the following code:

static class SharedObjects

{

public static string? Message;

}

Add a new class le named Program.Methods.cs.

In Program.Methods.cs, de ne two methods that both loop ve times, waiting for a random
interval of up to two seconds and appending either A or B to the shared message resource, as
shown in the following code:

partial class Program
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This shows that both threads were modifying the message concurrently. In an actual application,
this could be a problem. But we can prevent concurrent access by applying a mutually exclusive lock
to a conch object, as well as adding code to the two methods to voluntarily check the conch before
modifying the shared resource, which we will do in the following section.

Applying a mutually exclusive lock to a conch
Now, lets use a conch to ensure that only one thread accesses the shared resource at a time:

1. InSharedObjects.cs, declare and instantiate an object variable to act as a conch, as shown
in the following code:

public static object Conch = new();
2. In Program.Methods.cs, in both MethodA and MethodB, add a lock statement for the conch
around the for statements, as shown highlighted in the following code:
lock (SharedObjects.Conch)

{

for (int 1 = 0; 1 <5; i++)

{
Thread.Sleep(Random.Shared.Next(2000));
SharedObjects.Message += "A";
Write(".");

}

B

| Good Practice: Note that since checking the conch is voluntary, if you only use
_‘@’_ the lock statement in one of the two methods, the shared resource will continue
d AY

= to be accessed by both methods. Make sure that all methods that access a shared
resource respect the conch.

3. Runthe code and view the result, as shown in the following output:

Please wait for the tasks to complete.

Results: BBBBBAAAAA.
10,345 elapsed milliseconds.

Although the time elapsed was longer, only one method at a time could access the shared resource.
Either MethodA or MethodB can start rst. Once a method has nished its work on the shared resource,
then the conch gets released, and the other method has the chance to do its work.

Understanding the lock statement

You might wonder what the lock statement does when it locks an object variable (hint: it does not
lock the object!), as shown in the following code:

lock (SharedObjects.Conch)
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{
}

The C# compiler changes the lock statement into a try-finally statement that uses the Monitor
class to enter and exit the conch object (I like to think of it as taking and releasing the conch object), as
shown in the following code:

try

{
Monitor.Enter(SharedObjects.Conch);

}
finally

{
Monitor.Exit(SharedObjects.Conch);
}

When a thread calls Monitor._Enter on a reference type, it checks to see if some other thread has
already taken the conch. If it has, the thread waits. If it has not, the thread takes the conch and gets
on with its work on the shared resource. Once the thread has nished its work, it calls Monitor .Exit,
releasing the conch. If another thread was waiting, it can now take the conch and do its work. This
requires all threads to respect the conch by calling Monitor _Enter and Monitor _Exit appropriately.

\'/

_@_ Good Practice: You cannot use value types (struct type) as a conch. Monitor.Enter
g requires a reference type because it locks the memory address.

Avoiding deadlocks

Knowing how the lock statement is translated by the compiler to method calls on the Monitor class
is also important because using the lock statement can cause a deadlock.

Deadlocks can occur when there are two or more shared resources (each with a conch to monitor which
thread is currently doing work on each shared resource), and the following sequence of events happens:
Thread X locks conch A and starts working on shared resource A.
Thread Y locks conch B and starts working on shared resource B.

While still working on resource A, thread X needs to also work with resource B, and so it at-
tempts to lock conch B but is blocked because thread Y already has conch B.
While still working on resource B, thread Y needs to also work with resource A, and so it at-
temptsto lock conch A but is blocked because thread X already has conch A.
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One way to prevent deadlocks is to specify a timeout when attempting to get a lock. To do this, you
must manually use the Monitor class instead of using the lock statement:

1. InProgram.Methods.cs, modify your code to replace the lock statements with code that tries
to enter the conch with a timeout and outputs an error and then exits the monitor, allowing
other threads to enter the monitor, as shown highlighted in the following code:

try
{
if (Monitor.TryEnter(SharedObjects.Conch, TimeSpan.FromSeconds(15)))
{
for (int 1 = 0; 1 < 5; i++)
{
Thread.Sleep(Random.Shared.Next(2000));
SharedObjects._Message += "A";
Write(".™);
}
}
else
{
WriteLine('Method A timed out when entering a monitor on conch.™);
}
B
finally
{
Monitor.Exit(SharedObjects.Conch);
i

2. Run the code and view the result, which should return the same results as before (although
either A or B could grab the conch rst) but is better code because it will prevent potential

deadlocks.
Good Practice: Only use the lock keyword if you can write your code such that
it avoids potential deadlocks. If you cannot avoid potential deadlocks, then al-
U, ways use the Monitor.TryEnter method instead of lock, in combination with a
NI try-final ly statement, so that you can supply a timeout and one of the threads

will back out of a deadlock if it occurs. You can read more about good threading
practices at the following link: https://docs.microsoft.com/en-us/dotnet/
standard/threading/managed-threading-best-practices.

Synchronizing events
.NET events are not thread-safe, so you should avoid using them in multithreaded scenarios.

A er learning that .NET events are not thread-safe, some developers attempt to use exclusive locks
when adding and removing event handlers or when raising an event, as shown in the following code:
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public event EventHandler? Shout;

private object eventConch = new();

public void Poke()

{
lock (eventConch)
{
if (Shout != null)
{
Shout(this, EventArgs.Empty);
}
¥
}
Good Practice: Is it good or bad that some developers do this? It depends on complex
factors, so | cannot give a value judgment. You can read more about events and thread
R ! ¢ safety at the following link: https://docs.microsoft.com/en-us/archive/blogs/
28 cburrows/field-like-events-considered-harmful.

But it is complicated, as explained by Stephen Cleary in the following blog post: https://
blog.stephencleary.com/2009/06/threadsafe-events._html.

Making CPU operations atomic

Atomic is from the Greek word atomos, which means undividable. Itis important to understand which
operations are atomic in multithreading because if they are not atomic, then they could be interrupted
by another thread partway through their operation. Is the C# increment operator atomic, as shown
in the following code?

int x =3

X++

It is not atomic! Incrementing an integer requires the following three CPU operations:

1. Load avalue from an instance variable into a register.
2. Increment the value.
3. Store the value in the instance variable.
A thread could be interrupted a er executing the rst two steps. A second thread could then execute

all three steps. When the rst thread resumes execution, it will overwrite the value in the variable,
and the e ect of the increment or decrement performed by the second thread will be lost!
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There is a type named Interlocked that can perform atomic actions like Add, Increment, Decrement,
Exchange, CompareExchange, And, Or, and Read on the following integer types:

System. Int32 (int), System_UInt32 (uint)
System. Int64 (long), System.UInt64 (ulong)

Interlocked does not work on numeric types like byte, sbyte, short, ushort, and decimal.

Interlocked can perform atomic operations like Exchange and CompareExchange that swap values in
memory on the following types:

System.Single (float), System.Double (double)
nint, nuint
T, System.Object (object)

Lets see it in action:

1. Declare another eld in the SharedObjects class that will count how many operations have
occurred, as shown in the following code:

public static int Counter;
2. InProgram.Methods.cs, in both methods A and B, inside the for statementand a er modifying

the string value, add a statement to safely increment the counter, as shown in the following
code:

Interlocked. Increment(ref SharedObjects.Counter);

3. InProgram.cs,a eroutputting the elapsed time, write the current value of the counter to the
console, as shown in the following code:

WriteLine($"{SharedObjects.Counter} string modifications.™);

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

Please wait for the tasks to complete.

Results: BBBBBAAAAA.
13,531 elapsed milliseconds.

Observant readers will realize that the existing conch object protects all shared resources accessed
within a block of code locked by the conch, and therefore it is unnecessary to use Interlocked in
thisspeci cexample. But if we had not already been protecting another shared resource like Message,
then using Interlocked would be necessary.

Applying other types of synchronization

Monitor and Interlocked are mutually exclusive locks that are simple and e ective, but sometimes, you
need more advanced options to synchronize access to shared resources, as shown in the following table:
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Type Description

These allow multiple threads to be in read mode, one thread to be
in write mode with exclusive ownership of the write lock, and one
thread that has read access to be in upgradeable read mode, from
which the thread can upgrade to write mode without having to
relinquish its read access to the resource.

ReaderWriterLock,
ReaderWriterLockSlim

Like Monitor, this provides exclusive access to a shared resource,

Mutex o . T
except it is used for inter-process synchronization.

These limit the number of threads that can access a resource or
pool of resources concurrently by de ning slots. This is known as
resource throttling rather than resource locking.

Semaphore,
SemaphoreSlim

AutoResetEvent, Event wait handles allow threads to synchronize activities by
ManualResetEvent signaling each other and by waiting for each other s signals.

Understanding async and await

C# 5 introduced two C# keywords when working with the Task type. They are especially useful for
the following:

Implementing multitasking for a graphical user interface (GUI).
Improving the scalability of web applications and web services.

In Chapter 18, Building Mobile and Desktop Apps Using .NET MAUI, we will see how the async and await
keywords can implement multitasking for a GUI.

But for now, lets learn the theory of why these two C# keywords were introduced, and then later you
will see them used in practice.

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:

1. Useyour preferred code editor to add a new console app to the Chapter04 solution/workspace
named AsyncConsole.

In Visual Studio Code, select AsyncConsole as the active OmniSharp project.

2. InProgram.cs, delete the existing statements, statically import Console, and then add state-
ments to create an HttpClient instance, make a request for Apples home page, and output
how many bytes it has, as shown in the following code:

using static System.Console;

HttpClient client = new();
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HttpResponseMessage response =
await client_GetAsync('http://www._apple.com/™);

WriteLine("'Apple®s home page has {0:NO} bytes.",
response.Content.Headers.ContentLength);

3. Build the project and note that it builds successfully. In .NET 5 and earlier, the project template
created an explicit Program class with a non-async Main method, so you would have seen an
error message, as shown in the following output:

Program.cs(14,9): error CS4033: The "await" operator can only be used
within an async method. Consider marking this method with the "async*®

modifier and changing its return type to "Task". [/Users/markjprice/apps-
services-net7/ Chapter04/AsyncConsole/AsyncConsole.csproj]

4. You would have had to add the async keyword to the Main method and change its return type
to Task. With .NET 6 and later, the console app project template uses the top-level program
feature to automatically de ne the Program class with an asynchronous <Main>$ method for you.

5. Run the code and view the result, which is likely to have a di erent number of bytes since
Apple changes its home page frequently, as shown in the following output:

Apple®s home page has 40,252 bytes.

Working with async streams
With .NET Core 3.0, Microso introduced the asynchronous processing of streams.

/ You can complete a tutorial about async streams at the following link: https://
\/;n> docs.microsoft.com/en-us/dotnet/csharp/tutorials/generate-consume-
asynchronous-stream.

Before C# 8.0 and .NET Core 3.0, the await keyword only worked with tasks that return scalar values.
Async stream support in .NET Standard 2.1 allows an async method to return one value a er another
asynchronously.

Lets see a simulated example that returns three random integers as an async stream:

1. Useyour preferred code editor to add a new console app to the Chapter04 solution/workspace
named AsyncEnumerable.

In Visual Studio Code, select AsyncEnumerable as the active OmniSharp project.

Globally and statically import the System.Console class.

In Program.cs, delete the existing statements and then at the bottom of Program.cs, create
a method that uses the yield keyword to return a random sequence of three numbers asyn-
chronously, as shown in the following code:

async static lAsyncEnumerable<int> GetNumbersAsync()



Chapter 4 181

{

Random r = Random.Shared;

await Task.Delay(r.Next(1500, 3000));
yield return r_Next(0, 1001);

await Task.Delay(r.Next(1500, 3000));
yield return r_Next(0, 1001);
await Task.Delay(r.Next(1500, 3000));
yield return r_.Next(0, 1001);

}

4. Above GetNumbersAsync, add statements to enumerate the sequence of numbers, as shown
in the following code:

await foreach (int number in GetNumbersAsync())

{
WriteLine($"Number: {number}");

}

5. Runthe code and view the result, as shown in the following output:

Number: 509

Number: 813
Number: 307

Improving responsiveness for GUI apps

So far in this book, we have only built console apps. Life for a programmer gets more complicated when
building web applications, web services, and apps with GUIs such as Windows desktop and mobile apps.

One reason for this is that for a GUI app, there is a special thread: the user interface (Ul) thread.
There are two rules for working in GUlIs:

Do not perform long-running tasks on the Ul thread.
Do not access Ul elements on any thread except the Ul thread.

To handle these rules, programmers used to have to write complex code to ensure that long-running
tasks were executed by a non-Ul thread, but once complete, the results of the task were safely passed
to the Ul thread to present to the user. It could quickly get messy!

Luckily, with C# 5 and later, you have the use of async and await. They allow you to continue to write
your code as if it is synchronous, which keeps your code clean and easy to understand, but underneath,
the C# compiler creates a complex state machine and keeps track of running threads. Its kind of
magical! The combination of these two keywords makes the asynchronous method run on a worker
thread and, when complete, return the results on the Ul thread.
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16. Clickin the text box, enter some text, and note the GUI is still responsive while it performs the
operation. Continue typing until the listbox is lled with the employees, as shown in Figure 4.2:
Y File Edit View Git Prject Buld Debug Test Analyze Teols Extenzions  Window  Help Search (Ctrl+Q) p
i@ B-BEEE| 9D - - petug ~|lanycru - | | WefResponsive -| B WplResponsive = § -0 & Lveshae & m
Fil Mainwindowsamlcs + % QRCUDCEERER B ' MairWindow - = 5
@v_;ptaeq_:onswe b Get Synch b
Ir:? i Employeeslistd Get Employees Azynchronously
& ;' Type in by 4
62 = private async vo 1:Mency Davelio
63 2: Andrew Fuller
64 Stopwatch timei 3: Janet Levering
65 |[& using (SqlConnl 4 pargaret Peacock
bl £ 5: Steven Buchanan
67 amait connec
68 1d o B Michael Suyama
69 ol T:Robert King
T8 B: Laura Callshan
71 while (await! 5 anne Dodsworth
ko Stiing e Syne: 5,118ms
i) “a?t ral 1 Mancy Davolio
75 await re & Andrew Fuller
T8 await re| 3:Janet Leverding
4 Margaret Peacock
78 , Employeesl) g sreven Buchanan
30r amait readen & Mgt M
= amait cannar 7 Robert King
W% =4 @ Noissues found B: Laura Callahan
Error List Output % Anne Dodsworth
s Async: 5,026ms
7 Build succeeded
Figure 4.2: Loading employees into a WPF app synchronously and asynchronously
17. Note the di erence in timings for the two operations. The Ul is blocked when fetching data
synchronously, while the Ul remains responsive when fetching data asynchronously.
18. Close the WPF app.

Improving scalability for web applications and web services

The async and await keywords can also be applied on the server side when building websites, appli-
cations, and services. From the client applications point of view, nothing changes (or they might even
notice a small increase in the time taken for a request to return). So, from a single client s point of view,
the use of async and await to implement multitasking on the server side makes their experience worse!

On the server side, additional, cheaper worker threads are created to wait for long-running tasks to

nish so that expensive 1/0 threads can handle other client requests instead of being blocked. This
improves the overall scalability of a web application or service. More clients can be supported simul-
taneously.

Common types that support multitasking

There are many common types that have asynchronous methods that you can await, as shown in the
following table:

Type Methods

DbContext<T> | AddAsync, AddRangeAsync, FindAsync, and SaveChangesAsync
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DbSet<T> AddAsync, AddRangeAsync, ForEachAsync, SumAsync, ToListAsync
ToDictionaryAsync, AverageAsync, and CountAsync

HttpClient GetAsync, PostAsync, PutAsync, DeleteAsync, and SendAsync

StreamReader | ReadAsync, ReadLineAsync, and ReadToEndAsync

StreamWriter | WriteAsync, WriteLineAsync, and FlushAsync

\

g

Good Practice: Any time you see a method that ends in the su x Async, check to see
whether it returns Task or Task<T>. If it does return Task or Task<T>, then you could
use it instead of the synchronous non-Async su xed method. Remember to call it using
await and decorate your method with async.

7/

Using await in catch blocks

When async and await were rst introduced in C# 5, it was only possible to use the await keyword
in a try block, but not in a catch block. In C# 6 and later, it is now possible to use await in both try
and catch blocks.

Practicing and exploring

Test your knowledge and understanding by answering some questions, getting some hands-on practice,
and exploring this chapter s topics with deeper research.

Exercise 4.1 — Test your knowledge
Answer the following questions:

A w e

© © N o o

10.

What information can you nd out about a process?
How accurate is the Stopwatch class?
By convention, what su  x should be applied to a method that returns Task or Task<T>?

To use the await keyword inside a method, what keyword must be applied to the method
declaration?

How do you create a child task?

Why should you avoid the lock keyword?

When should you use the Interlocked class?

When should you use the Mutex class instead of the Monitor class?

What is the bene t of using async and await in a website or web service?
Can you cancel a task? If so, how?

Exercise 4.2 — Explore topics

Use the

links on the following GitHub page to learn more about the topics covered in this chapter:

https://github.com/markjprice/apps-services-net7/blob/main/book-1inks.md#chapter-4---
improving-performance-and-scalability-using-multitasking
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Exercise 4.3 — Read more about parallel programming

Packt has a book that goes deeper into the topics in this chapter, Parallel Programming and Concurrency
with C# 10 and .NET 6: A modern approach to building faster, more responsive, and asynchronous .NET
applications using C#, by Alvin Ashcra .

https://www.packtpub.com/product/parallel-programming-and-concurrency-with-c-10-and-
net-6/9781803243672

Summary

In this chapter, you learned:

How to de ne and start a task.

How to wait for one or more tasks to nish.
How to control task completion order.

How to synchronize access to shared resources.
The magic behind async and await.

In the next chapter, you will learn how to use some popular third-party libraries.



Implementing Popular Third-Party
Libraries

This chapter is about some popular third-party libraries for .NET that enable you to perform actions
that either are not possible with the core .NET libraries or are better than the built-in functionality.
These actions include manipulating images with ImageSharp, logging with Serilog, mapping objects
to other objects with AutoMapper, making unit test assertions with FluentAssertions, validating data
with FluentValidation, and generating PDFs with QuestPDF.

This chapter covers the following topics:

Which third-party libraries are most popular?
Working with images

Logging with Serilog

Mapping between objects

Making uent assertions in unit testing
Validating data

Generating PDFs

Which third-party libraries are most popular?

To help me to decide which third-party libraries to include in this book, | researched which are down-
loaded most frequently at https://www.nuget.org/stats, and, as shown in the following table, they
are:

Rank Package Downloads
1 newtonsoft. json 106,664,914
2 serilog 25,706,263
3 castle.core 18,426,836
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4 newtonsoft. json._bson 18,018,770
5 awssdk.core 15,655,292
6 swashbuckle.aspnetcore.swagger 15,049,359
7 swashbuckle.aspnetcore.swaggergen 14,984,145
8 moq 13,864,846
9 automapper 13,390,653
10 serilog.sinks.file 13,043,367
12 polly 12,612,215
24 serilog.sinks.console 11,271,774
38 fluentvalidation 8,906,145

a1 fluentassertions 8,419,263

100 nodatime 2,981,780

What is covered in my books

My book, C# 11 and .NET 7 Modern Cross-Platform Development Fundamentals, introduces processing
JSON using Newtonsoft.Json and documenting web services using Swashbuckle. For now, using
Castle Core to generate dynamic proxies and typed dictionaries, or deploying to and integrating with
Amazon Web Services (AWS), is out of scope for this book.

As well as raw download numbers, questions from readers and the usefulness of the library also
contributed to my decision to include a library in this chapter, as summarized in the following list:

Most popular library for manipulating images: ImageSharp
Most popular library for logging: Serilog

Most popular library for object mapping: AutoMapper

Most popular library for unit test assertions: FluentAssertions
Most popular library for data validation: FluentValidation
Open-source library for generating PDFs: QuestPDF

What could be covered in my books

In future editions, | plan to add other libraries. Please let me know which libraries would be most
important for your needs. Currently, the following are most likely to be included in the next edition:

Most popular library for handling dates and times: NodaTime, https://nodatime.org/

Most popular library for generating dynamic proxies and typed dictionaries: Castle Core,
https://github.com/castleproject/Core

Most popular library for scheduling jobs: Quartz.NET, https://www.quartz-scheduler.net/
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Most popular library for resilience and transient fault handling: Polly, https://github.com/
App-vNext/Polly

Most popular library for mocking in unit tests: Moq, https://github.com/mog/moq

Working with images

ImageSharp is a third-party cross-platform 2D graphics library. When .NET Core 1.0 was in develop-
ment, there was negative feedback from the community about the missing System.Drawing name-
space for working with 2D images. The ImageSharp project was started to |l that gap for modern
.NET applications.

Intheiro cial documentation for System.Drawing, Microso says, The System.Drawing namespace
is not recommended for new development due to not being supported within a Windows or ASP.NET
service, and it is not cross-platform. ImageSharp and SkiaSharp are recommended as alternatives.

SixLabors released ImageSharp 2.0 on February 7, 2022, with WebP, Ti , and Pbm format
\G/\/ support, more e cient and faster memory pooling and allocation, and massive perfor-
mance improvements for their JPEG and PNG formats. You can read the announcement
at the following link: https://sixlabors.com/posts/announcing-imagesharp-200/.

Generating grayscale thumbnails
Lets see what can be achieved with ImageSharp:

1. Use your preferred code editor to add a new console app named WorkingWithImages to a
Chapter05 solution/workspace.

2. In the WorkingWithlImages project, create an images folder and download to it the nine im-
ages from the following link: https://github.com/markjprice/apps-services-net7/tree/
master/images/Categories.

3. Ifyou are using Visual Studio 2022, then the images folder and its les must be copied to the
WorkingWithImages\bin\Debug\net7 folder:

1. In Solution Explorer, select all nine images.
In Properties, set Copy To Output Directory to Copy Always.

Open the project le and note the <ItemGroup> entries that will copy the nine images
to the correct folder, as partially shown in the following markup:

<ltemGroup>
<None Update="images\categories. jpeg'>
<CopyToOutputDirectory>Always</CopyToOutputDirectory>
</None>
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Converting:
C:\apps-services-net7\Chapter05\WorkingWithlImages\bin\Debug\net7.0\

images\categoryl. jpeg

To:

C:\apps-services-net7\Chapter05\WorkingWithImages\bin\Debug\net7.0\
images\categoryl-thumbnail.jpeg

Converting:
C:\apps-services-net7\Chapter05\WorkingWithImages\bin\Debug\net7.0\

images\category8. jpeg

To:

C:\apps-services-net7\Chapter05\WorkingWithlImages\bin\Debug\net7.0\
images\category8-thumbnail . jpeg

Image processing complete. View the images folder.

9. Inthe lesystem, open the images folder and note the much-smaller-in-bytes grayscale thumb-
nails, as shown in Figure 5.1:
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Figure 5.1: Images a er processing

ImageSharp packages for drawing and the web

ImageSharp also has NuGet packages for programmatically drawing images and working with images
on the web, as shown in the following list:

SixLabors. ImageSharp.Drawing
SixLabors. ImageSharp.Web
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\/‘p/' More Information: Learn more details at the following link: https://docs.sixlabors.
com/.

Logging with Serilog
Although .NET includes logging frameworks, third-party logging providers give more power and
exibility by using structured event data. Serilog is the most popular.

Structured event data
Most systems write plain text messages to their logs.

Serilog can be told to write serialized structured data to the log. The @ symbol pre xing a parameter
tells Serilog to serialize the object passed in, instead of just the result of calling the ToString method.

Later, that complex object can be queried for improved search and sort capabilities in the logs.
For example:

var lineitem = new { Productld = 11, UnitPrice = 25.49, Quantity = 3 };

log. Information("’'Added {@Lineltem} to shopping cart.', lineitem);

\/V' You can learn more about how Serilog handles structured data at the following link:
https://github.com/serilog/serilog/wiki/Structured-Data.

Serilog sinks

All logging systems need to record the log entries somewhere. That could be to the console output, a
le, or amore complex data store like a relational database or cloud data store. Serilog calls these sinks.

Serilog has hundreds of o cial and third-party sink packages for all the possible places you might
want to record your logs. To use them, just include the appropriate package. The most popular are
shown in the following list:

serilog.sinks.file

serilog.sinks.console

serilog.sinks.periodicbatching

serilog.sinks.debug

serilog.sinks.rollingfile (deprecated; use serilog.sinks.file instead)
serilog.sinks.applicationinsights

serilog.sinks.mssqlserver
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\/‘/‘ There are more than 390 packages currently listed on Microso s public NuGet feed:
https://www.nuget.org/packages?g=serilog.sinks.

Logging to the console and a rolling file with Serilog
Lets start:

1. Use your preferred code editor to add a new console app named Serilogging to a Chapter05
solution/workspace:

In Visual Studio 2022, set the startup project to the current selection.
In Visual Studio Code, select Serilogging as the active OmniSharp project.

2. Inthe Serilogging project, globally and statically import the System.Console class and add
a package reference for Serilog, including sinks for console and file (which also supports
rolling les), as shown in the following markup:

<ltemGroup>
<Using Include="System.Console" Static="true" />
</l1temGroup>

<ltemGroup>
<PackageReference Include="Serilog" Version="2.10.0" />
<PackageReference Include="Serilog.Sinks.Console™ Version="4.0.1" />
<PackageReference Include="Serilog.Sinks.File" Version="5.0.0" />
</l1temGroup>

3. Build the Serilogging project.
4. IntheSerilogging project, in the Models folder, add a new class le named ProductPageView.
cs, and modify its contents, as shown in the following code:

namespace Serilogging.-Models;

public class ProductPageView

{
public int Productld { get; set; }
public string? PageTitle { get; set; }
public string? SiteSection { get; set; }

}
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8. Openthe logYYYYMMDD.txt le, where YYYY is the year, MM is the month, and DD is the day,
and note it contains the same messages.

\/V' More Information: Learn more details at the following link: https://serilog.
net/.

Mapping between objects

One of the most boring parts of being a programmer is mapping between objects. It is common to need
to integrate systems or components that have conceptually similar objects but with di erent structures.

Models for dataare di erent fordi erent parts of an application. Models that represent data in storage
are o en called entity models. Models that represent data that must be passed between layers are
0 en called data transfer objects (DTO). Models that represent only the data that must be presented
toauserare o en called view models. All these models are likely to have commonalities butdi erent
structures.

AutoMapper is a popular package for mapping objects because it has conventions that make the work
as easy as possible. For example, if you have a source member called CompanyName, it will be mapped
to a destination member with the name CompanyName.

, AutoMapper s creator, Jimmy Bogard, has written an article about its design philoso-
; LS phy that is worth reading, available at the following link: https://jimmybogard.com/
automappers-design-philosophy/.

Lets see an example of AutoMapper in action. You will create four projects:

A class library for the entity and view models.

A class library to create mapper con gurations for reuse in unit tests and actual projects.
A unit test project to test the mappings.

A console app to perform a live mapping.

We will construct an example object model that represents a customer and their shopping cart with
a couple of items, and then map it to a summary view model to present to the user.

Testing an AutoMapper configuration

Itis good practice to always validate your con guration for mappings before using them, so we will start
by de ning some models and a mapping between them, and then create a unit test for the mappings:

1. Use your preferred code editor to add a new Class Library/classlib project named
MappingObjects.Models to the Chapter05 solution/workspace.
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21. Run the test and note that this time it passes.

Performing live mappings between models
Now that we have validated the con guration of our mapping, we can use it in a live app:

1. Useyour preferred code editor to add a new Console App/console project named MappingObjects
to the Chapter05 solution/workspace.

2. Inthe MappingObjects project, globally and statically import the System.Console class, add
a project reference for the two class libraries, and add a package reference for AutoMapper, as
shown in the following markup:

<ltemGroup>
<Using Include="System.Console" Static="true" />
</l1temGroup>

<ltemGroup>
<ProjectReference Include=
" . .\MappingObjects.Mappers\MappingObjects.Mappers.csproj" />
<ProjectReference Include=
" . .\MappingObjects.Models\MappingObjects.Models.csproj" />
</ItemGroup>

<ltemGroup>
<PackageReference Include="AutoMapper" Version="11.0.1" />
</ltemGroup>

3. Build the MappingObjects project:
In Visual Studio Code, select MappingObjects as the active OmniSharp project.

4. InProgram.cs, delete the existing statements and then add some statements to construct an
example object model that represents a customer and their shopping cart with a couple of items,
and then map it to asummary view model to present to the user, as shown in the following code:

using AutoMapper;

using MappingObjects.Mappers;
using Packt.Entities;

using Packt.ViewModels;
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, Good Practice: There is a debate about when AutoMapper should be used that you can read
YA about in an article (which has more links at the bottom) at the following link: https://
www . anthonysteele.co.uk/AgainstAutoMapper.html.

\/‘/‘ More Information: Learn more details about AutoMapper at the following link: https://
automapper.org/.

Making fluent assertions in unit testing
FluentAssertions are a set of extension methods that make writing and reading the code in unit tests
and the error messages of failing tests more similar to a natural human language like English.

It works with most unit testing frameworks, including xUnit. When you add a package reference for a
test framework, FluentAssertions will automatically nd the package and use it for throwing exceptions.

A erimporting the FluentAssertions namespace, call the Should() extension method on a variable
and then one of the hundreds of other extension methods to make assertions in a human-readable
way. You can chain multiple assertions using the And() extension method or have separate statements,
each calling Should().

Making assertions about strings
Lets start by making assertions about a single string value:

1. Use your preferred code editor to add a new xUnit Test Project/xunit named FluentTests to
a Chaptero05 solution/workspace.

In Visual Studio Code, select FluentTests as the active OmniSharp project.

2. Inthe FluentTests project, add a package reference to FluentAssertions, as shown high-
lighted in the following markup:
<ltemGroup>

<PackageReference Include="FluentAssertions" Version="6.6.0" />
<PackageReference Include="Microsoft_NET.Test.Sdk" Version="17.0.0" />

Build the FluentTests project.

4. Rename UnitTestl.csto FluentExamples.cs.

5. InFluentExamples.cs, importthe namespace to make the uentassertions extension methods
available and write a test method for a string value, as shown in the following code:

using FluentAssertions;
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Making assertions about collections and arrays
Now let s continue by making assertions about collections and arrays:

1. In FluentExamples.cs, add a test method to explore collection assertions, as shown in the
following code:

[Fact]
public void TestCollections()

{
string[] names = new[] { "Alice", "Bob", "Charlie" };

names . Should() -HaveCountLessThan(4,
"because the maximum items should be 3 or fewer™);

names.Should() .OnlyContain(name => name.Length <= 6);

}

2. Run the tests and note the collections test fails, as shown in the following output:

Expected names to contain only items matching (name.Length <= 6), but

{"Charlie"} do(es) not match.

3. Change Charlie to Charly.
4. Run the tests and note they succeed.

Making assertions about dates and times
Lets start by making assertions about date and time values:

1. InFluentExamples.cs, import the namespace for adding extension methods for named months
and other useful date/time-related functionality, as shown in the following code:

using FluentAssertions.Extensions;

2. Add atest method to explore date/time assertions, as shown in the following code:

[Fact]
public void TestDateTimes()
{
DateTime when = new(
hour: 9, minute: 30, second: O,
day: 25, month: 3, year: 2022);

when.Should() .Be(25.March(2022) .At(9, 30));
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when.Should() .BeOnOrAfter(23.March(2022));
when.Should() -NotBeSameDateAs(12.February(2022));
when.Should() -HaveYear(2022);

DateTime due = new(
hour: 11, minute: 0, second: O,
day: 25, month: 3, year: 2022);

when.Should() .BeAtLeast(2.Hours()) -Before(due);
}

3. Run the tests and note the date/time test fails, as shown in the following output:

Expected when <2022-03-25 09:30:00> to be at least 2h before <2022-03-25

11:00:00>, but it is behind by 1h and 30m.

4. For the due variable, change the hour from 11 to 13.
5.  Run the tests and note the date/time test succeeds.

\/V' More Information: Learn more details at the following link: https://
fluentassertions.com/.

Validating data

FluentValidation allows you to de ne strongly typed validation rules in a human-readable way.

You create a validator for a type by inheriting from Abstractvalidator<T>, where T is the type that
you want to validate. In the constructor, you call the RuleFor method to de ne one or more rules. If
arule should run only in speci ed scenarios, then you call the When method.

Understanding the built-in validators
FluentValidation ships with lots of useful built-in validator extension methods for de ning rules, as
shown in the following partial list:

Null, NotNull, Empty, NotEmpty

Equal, NotEqual

Length, MaxLength, MinLength

LessThan, LessThanOrEqualTo, GreaterThan, GreaterThanOrEqualTo
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InclusiveBetween, ExclusiveBetween

ScalePrecision

Must (aka predicate)

Matches (aka regular expression), Emai lAddress, CreditCard

IsInEnum, ISsEnumName

Performing custom validation

The easiest way to create custom rules is to use Predicate to write a custom validation function. You
can also call the Custom method to get maximum control.

Customizing validation messages
There are a few extension methods that are used to customize the validation messages output when
data fails to pass the rules:
WithName: Change the name used for a property in the message.
WithSeverity: Change the default severity from Error to Warning or some other level.
WithErrorCode: Assign an error code that can be output in the message.
WithState: Add some state that can be used in the message.
WithMessage: Customize the format of the default message.

Defining a model and validator

Lets see an example of FluentValidation in action. You will create three projects:

A class library for a model to validate that represents an order made by a customer
A class library for the validator for the model
A console app to perform a live validation

Lets start:

1. Use your preferred code editor to add a new Class Library/classlib project named
FluentValidation.Models to the Chapter05 solution/workspace.

In the FluentValidation.Models project, delete the le named Classl.cs.

In the Fluentvalidation.Models project, add a new class le named CustomerLevel .cs and
modify its contents to de ne an enum with three customer levels, Bronze, Silver, and Gold,
as shown in the following code:

namespace FluentValidation.Models;

public enum CustomerLevel

{

Bronze,
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Testing the validator
Now we are ready to create a console app to test the validator on the model:

1. Use your preferred code editor to add a new console app named FluentValidation.App to a
Chapter05 solution/workspace.

In Visual Studio Code, select FluentValidation.App as the active OmniSharp project.

2. IntheFluentValidation.App project, globally and statically import the System.Console class
and add project references for FluentVal idation.Validators and FluentValidation.Models,
as shown in the following markup:

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

<ltemGroup>
<ProjectReference Include=
"..\FluentValidation.Models\FluentValidation.Models.csproj" />
<ProjectReference Include=
"..\FluentValidation.Validators\FluentValidation.Validators.csproj"
/>
</ItemGroup>

3. Build the Fluentvalidation.App project.

4. InProgram.cs, delete the existing statements and then add statements to create an order and
validate it, as shown in the following code:

using FluentValidation.Models;
using FluentValidation.Results;
using FluentValidation.Validators;

Order order = new()

{

}:

OrderValidator validator = new();

ValidationResult result = validator.Validate(order);

WriteLine($"CustomerName: {order.CustomerName}'™);
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Orderld: 10001
OrderDate: 01/12/2022 00:00:00
ShipDate: 05/12/2022 00:00:00

Total: 49.99

IsvValid: True

Integrating with ASP.NET Core

For automatic validation with ASP.NET Core, FluentValidation supports .NET Core 3.1 and later.

\/‘/‘ More Information: Learn more details at the following link: https://cecilphillip.
com/fluent-validation-rules-with-asp-net-core/.

Generating PDFs

One of the most common requests | get when teaching C# and .NET is, What open-source library is
available to generate PDF les?

There are many licensed libraries for generating PDF les, but over the years it has been di cult to
nd cross-platform open-source ones. QuestPDF is the latest example.

QuestPDF uses SkiaSharp and that has implementations for Windows, Mac, and Linux
operating systems. The console app that you create in this section to generate PDFs is

\@// therefore cross-platform. But on an Apple Silicon Mac, like my Mac mini M1, | had to
install the x64 version of .NET 7 and start the project using dotnet run -a x64. This
tells the .NET SDK to use the x64 architecture, otherwise the SkiaSharp libraries give an
error because they have not yet been built to target Arm6é4.

Creating class libraries to generate PDF documents
Lets see an example of QuestPDF in action. You will create three projects:

A class library for a model that represents a catalog of product categories with names and
images.

A class library for the document template.

A console app to perform a live generation of a PDF le.

Lets start:

1. Use your preferred code editor to add a new Class Library/classlib project named
GeneratingPdf.Models to the Chapter05 solution/workspace.

2. Inthe GeneratingPdf._Models project, delete the le named Classl.cs.






Chapter 5 219

{

table.ColumnsDefinition(columns =>

{

columns.ConstantColumn(100);
columns.RelativeColumn();

s

foreach (var item in Model.Categories)

{
table._Cell().Text(item.CategoryName);

string imagePath = Path.Combine(
Environment.CurrentDirectory, "images",
$"category{item.Categoryld}.jpeg™);

table._Cell().Image(imagePath);

}
s

page.Footer()
-Height(50) .Background(Colors.Grey.Lightenl)
-AlignCenter() -Text(x =>
{

X.CurrentPageNumber();
x.Span("" of ");
Xx.TotalPages();
D:
b:

public DocumentMetadata GetMetadata() => DocumentMetadata.Default;
}

Creating a console app to generate PDF documents

Now we can create a console app project that will use the class libraries to generate a PDF document:

1. Use your preferred code editor to add a new console app named GeneratingPdf.App to a
Chapter05 solution/workspace.

In Visual Studio Code, select GeneratingPdf.App as the active OmniSharp project.
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7. Run the console app and note the PDF le generated, as shown in Figure 5.3:

0 | B cotalogpdi x |+ = (n] e
C () File | Cyapps-services-net7/Chapter05/GeneratingPdf App/bin/Debug/net7.0/catalog pdf 'S = B 2
=l et Q - + A 8| B A @D Y ~¥F - @ =) B 2 @B

Figure 5.3: A PDF file generated from C# code

\/V> More Information: Learn more details at the following link: https://www.questpdf.com/.

Practicing and exploring

Test your knowledge and understanding by answering some questions, getting some hands-on practice,
and doing deeper research into the topics in this chapter.

Exercise 5.1 — Test your knowledge
Use the web to answer the following questions:

What is the most downloaded third-party NuGet package of all time?

N

What method do you call on the ImageSharp Image class to make a change like resizing the
image or replacing colors with grayscale?

What is a key bene t of using Serilog for logging?

What is a Serilog sink?

Should you always use a package like AutoMapper to map between objects?

Which FluentAssertions method should you call to starta uent assertion on a value?

No o bk ow

Which FluentAssertions method should you call to assert that all items in a sequence conform
to a condition, like a string item must have less than six characters?

8. Which FluentValidation class should you inherit from to de ne a custom validator?
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9. With FluentValidation, how can you set a rule to only apply in certain conditions?

10. With QuestPDF, which interface must you implement to de ne a document for a PDF, and what
methods of that interface must you implement?

Exercise 5.2 — Explore topics
Use the links on the following page to learn more detail about the topics covered in this chapter:

https://github.com/markjprice/apps-services-net7/blob/main/book-1inks.md#chapter-5---
using-popular-third-party-libraries

Summary
In this chapter, you explored some third-party libraries that are popular with .NET developers to
perform functions including:
Manipulating images using a Microso -recommended third-party library named ImageSharp.
Logging structured data with Serilog.
Mapping between objects, for example, entity models to view models.
Making uent assertions in unit testing.
Validating data in an English language-readable way.
Generating a PDF le.

In the next chapter, we will look at advanced features of the C# compiler.



Observing and Modifying Code
Execution Dynamically

This chapter is about some common types that are included with .NET for performing code re ection
and applying and reading attributes, working with expression trees, and creating source generators.

This chapter covers the following topics:

Working with re ection and attributes
Working with expression trees
Creating source generators

Working with reflection and attributes

Re ectionisa programming feature that allows code to understand and manipulate itself. An assembly
is made up of up to four parts:

Assembly metadata and manifest: Name, assembly, le version, referenced assemblies, and
so on.

Type metadata: Information about the types, their members, and so on.
IL code: Implementation of methods, properties, constructors, and so on.
Embedded resources (optional): Images, strings, JavaScript, and so on.

The metadata comprises items of information about your code. The metadata is generated automat-
ically from your code (for example, information about the types and members) or applied to your
code using attributes.

Attributes can be applied at multiple levels: to assemblies, to types, and to their members, as shown
in the following code:

[assembly: AssemblyTitle("Working with reflection and attributes™)]
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[Serializable]
public class Person

{

[Obsolete('Deprecated: use Run instead.")]
public void Walk()

{

Attribute-based programming is used a lot in app models like ASP.NET Core to enable features like
routing, security, and caching.

Versioning of assemblies
Version numbers in .NET are a combination of three numbers, with two optional additions. If you
follow the rules of semantic versioning, the three numbers denote the following:

Major: Breaking changes.

Minor: Non-breaking changes, including new features, and o en, bug xes.

Patch: Non-breaking bug xes.

Optionally, a version can include these:

Prerelease: Unsupported preview releases.
Build number: Nightly builds.

\ 7/

_@ Good Practice: Follow the rules of semantic versioning, as described at the following link:
g http://semver.org.

Reading assembly metadata
Lets explore working with attributes:
1. Use your preferred code editor to add a new Console App/console project named
WorkingWithReflection to a Chapter06 solution/workspace:
In Visual Studio 2022, set the startup project to the current selection.
In Visual Studio Code, select WorkingWithReflection as the active OmniSharp project.

2. Inthe project le, statically and globally import the Console class, as shown in the following
markup:

<ltemGroup>
<Using Include="System.Console" Static="true" />
</ ltemGroup>
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<Nullable>enable</Nullable>

<ImplicitUsings>enable</ImplicitUsings>

<Version>7.0.1</Version>

<Company>Packt Publishing</Company>
</PropertyGroup>

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

Assembly metadata:

Full name: WorkingWithReflection, Version=7.0.1.0, Culture=neutral,
PublicKeyToken=null

Version: 7.0.1
Company: Packt Publishing

Creating custom attributes

You can de ne your own attributes by inheriting from the Attribute class:

Add aclass le to your project named CoderAttribute.cs.

2. InCoderAttribute.cs, de ne an attribute class that can decorate either classes or methods

with two properties to store the name of a coder and the date they last modi ed some code,
as shown in the following code:

namespace Packt.Shared;

[AttributeUsage(AttributeTargets.Class | AttributeTargets.Method,
AllowMultiple = true)]

public class CoderAttribute : Attribute
{
public string Coder { get; set; }
public DateTime LastModified { get; set; }

public CoderAttribute(string coder, string lastModified)
{

Coder = coder;

LastModified = DateTime.Parse(lastModified);
}
}

3. Addaclass letoyour project named Animal .cs.

4. In Animal .cs, add a class with a method, and decorate the method with the Coder attribute
with data about two coders, as shown in the following code:

namespace Packt.Shared;

public class Animal

{
[Coder(**Mark Price™, 22 August 2022")]
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Method: Speak (Animal)

-> Modified by Johnni Rasmussen on 13/09/2022
-> Modified by Mark Price on 22/08/2022
Method: GetType (Object)

Method: ToString (Object)

Method: Equals (Object)

Method: GetHashCode (Object)

Constructor: .ctor (Program)

Type: Program+<>c

Method: GetType (Object)
Method: ToString (Object)
Method: Equals (Object)
Method: GetHashCode (Object)
Constructor: .ctor (<>c)
Field: <>9 (<>c¢)

Field: <>9_ 0 0 (<>c)

Understanding compiler-generated types and members
What is the Program+<>c type and its strangely named elds?

It is a compiler-generated display class. <> indicates compiler-generated and c indicates a display
class. They are undocumented implementation details of the compiler and could change at any time.
You can ignore them, so as an optional challenge, add statements to your console app to Iter com-
piler-generated types by skipping types decorated with Compi lerGeneratedAttribute.

Hint: Import the namespace for working with compiler-generated code, as shown in the following code:

using System.Runtime.CompilerServices;

Making a type or member obsolete

Over time, you might decide to refactor your types and their members while maintaining backward
compatibility. To encourage developers who use your types to use the newer implementations, you
can decorate the old types and members with the [Obsolete] attribute.

Lets see an example:

1. InAnimal.cs, add a new method and mark the old method as obsolete, as shown highlighted
in the following code:

[Coder(*"Mark Price", "22 August 2022")]
[Coder(*'Johnni Rasmussen', "13 September 2022')]
[Obsolete($"use {nameof(SpeakBetter)} instead.")]
public void Speak()
{

WriteLine(""Woof...");

}
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public void SpeakBetter()
i

WriteLine('Wooooooooof. . .");

I

2. In Program.cs, modify the statements to detect obsolete methods, as shown highlighted in
the following code:

foreach (MemberInfo member in members)
{
ObsoleteAttribute? obsolete =
member .GetCustomAttribute<ObsoleteAttribute>();

WriteLine("{0}: {1} ({2} {3}",
member .MemberType, member_Name,
member .DeclaringType?.Name,
obsolete is null ? " : $"Obsolete! {obsolete._Message}'");

3. Runthe code and view the result, as shown in the following output:

Type: Packt.Shared.Animal

Method: Speak (Animal) Obsolete! use SpeakBetter instead.
-> Modified by Johnni Rasmussen on 13/09/2022

-> Modified by Mark Price on 22/08/2022

Method: SpeakBetter (Animal)

Method: GetType (Object)
Method: ToString (Object)
Method: Equals (Object)
Method: GetHashCode (Object)
Constructor: .ctor (Animal)

Dynamically loading assemblies and executing methods

Normally, if a .NET project needs to execute in another .NET assembly, you reference the package
or project, and then at compile time, the compiler knows the assemblies that will be loaded into
the memory of the calling codebase during start up at runtime. But sometimes you may not know
the assemblies that you need to call until runtime. For example, a word processor does not need to
have the functionality to perform a mail merge loaded all the time. The mail merge feature could be
implemented as a separate assembly that is only loaded into memory when it is activated by the user.
Another example would be an application that allows custom plugins, perhaps even created by other
developers.

You can dynamically load a set of assemblies into an AssemblyLoadContext, execute methods in them,
and then unload the AssemblyLoadContext, which unloads the assemblies too. A side e ect of this is
reduced memory usage.
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Loading:
DynamicLoadAndExecute.Library.dll

Ful IName: DynamicLoadAndExecute.Library, Version=1.0.0.0,
Culture=neutral, PublicKeyToken=null
Location: C:\apps-services-net7\Chapter06\DynamicLoadAndExecute.Console\
bin\Debug\net7.0
IsCollectible: True
Defined types:

Name: Dog, Members: 6

Fido says Woof!
Fido says Woof!
Fido says Woof!
Fido says Woof!
Fido says Woof!
Fido says Woof!
Fido says Woof!
Fido says Woof!
Fido says Woof!
Fido says Woof!

Unloading context and assemblies.

\/‘/‘ Note that the entry assembly (the console app) is not collectible, meaning that it cannot
be removed from memory, but the dynamically loaded class library is collectible.

Doing more with reflection
This is just a taster of what can be achieved with re ection. Re ection can also do the following:

Inspect assembly contents using Metadatal.oadContext: https://docs.microsoft.com/en-
us/dotnet/standard/assembly/inspect-contents-using-metadataloadcontext
Dynamically generate new code and assemblies: https://docs.microsoft.com/en-us/
dotnet/api/system.reflection.emit.assemblybuilder

Working with expression trees

Expression trees represent code as a structure that you can examine or execute. Expression trees are
immutable so you cannot change one, but you can create a copy with the changes you want.

If you compare expression trees to functions, then although functions have exibility in the parameter
values passed to them, the structure of the function, what it does with those values, and how are all

xed. Expression trees provide a structure that can dynamically change, so what and how a function
is implemented can be dynamically changed at runtime.



238

Observing and Modifying Code Execution Dynamically

Expression trees are also used to represent an expression in an abstract way, so instead of being ex-
pressed using C# code, the expression is expressed as a data structure in memory. This then allows

that data structure to be expressed in other ways, using other languages.

When you write a LINQ expression for the EF Core database provider, it is represented by an expres-
sion tree that is then translated into an SQL statement. But even the simplest C# statement can be
represented as an expression tree.

Lets look at a simple example, adding two numbers:

int three = 1 + 2;

This statement would be represented as the tree in Figure 6.1:

Variable declaration with

assignment

int three = 1 + 2;

Variable declaration

int three

Binary addition expression

1+ 2

Data type keyword

int

Variable name declaration

three

Left operand

1

Addition operator

+

Right operand

P

Figure 6.1: An expression tree of a simple statement adding two numbers

Understanding components of expression trees

The System.Ling.Expressions nhamespace contains types for representing the components of an

expression tree. For example:

Type Description

BinaryExpression An expression with a binary operator.

BlockExpression A block containing a sequence of expressions where variables
can be de ned.

CatchBlock A catch statement in a try block.
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ConditionalExpression An expression that has a conditional operator.
LambdaExpression A lambda expression.

MemberAssignment Assigningtoa eld or property.
MemberExpression Accessing a eld or property.

MethodCal IExpression A call to a method.

NewExpression A call to a constructor.

Only expression trees that represent lambda expressions can be executed.

Executing the simplest expression tree
Lets see how to construct, compile, and execute an expression tree:
1. Use your preferred code editor to add a new Console App/console project named
WorkingWithExpressionTrees to the Chapter06 solution/workspace.

2. Inthe project le, statically and globally import the Console class, as shown in the following
markup:

<ltemGroup>
<Using Include="System.Console" Static="true" />
</l1temGroup>

3. InProgram.cs, delete the existing statements and then de ne an expression tree and execute
it, as shown in the following code:

using System.Ling.Expressions;

ConstantExpression one = Expression.Constant(l, typeof(int));
ConstantExpression two = Expression.Constant(2, typeof(int));
BinaryExpression add = Expression.Add(one, two);

Expression<Func<int>> expressionTree = Expression.Lambda<Func<int>>(add);
Func<int> compiledTree = expressionTree.Compile();

WriteLine($"Result: {compiledTree()}");

4. Run the console app and note the result, as shown in the following output:

Creating source generators

Source generators were introduced with C# 9 and .NET 5. They allow a programmer to get a com-
pilation object that represents all the code being compiled, dynamically generate additional code

les, and compile those too. Source generators are like code analyzers that can add more code to the
compilation process.
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A great example is the System.Text.Json source generator. The classic method for serializing JSON
uses re ection at runtime to dynamically analyze an object model, but this is slow. The better method
uses source generators to create source code that is then compiled to give improved performance.

/ You can read more about the System.Text.Json source generator at the following link:
\/<n> https://devblogs.microsoft.com/dotnet/try-the-new-system-text-json-
source-generator/.

Implementing the simplest source generator

We will create a source generator that programmatically creates a code le that adds a method to the
Program class, as shown in the following code:

static partial class Program

{

static partial void Message(string message)

{

System.Console._WriteLine($"Generator says: "{message}"');
¥
}

This method can then be called in the Program.cs le of the project that uses this source generator.
Lets see how to do this:

1. Use your preferred code editor to add a new Console App/console project named
GeneratingCodeApp to the Chapter06 solution/workspace.

2. Inthe project le, statically and globally import the Console class, as shown in the following
markup:

<ltemGroup>
<Using Include="System.Console™ Static="true" />
</l1temGroup>

3. Addanewclass le name Program.Methods.cs.
4. In Program.Methods.cs, de ne a partial Program class with a partial method with a string
parameter, as shown in the following code:

partial class Program

{

static partial void Message(string message);

}

5. InProgram.cs, delete the existing statements and then call the partial method, as shown in
the following code:

Message('Hello from some source generator code.™);









244 Observing and Modifying Code Execution Dynamically

In Visual Studio Code, in the obj/Debug/net7.0 folder, note the generated folder and
its subfolder GeneratingCodeLib/Packt.Shared.MessageSourceGenerator, and the
auto-generated le named Program.Methods.g.cs.

12. Open the Program.Methods.g.cs le and note its contents, as shown in the following code:

static partial class Program

{
static partial void Message(string message)
{
System.Console _WriteLine($"Generator says: "{message}"");
}
3

13. Run the console app and note the message, as shown in the following output:

Generator says: “"Hello from some source generator code.”

\/‘/’ You can control the path for automatically generated code les by adding a <CompilerG
eneratedFilesOutputPath> element.

Doing more with source generators
Source generators are a massive topic.

To learn more, use the following links:
Source generators design speci cation: https://github.com/dotnet/roslyn/blob/main/

docs/features/source-generators.md

Source generators samples: https://github.com/dotnet/roslyn-sdk/tree/main/samples/
CSharp/SourceGenerators

Source generators cookbook: https://github.com/dotnet/roslyn/blob/main/docs/
features/source-generators.cookbook.md

Practicing and exploring

Test your knowledge and understanding by answering some questions, getting some hands-on practice,
and exploring with deeper research into the topics in this chapter.

Exercise 6.1 — Test your knowledge
Use the web to answer the following questions:

1. What are the four parts of a .NET assembly and which are optional?
2. What can an attribute be applied to?
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3. What are the names of the parts of a version number and what do they mean if they follow
the rules of semantic versioning?

How do you get a reference to the assembly for the currently executing console app?
How do you get all the attributes applied to an assembly?

How should you create a custom attribute?

What class do you inherit from to enable dynamic loading of assemblies?

What is an expression tree?

© © N o g k&

What is a source generator?

10. Which interface must a source generator class implement and what methods are part of that
interface?

Exercise 6.2 — Explore topics
Use the links on the following page to learn more detail about the topics covered in this chapter:

https://github.com/markjprice/apps-services-net7/blob/main/book-1inks.md#chapter-6---
controlling-the-roslyn-compiler-reflection-and-expression-trees

Summary

In this chapter, you:

Re ected on code and attributes.
Constructed, compiled, and executed a simple expression tree.
Built a source generator and used it in a console app project.

In the next chapter, we will learn how to work with data stored in SQL Server.

Join our book’s Discord space

Join the book s Discord workspace for Ask me Anything sessions with the author.

https://packt. link/apps_and_services_dotnet7



Handling Dates, Times, and
Internationalization

This chapter is about some common types that are included with .NET. These include types for ma-
nipulating dates and times and implementing internationalization, which includes globalization and
localization.

When writing code to handle times, it is especially important to consider time zones. Bugs are o en
introduced because two times are compared in di erent time zones without taking that into account.
It is important to understand the concept of Coordinated Universal Time (UTC) and to convert time
values into UTC before performing time manipulation. You should also be aware of any Daylight Saving
Time (DST) adjustments that might be needed.

This chapter covers the following topics:

Working with dates and times
Working with time zones
Working with cultures

Working with dates and times

A er numbers and text, the next most popular types of data to work with are dates and times. The
two main types are as follows:

DateTime: Represents a combined date and time value for a xed point in time.
TimeSpan: Represents a duration of time.

These two types are 0 en used together. For example, if you subtract one DateTime value from anoth-
er, the result is a TimeSpan. If you add a TimeSpan to a DateTime, then the result is a DateTime value.
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Specifying date and time values

A common way to create a date and time value is to specify individual values for the date and time
components like day and hour, as described in the following table:

Date/time parameter Value range

year 1t09,999

month 1to 12

day 1 to the number of days in that month
hour 0to 23

minute 0to 59

second 0to59

millisecond 0to 999

microsecond 0to 999

An alternative is to provide the value as a string to be parsed, but this can be misinterpreted depending
on the default culture of the thread. For example, in the UK, dates are speci ed as day/month/year,
compared to the US, where dates are speci ed as month/day/year.

Lets see what you might want to do with dates and times:
1. Use your preferred code editor to create a new project, as de ned in the following list:

Project template: Console App/console
Project le and folder: WorkingWithTime
Workspace/solution le and folder: Chapter07

In Visual Studio Code, select WorkingWithTime as the active OmniSharp project.

In the project le, add an element to statically and globally import the System.Console class.

Add a new class le named Program.Helpers.cs and modify its contents, as shown in the
following code:

partial class Program

{

static void SectionTitle(string title)

{
ConsoleColor previousColor = ForegroundColor;
ForegroundColor = ConsoleColor.DarkYellow;
WriteLine("*");
WriteLine($"* {title}");
WriteLine("*");
ForegroundColor = previousColor;

}
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4. InProgram.cs, delete the existing statements and then add statements to initialize some special
date/time values, as shown in the following code:

SectionTitle("'Specifying date and time values™);

WriteLine($"DateTime.MinValue: {DateTime.MinValue}™);
WriteLine($"DateTime.MaxValue: {DateTime.MaxValue}");
WriteLine($"DateTime.UnixEpoch: {DateTime.UnixEpoch}');
WriteLine($"DateTime.Now: {DateTime.Now}");
WriteLine($"DateTime.Today: {DateTime.Today}");

5. Run the code and note the results, as shown in the following output:

DateTime.MinValue: 01/01/0001 00:00:00
DateTime.MaxValue: 31/12/9999 23:59:59
DateTime.UnixEpoch: 01/01/1970 00:00:00

DateTime.Now: 23/03/2022 13:50:30
DateTime.Today: 23/03/2022 00:00:00

The date and time formats output are determined by the culture settings of your

console app; for example, mine uses English (Great Britain) culture. Optionally, to
C/ see the same output as mine, add a statement to the top of your Program.cs, as
\”/ shown in the following code:

Thread.CurrentThread.CurrentCulture =
System.Globalization.Culturelnfo.GetCulturelnfo("en-GB");

Formatting date and time values

You have just seen that dates and times have default formats based on the current culture. You can
take control of date and time formatting using custom format codes:

1. Add statements to de ne Christmas Day in 2024 and display it in various ways, as shown in
the following code:

DateTime xmas = new(year: 2024, month: 12, day: 25);
WriteLine($"Christmas (default format): {xmas}");
WriteLine($"Christmas (custom format): {xmas:dddd, dd MMMM yyyy}'™);
WriteLine($"Christmas is in month {xmas.Month} of the year.');
WriteLine($"Christmas is day {xmas.DayOfYear} of the year 2024.'");
WriteLine($"Christmas {xmas.Year} is on a {xmas.DayOfWeek}.™);

2. Run the code and note the results, as shown in the following output:

Christmas (default format): 25/12/2024 00:00:00
Christmas (custom format): Wednesday, 25 December 2024
Christmas is in month 12 of the year.

Christmas is day 360 of the year 2024.
Christmas 2024 is on a Wednesday.
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Date and time calculations
Now, lets try performing simple calculations on date and time values:

1. Add statements to perform addition and subtraction with Christmas 2024, as shown in the
following code:

SectionTitle("'Date and time calculations');

DateTime beforeXmas = xmas.Subtract(TimeSpan.FromDays(12));
DateTime afterXmas = xmas.AddDays(12);

WriteLine($"12 days before Christmas: {beforexXxmas:d}");
WriteLine($"12 days after Christmas: {afterXmas:d}");

TimeSpan untilXmas = xmas - DateTime.Now;

WriteLine($"Now: {DateTime.Now}");
WriteLine("'There are {0} days and {1} hours until Christmas 2024.",
arg0: untilXmas.Days, argl: untilXmas.Hours);

WriteLine("'There are {0:NO} hours until Christmas 2024.",
arg0: untilXmas.TotalHours);

2. Run the code and note the results, as shown in the following output:

12 days before Christmas: 13/12/2024
12 days after Christmas: 06/01/2025
Now: 23/03/2022 16:16:02

There are 1007 days and 7 hours until Christmas 2024.
There are 24,176 hours until Christmas 2024.

3. Add statements to de ne the time on Christmas Day that your children (or dog? Or cat? Or
iguana?) might wake up to open presents, and display it in various ways, as shown in the
following code:

DateTime kidsWakeUp = new(
year: 2024, month: 12, day: 25,
hour: 6, minute: 30, second: 0);

WriteLine($"Kids wake up: {kidsWakeUp}™);

WriteLine("'The kids woke me up at {0}",
arg0: kidsWakeUp.ToShortTimeString());

4. Run the code and note the results, as shown in the following output:

Kids wake up: 25/12/2024 06:30:00
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The kids woke me up at 06:30

Microseconds and nanoseconds

In earlier versions of .NET, the smallest unit of time measurement was a tick. A tick is 100 nanoseconds,
so developers used to have to do the calculations themselves. .NET 7 introduces milli- and microsecond
parameters to constructors, and micro- and nanosecond properties to the DateTime, DateTimeOffset,
TimeSpan, and TimeOnly types.

Lets see some examples:
1. Add statements to construct a date and time value with more precision than was possible and
to display its value, as shown in the following code:

SectionTitle("Milli-, micro-, and nanoseconds™);

DateTime preciseTime = new(
year: 2022, month: 11, day: 8,
hour: 12, minute: 0, second: O,
millisecond: 6, microsecond: 999);

WriteLine("'Millisecond: {0}, Microsecond: {1}, Nanosecond: {2}",
preciseTime.Millisecond, preciseTime.Microsecond, preciseTime.Nanosecond);

preciseTime = DateTime.UtcNow;

WriteLine("Millisecond: {0}, Microsecond: {1}, Nanosecond: {2}",
preciseTime.Millisecond, preciseTime.Microsecond, preciseTime.Nanosecond);

2. Run the code and note the results, as shown in the following output:

*

* Milli-, micro-, and nanoseconds
*

Millisecond: 6, Microsecond: 999, Nanosecond: 0
Millisecond: 243, Microsecond: 958, Nanosecond: 400

Globalization with dates and times
The current culture controls how dates and times are formatted and parsed:

1. Atthe top of Program.cs, import the namespace for working with globalization, as shown in
the following code:

using System.Globalization;
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for (int year = 2022; year <= 2028; year++)

{
Write($"{year} is a leap year: {DateTime.lsLeapYear(year)}. ");
WriteLine("'There are {0} days in February {1}.",
arg0: DateTime.DaysInMonth(year: year, month: 2), argl: year);
¥

WriteLine("'ls Christmas daylight saving time? {0}",
arg0: xmas. IsDaylightSavingTime());

WriteLine("'Is July 4th daylight saving time? {0}",
arg0: independenceDay. IsDaylightSavingTime());

5. Run the code and note the results, as shown in the following output:

2022 leap year: False. There are 28 days in February 2022.
2023 leap year: False. There are 28 days in February 2023.
2024 leap year: True. There are 29 days in February 2024.
2025 leap year: False. There are 28 days in February 2025.
2026 leap year: False. There are 28 days in February 2026.

2027 leap year: False. There are 28 days in February 2027.
2028 is a leap year: True. There are 29 days in February 2028.
Is Christmas daylight saving time? False

Is July 4th daylight saving time? True

DST is not used in all countries; it is also determined by hemisphere, and politics
\E// plays a role. For example, the United States is currently debating if they should

make DST permanent. They might decide to leave the decision up to individual

states. It could all get extra confusing for Americans over the next few years.

Localizing the DayOfWeek enum

DayOfWeek is an enum so it cannot be localized as you might expect. Its string values are hardcoded
in English, as shown in the following code:

namespace System

{
public enum DayOfWeek
{
Sunday = 0,
Monday = 1,
Tuesday = 2,

Wednesday = 3,
Thursday = 4,
Friday = 5,
Saturday = 6
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There are two solutions to this problem. First, you could apply the dddd date format code to a whole
date value. For example:

WriteLine($"The day of the week is {0:dddd}.", DateTime.Now);

Second, you can use a helper method of the DateTimeFormatInfo class to convert a DayOfiWeek value
into a localized string for output as text.

Lets see an example of the problem and solution:
1. Add statements to explicitly set the current culture to Danish and then output the current day
of the week in that culture, as shown in the following code:

SectionTitle("'Localizing the DayOfWeek enum™);

Culturelnfo previousCulture = Thread.CurrentThread.CurrentCulture;

Thread.CurrentThread.CurrentCulture =
Culturelnfo.GetCulturelnfo('da-DK™);

WriteLine("'Culture: {0}, DayOfWeek: {1}",
Thread.CurrentThread.CurrentCulture.NativeName,
DateTime.Now.DayOfWeek) ;

WriteLine('Culture: {0}, DayOfWeek: {1:dddd}",
Thread.CurrentThread.CurrentCulture.NativeName,
DateTime.Now);

WriteLine('Culture: {0}, DayOfWeek: {1}",
Thread.CurrentThread.CurrentCulture.NativeName,
DateTimeFormatinfo.Currentinfo.GetDayName(DateTime.Now.DayOfWeek));

Thread.CurrentThread.CurrentCulture = previousCulture;

2. Run the code and note the results, as shown in the following output:

*

* Localizing the DayOfWeek enum
*

Culture: dansk (Danmark), DayOfWeek: Thursday
Culture: dansk (Danmark), DayOfWeek: torsdag
Culture: dansk (Danmark), DayOfWeek: torsdag

Working with only a date or a time

.NET 6 introduced some new types for working with only a date value or only a time value, named
DateOnly and TimeOnly.
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These are better than using a DateTime value with a zero time to store a date-only value because it
is type-safe and avoids misuse. DateOnly also maps better to database column types, for example, a
date column in SQL Server. TimeOnly is good for setting alarms and scheduling regular meetings or
the opening hours for an organization, and it maps to a time column in SQL Server.

Lets use them to plan the coronation of the new King of England, Charles 111, probably during the
spring of 2023:

1. Addstatementstode nethe Kingscoronation, and atime for it to start, and then combine the
two values to make a calendar entry so that we dont miss it, as shown in the following code:

SectionTitle("Working with only a date or a time');

DateOnly coronation = new(year: 2023, month: 5, day: 6);
WriteLine($"The King"s Coronation is on {coronation.ToLongDateString()}.");

TimeOnly starts = new(hour: 11, minute: 30);
WriteLine($"The King"s Coronation starts at {starts}.");

DateTime calendarEntry = coronation.ToDateTime(starts);
WriteLine($"Add to your calendar: {calendarEntry}.");

2. Run the code and note the results, as shown in the following output:

The King®"s Coronation is on Saturday, 6 May 2023.

The King®"s Coronation starts at 11:30.
Add to your calendar: 06/05/2023 11:30:00.

Working with time zones

In the code example about the Kings coronation, using a TimeOnly was not actually a good idea
because the time-only value does not include information about time zone. It is only useful if you
are in the correct time zone. TimeOnly is therefore a poor choice for an event. For events, we need to

understand and handle time zones.

Understanding DateTime and TimeZonelnfo
The DateTime class has many useful members related to time zones, as shown in the following table:

Member Description

Now property A DateTime value that represents the current date and time in the
local time zone

UtcNow property A DateTime value that represents the current date and time in the
UTC time zone

Kind property A DateTimeKind value that indicates if the DateTime value is
Unspecified, Utc, or Local
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IsDaylightSavingTime
method

A bool that indicates if the DateTime value is during DST

ToLocalTime method

Converts a UTC DateTime value to the equivalent local time

ToUniversalTime
method

Converts a local DateTime value to the equivalent UTC time

The TimeZonelnfo class has many useful members, as shown in the following table:

Member

Description

1d property

A string that uniquely identi es the time zone.

Local property

A TimeZonelnfo value that represents the current
local time zone. Varies depending on where the code
executes.

Utc property

A TimeZonelnfo value that represents the UTC time
zone.

StandardName property

A string for the name of the time zone when
Daylight Saving is not active.

Dayl ightName property

A string for the name of the time zone when
Daylight Saving is active.

DisplayName property

A string for the general name of the time zone.

BaseUtcOffset property

A TimeSpan that represents the di erence between
this time zone and the UTC time zone, ignoring any
potential Daylight Saving adjustments.

SupportsDaylightSavingTime property

A bool that indicates if this time zone has Daylight
Saving adjustments.

ConvertTime method

Converts a DateTime value to another DateTime
value inadi erenttime zone. You can speci c the
source and destination time zones.

ConvertTimeFromUtc method

Converts a DateTime value in the UTC time zone to a
DateTime value in a speci ed time zone.

ConvertTimeToUtc method

Converts a DateTime value in a speci ed time zone to
aDateTime value in the UTC time zone.

IsDaylightSavingTime method

Returns a bool indicating if the DateTime value is in
Daylight Saving.

GetSystemTimeZones method

Returns a collection of time zones registered with the
operating system.

Exploring DateTime and TimeZonelnfo
Use the TimeZonelnfo class to work with time zones:
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*

* TimeZonelnfo.FindSystemTimeZoneByld("'AUS Eastern Standard Time')
*

Id: AUS Eastern Standard Time

IsDaylightSavingTime(DateTime.Now): False

StandardName: AUS Eastern Standard Time

DaylightName: AUS Eastern Summer Time

BaseUtcOffset: 10:00:00

*

* What"s the time in AUS Eastern Standard Time?

*

Enter a local time or press Enter for now:

31/05/2022 17:00:04 GMT Summer Time is 01/06/2022 02:00:04 AUS Eastern
Standard Time.

\/‘/’ Sydney, Australia, is currently nine hours ahead, so at 5pm for me, it is 2am on
the following day for them.

Working with cultures

Internationalization is the process of enabling your code to correctly run all over the world. It has two
parts, globalization and localization, and both of them are about working with cultures.

Globalization is about writing your code to accommodate multiple languages and region combinations.
The