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Preface

Building enterprise applications is a complex task that requires a
comprehensive understanding of the latest technologies and programming
languages. C# and .NET are powerful tools that have become increasingly
popular in the field of enterprise development.

This book is designed to provide a comprehensive guide to building
enterprise applications with C# and .NET. It covers a wide range of topics,
including the basics of C# programming, advanced concepts such as object-
oriented programming, and the use of the .NET platform for building robust
and scalable applications.

Throughout the book, you will learn about the key features of C# and .NET
and how to use them to build enterprise applications that are efficient,
reliable, and easy to maintain. You will also learn about best practices and
design patterns for building enterprise applications and will be provided
with numerous practical examples to help you understand the concepts.

This book is intended for developers who are new to C# and .NET and want
to learn how to build enterprise applications. It is also helpful for
experienced developers who want to expand their knowledge of these
technologies and improve their skills in building robust and reliable
applications.

With this book, you will gain the knowledge and skills to become a
proficient developer in the field of enterprise development using C# and
.NET. I hope you will find this book informative and helpful.

Chapter 1: Introduction to .NET- explains everything needed for the
reader to develop applications based on the .NET platform and C#
language, including detailed instructions on setting up local environments
and available tools to build and debug applications. Furthermore, the
chapter also gives the reader an overview of the .NET capabilities for multi-
platform development and walks through the most common project types
available in Visual Studio, including templates for web, desktop, and
mobile development.



Chapter 2: Status of the .NET Platform- presents a detailed overview of
the history of the .NET platform and shows the differences between
different versions of the framework over time, including explanations of the
evolution from the .NET Framework to .NET Core versions and the
consolidation of the .NET platform until .NET 7. This is essential content
for the entire book as this chapter covers fundamental aspects of the .NET
platform that influences technical decisions to build enterprise applications
and to understand important migration challenges between legacy versions
of .NET and newer versions.

Chapter 3: Cross-platform Applications- covers the cross-platform
characteristics of the .NET platform, including details on the most recent
changes in the compatibility of different types of .NET project types for
multiple operating systems and practical examples of generating Asp.Net
Core web applications that can be executed in Windows, Linux and macOS
operating systems. Furthermore, the chapter shows how to build self-
contained executables for Console and Desktop applications.

Chapter 4: The Object-Oriented Programming- allows the reader to
learn fundamental concepts related to the Object-Oriented Programming
paradigm using C# language, including good practices of software
development to develop stable, readable, and extensible code for robust
enterprise applications. Furthermore, the chapter explains SOLID principles
with details and practical examples and gives recommendations on using
inheritance, static classes, structs, and interfaces.

Chapter 5: Interfaces and Inheritance in C#- gives special attention to
inheritance and interfaces in C# language, demonstrating how to implement
robust and extensible applications and explaining concepts that help the
reader solve real complex problems in terms of design and definition of
classes in C# language through practical examples based on real scenarios.

Chapter 6: Basic Concepts of Design Patterns- shows basic concepts of
Design Patterns and provides practical examples for .NET projects based in
C# language to the reader. Learning Design Patterns allows the reader to
apply essential features present in .NET combined with the Object-Oriented
Programming paradigm. The chapter includes practical examples of Single,
Facade, Adapter, Observer, Builder, and Factory patterns.

Chapter 7: Operations, Loops,_and Iterations in C#- explains with
details and numerous practical examples how to do primary operations




using C# language, including operators, loops, and iterations. This chapter
also allows the reader to learn the basics of C# language, including
explanations of object types, manipulation of arrays and lists, switch
statements, and much more.

Chapter 8: Error Handling and Exceptions in C#- is dedicated to error
handling and exceptions in C# to give the reader more familiarity with the
main exception types and ways to prevent unexpected errors that can occur
in .NET applications. This chapter covers practical examples of working
with try-catch blocks and recommends applying robust error-handling
strategies when implementing basic programs in C#.

Chapter 9: Using and Understanding LLINQ- contains multiple practical
examples of using LINQ in C# applications and explains how developers
can create expressions, filters, and manipulate data in C# language for
objects based on List and Enumerable types.

Chapter 10: Unit Tests- covers creating, structuring, and applying unit
tests for programs based in C# language, including numerous practical
examples using the xUnit tool and concepts of Tet-Driven Development
(TDD). After reading this chapter, developers should be able to code unit
tests for legacy and new .NET projects using the xUnit tool and understand
the benefits and advantages of having a significant test coverage rate for
enterprise applications.

Chapter 11: New Features in C# 8.0 and 9.0- gives the reader opportunity
to learn the new features introduced in C# 8.0 and 9.0, including new
possibilities for switch expressions, default methods for interfaces, async
capabilities for each statement, advanced features to work with indices for
arrays, init operator for classes, records, and much more.

Chapter 12: Building_.NET Applications for Linux- explains and
demonstrates how to build .NET applications for Linux operating systems
using Visual Studio and Windows Sub-System for Linux (WSL), with
practical examples. The chapter also covers the benefits of cross-platform
development for project planning, including advantages for the hiring
process of development teams, market opportunities for cross-platform
development, and much more.

Chapter 13: Asp.Net Core Web API- covers how to build Asp.Net Core
Web APIs using C# language, including a detailed explanation of the nature




of HTTP requests, general API projects' characteristics, and the correct use
of HTTP Verbs. This chapter also shows the reader how to build and
configure minimal APIs in .NET.

Chapter 14: Blazor,_the Single Page Application of .NET- shows the
reader a detailed guide for the Blazor Framework, the Single Page
Application (SPA) project of the .NET platform for web development using
Web Assembly and C# language. Single Page Application became one of
the most popular patterns used to build modern and high-performance
applications, traditionally using JavaScript as the primary language. The
NET platform has introduced its own SPA, being possible to develop
powerful applications using C# language as the primary language,
combined with Web Assembly.

reader to the possibilities that the .NET platform provides for desktop,
console, and mobile applications, including details on how to correctly set
up the local environment for multi-platform development, with numerous
practical examples using the most common project types in Visual Studio.

Chapter 16: Azure Integration Services- covers essential aspects and
possibilities for integrating .NET applications with existing cloud services
on Azure. Modern software development involves knowledge of cloud
services architecture patterns suitable for distributed systems, allowing
developers to create scalable, reliable, and cost-effective applications in
terms of infrastructure. The .NET platform offers a wide range of libraries
and packages to facilitate integration with Azure cloud services. For this
reason, this chapter gives the reader practical examples of working with
Azure Functions, Azure Storage, and other cloud resources.

Chapter 17: Authentication in Asp.Net Core- explains and demonstrates
authentication concepts for Asp.Net Core applications in general, including
Web APIs and Authentication for Blazor apps. Security is one of the main
aspects of any web application these days. Data confidentiality and trust are
key elements for any successful business with software development as it is
core. Given that, this chapter prepares the reader to apply authorization and
authentication concepts in a recommended way for Asp.Net Core
applications.

Chapter 18: Introduction to Entity Framework Core- introduces the
reader to the Entity Framework Core, with numerous examples of



integrating .NET applications with databases, including demonstrations of
performing CRUD operations in basic applications. This chapter also
covers details on Object Relational Mapping (ORM) concepts in general
and shows how to use LINQ queries in combination with Entity Framework
Core.

Chapter 19: Good Practices for .NET Applications- covers good
practices that can be applied to any .NET project, including dependency
injection, logging, exception handling, and performance enhancements.
After studying this chapter, the reader should be able to understand how to
monitor production environments using logging, how to apply dependency
injection in .NET applications, how to plan an excellent strategy to create
reliable applications with a recommended approach for exception handling,
and much more.

Chapter 20: Architecture Concepts for .NET Applications- explains
concepts of software architecture that can be applied to .NET applications
to develop robust applications and face the challenge of defining the
extensible and reliable architecture for enterprise applications, including
particular decisions around the platform, DevOps, microservices, cloud
architecture, and design patterns.

complete hands-on project approach that allows the reader to apply all the
concepts learned throughout the book. The chapter follows a step-by-step
approach, showing how to build a Blazor application using Entity
Framework Core, Authentication, and much more.
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CHAPTER 1
Introduction to .NET

Introduction

With this chapter, we are starting our journey into the cross-platform and modern
.NET. The .NET platform has changed since 2016 to provide powerful libraries
that allow us to build applications for any operating system and even multiple
devices, taking the benefits of the best software development practices.

In this chapter, you will learn how to set up your local environment to build .NET
applications using Visual Studio or Visual Studio Code, and you will also have
the opportunity to get familiar with basic concepts of multi-platform development
for Linux, macOS, and other operating systems.

Structure

In this chapter, we will discuss the following topics:

e Tools and environment setup

e Installing Visual Studio

e Installing Visual Studio Code

 Introduction to Visual Studio

 Introduction to Visual Studio Code

e Understanding Multi-Platform concepts

e Overview of project types on the .NET platform

Objectives

After studying this unit, you should be able to install and set up the Visual Studio
IDE and Visual Studio Code, understand multi-platform concepts and discuss the
available .NET project types.

Tools and environment setup




To get started with software development in .NET and C#, you must install the
most recent version of Visual Studio, a complete Integrated Development
Environment (IDE) for creating, compiling, and building your .NET projects.
Visual Studio is available for Windows and macOS, both of which are available in
the Community Edition for studying. The tool can be downloaded from the
official Visual Studio Website.

Furthermore, Microsoft has provided Visual Studio Code, an alternative light
version of the editor for .NET and C# applications, which is available not only for
Windows and macOS but also for various Linux distributions. Considering this
editor is an open-source extensible project, the technical community, IT
professionals, and companies around the globe have created tons of free
extensions for different languages apart from C# itself. Therefore, it is a suitable
tool for cross-platform applications without compatibility concerns. The Visual
Studio code can be downloaded from the official Website for free.

Installing Visual Studio

After downloading Visual Studio on the official Website, you must take the
following steps for the installation:

1. Double click on the downloaded executable file. Ensure your user on the
operating system has permission to install the software.

2. Choose the desired workloads to be installed and set up together with the
Visual Studio. For the examples of this book, the following workloads must
be installed:

e Asp.Net and Web development
e Azure development
.NET Desktop development
Universal Windows Platform development

.NET cross-platform development
Mobile development with .NET

The necessary workloads for the development of all the code samples along
with this book are presented in Figure 1.1:
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Figure 1.1: Visual Studio workloads

3. After choosing the necessary workloads, click on the install option.

4. Usually, Visual Studio is configured to use the same language as the
operating system language. If you would like to set up a different one, you
can do that in the Language Packs option, where other ones will be
available. For the examples of this book, the Visual Studio was configured
to the English language.

5. After finishing the installation, you can already create .NET projects.

Note: Once Visual Studio is installed, you don’t need to install the latest
stable version of .NET SDK, as it is already part of the Visual Studio
installation. By default, the Visual Studio updates follow the newest
features introduced into .NET, such as library updates, minor and
significant changes, and new project templates. Even though the library
updates do not automatically apply to your existing projects, each project
targets a specific .NET version, and the Visual Studio updates modify just
the IDE and not the project configurations.

Installing Visual Studio Code

Visual Studio Code is a cross-platform alternative to Visual Studio IDE, and it is a
good option if you want a lightweight editor for .NET projects. The companies
and communities have provided extensions that allow us to work with many
distinct languages, and it has become one of the most popular editors for software




developers. Also, it is available for any operating system, such as Linux, macOS,
and Windows. After downloading the executable from the official Website, you
must take the following steps:

1. Double click on the downloaded executable file. Ensure your user in the
operating system has permission to install the software.
2. Download the Visual Studio extension for C# and Azure, as shown in
Figure 1.2:
File Edit Selecion View Go Debug Terminal Help

EXTENSIONS.

C# 1210 PEAM A

C# for Visual Studio Code (powered by OmniSharp).
Microsoft

Azure App Service 0152
An Azure App Service management extension for Visual Studio Code.
Microsoft

Figure 1.2: Visual Studio Code extensions

You must have an Internet connection to search for the extensions on the
Extensions tab. After typing the extension name, just choose the install
option to complete the process.

Introduction to Visual Studio

Visual Studio is a powerful integrated development environment that allows you
to create, build, debug, and deploy your .NET applications in one place, including
access to external resources such as databases and Azure features. Also, it
contains many project templates to get started with software development,
including project types based on .NET. To access those templates, just click on the
File option on the superior menu and choose the options New Project, as shown in
Figure 1.3:
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Figure 1.3: Visual Studio Code extensions

As seen in Figure 1.3, the most popular project templates for .NET, such as the
Console App application, Asp.Net Core Web API Application, and Blazor App,
are available after installing Visual Studio. Each project template has other sub-
types to choose from. Those templates are time-saving and help to configure and
create new projects using Visual Studio.

Tip: Open-source communities, companies, and individual developers share
many free extra templates on the Visual Studio Marketplace website. Also,
Visual Studio extensions for many purposes can be downloaded on the
same Website to get the best experience in software development and get
integrations with third-party tools. They are also available for Visual
Studio and Azure DevOps.

After creating a simple project from the template list, you are redirected to the
integrated environment for developing your code, having in a common place the
text editor with code suggestions support and access to files and external
resources, as shown in Figure 1.4:
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Figure 1.4: Visual Studio features

You can access your solution's existing folders and files on the Solution Explorer
sidebar. Also, it is possible to see all the linked projects in case you have multiple
ones as a part of the software development. As seen in Figure 1.4, the Editor
sidebar is where you develop your code. It can get tips on code syntax,
indentation, code suggestions, previous codification error messages, and navigate
into classes, functions, and methods. The editor is customizable, and many
settings, such as background color, contrast, and font size, can be changed.

Finally, on the Server Explorer sidebar, it is possible to connect to external
resources, databases, servers, cloud resources, and on-premise features. That way,
you can keep all the work in a unique and shared place, which has great value in
getting high productivity.

In the Toolbar, represented in Figure 1.5, there are options to run the application,
save pending changes, modify the debug mode, comment code lines, open new
files, and undo recently added code in the editor:

O Fie Edit View Projet  Buld Debug Team Test Anakge ook Extensions Window  Help  SeochiCuliC 2

B B D - | Debug ~ AnyCPU - B ConsoleppiPe = | @ | B iR 3w (A 9 =

Figure 1.5: Visual Studio toolbar

In the next section, you will learn about Visual Studio Code, a multi-platform IDE
option to develop .NET applications.

Introduction to Visual Studio Code




Visual Studio Code seems to be quite different from Visual Studio 2019, but both
of them have the exact same purpose: create, debug, build, and deploy
applications made using many languages and resources. At its core, it contains
many extensions to simplify our routine as developers. The main difference
between Visual Studio 2019 and Visual Studio Code is regarding cross-platform
development, once Visual Studio Code is available not only in Windows and
macOS operation systems, but it is also ready to use in Linux. Another relevant
aspect is the performance of this editor compared to a fully integrated
development environment. On the other hand, you must enable individual
extensions and components according to what you need to develop your software.
Figure 1.6 shows how the main screen of Visual Studio Code is configured:

Explorer

Figure 1.6: Visual Studio Code

You can access all your project's existing folders and files on the Explorer sidebar.
Also, it is possible to see all the linked projects in case you have multiple ones as
part of the software development process. As seen in Figure 1.5, the Editor
sidebar is the place where you develop your code and can get tips on code syntax,
indentation, code suggestions, previous codification error messages, and navigate
into classes, functions, and methods. The editor is customizable, and many
settings, such as background color, contrast, and font size, can be changed.
Considering you have installed the C# language extension, the editor is ready to
highlight the most important parts of your underlying code, showing in distinct
color classes, methods, primitive types, and static text such as String, Integer, or
even the custom classes you will create. Different extensions were released as
open-source projects for other programming languages, but for all the examples in
this book, the C# extension is enough to get the desired results.



The Visual Studio Code is a command-line-based editor. Once you are familiar
with the commands, you can benefit from quickly running your application and
building and creating new files without using mouse clicks. It is essential to be
productive and manage your development environment better. All the commands
can be executed on the Terminal sidebar, and the output window is shown the
results and the status of the commands. Because of the facility to use the editor
combined with command lines by a terminal, Visual Studio became the most
popular software editor in the world, and it has been well received even by
developers who do not use .NET Core and C# for software development.
Considering the editor is a cross-platform and open-source project, it has been
broadly used by Linux users and for software development in various
programming languages and platforms.

Furthermore, Visual Studio Code supports deployment and source control and is
easily integrated with GitHub, Gitlab, and Azure DevOps.

Note: Visual Studio was the IDE used to create, run and build all the code
examples of this book, but you can get the same result similarly using

Visual Studio, using the command lines present in the appendices of this
book.

The traditional and complete Visual Studio 2019 IDE version depends on the
existent specification in files whose extension is .sln (solution file) and specific
extensions for projects such as .csproj for C# library projects. Although Visual
Studio Code allows you to run code by only opening simple folders and files,
which is helpful in case you want just to run other languages apart from Microsoft
technologies.

Visual Studio Code is more flexible regarding productivity and menu options. It
contains many pre-defined commands to get files, search across files and
contents, debug and deployment options, and manage and add new extensions, as
shown in Figure 1.7:

) P Edit Selection View Go Debug  Teminal - Help

= File explorer Cirl+3hi

~ Launch and debug Cirl+3hift

=~ Manage extensions Ctrl+Shifl+X " Find and run all commands Ctrl+Shift«P




Figure 1.7: Visual Studio Code - User Interface

In the next section, you will be presented with multi-platform concepts related to
the ability to develop applications for multiple operating systems, devices, and
cloud providers.

Understanding multi-platform concepts

With the beginning of cloud-based applications in the last decade, the market
competition significantly changed from a battle for a software license to cloud
system infrastructure services to support the high demand for scalability, modern
applications, big data, globalization, and an open market. Therefore, the interest
in profitability is no longer focused on operating systems but on reliable
infrastructure, as many companies are changing their business model to provide
solutions based on the Software as a Service (SaaS) concept.

Nonetheless, big IT companies are still releasing and creating new operation
systems, the attention is entirely on open-source projects nowadays, and any
modern application must be able to run on Linux, macOS, and Windows
platforms. Furthermore, with the rise of the Internet of Things (IoT), the types
of devices where applications can be run are much more diverse, making the
software development process more complex. Not long ago, every Web
developer's biggest concern was successfully running the same application in
multiple different browsers properly, which still represents a considerable
challenge. But, although web applications are accessed from multiple operating
systems, usually, the application is hosted in a server whose specifications are
under control, using a single operating system and platform. This scenario rapidly
moved to another more complex one, based in a cross-platform environment to
have more compatibility, decrease costs, and deliver applications faster to more
relevant users across the globe, using a micro-service architecture.

Therefore, to meet these new requirements, Microsoft provided the .NET Core
platform. This rich and powerful technology was made to run everywhere and in
any operation system, rewriting all the libraries presented on the .NET
Framework and getting better results in terms of performance. At the very
beginning of the C# language and .NET Framework, they were made entirely to
support only the Windows platform, which was an explicit limitation for adoption
in the market because in specific scenarios, such as building Desktop applications,
the projects of this type require to be written twice or even more times
redundantly and, therefore, increase the costs of any project.

Building applications using .NET Core allows you to write a unique application
that can be hosted on any platform in many types of devices and distinct cloud



infrastructures and to consume it in plenty of Web APIs. It represented a
revolutionary change for the .NET world and placed this technology in a
prominent position in the market. Also, another important movement of .NET was
the fact that it became an open-source project. So, individuals, companies, and
academic institutions could contribute to the platform's evolution, and since it
became true, the .NET community has been one of the most active communities
in the world.

Overview of principal project types in .NET

To get started with .NET Core, we must be aware of the main type of projects it
supports. Along with the examples in this book, you will have the opportunity to
create various types of applications for multiple platforms (Web, Desktop, and
mobile). This section only represents a brief overview of all the types used for
building enterprise applications. By default, Visual Studio already contains
specific project templates to facilitate the creation of .NET Core projects. Some of
them are provided by Microsoft, and others by the technical community as open-
source projects.

Once you start a new project using Visual Studio, the following options will be
available, as shown in Figure 1.8:

All languages > All platforms > All project types v
All languages | Al platforms All project types =
C# Android Add-in
C++ Azure Cloud
F# i0S Console
Java Linux Desktop
JavaScript macOSs Extensions
Python tvO5 Games
Query Language Windows loT
TypeScript Xbox Library
Visual Basic . Machine Learning
Mobile =

Figure 1.8: Visual Studio Project options

As you can see, a wide variety of programming languages, platforms, and project
types are available for .NET applications, including mobile app development,
desktop applications, Web development, machine learning, and games.



To get started with the .NET project types, we will create a simple Console App,
a standard project for desktop applications that allows us to run applications in the
background and integrate them with simple user interaction. After opening Visual
Studio and accessing the project type list (Figure 1.8), you must choose the C#
language and Windows platform to create the project. It will filter the results to
show only the suitable types. Additionally, you can type the word “Console” in
the search box. That way, you will get the Console application template types, as
shown in Figure 1.9:
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Figure 1.9: Console Application

If you are unfamiliar with C# language, it will be your first opportunity to get
started with the language, structure, keywords, and statements. Once you confirm
the project's name in the application creation dialog and make it to the following
steps, the result is a simple Console Application containing only one class called
Program.cs. To see the content of the class, just open the file by double clicking
on it, and Visual Studio will show the class in the code editor section, as shown in
Figure 1.10:
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Figure 1.10: Console Application

Namespaces organize every C# application, referred to in Figure 1.10 in the first
line. A regular enterprise application might have a lot of libraries, packages, and
various used namespaces for different purposes. Their names and paths follow a
logical sequence hierarchically, and they might belong natively to the C#
language as the namespace System. Other ones could be long to a custom or third-
party implementation.

Tip: Following and using good name conventions for namespaces, classes,
methods, and variables is one of the most important best coding practices,
and it is valid for any programming language. Always use meaningful
names across the system, applying the Camel Case pattern for classes (for
example, MyBpbBook) and Upper Case for constants (for example,
MAX_ITEMS_ORDER = 3). Make your code easy to read by others and
even by yourself.

Line 3 contains the custom namespace reference for our project
(ConsoleAppBook), and it usually is the name of the project or the company
organization name, depending on the architecture of the application and the
technical decision made by the team. By default, the Console application has a
main class called Program and a static method called Main, which will run once
the application is started. The content of the Main class in the example is a
Console.WriteLine, a method that will print the content “I’m learning .NET Core”
on the screen and the Console.Read will ask the user for a typed entry.



Once it is running by Visual Studio using the option “Start Debugging” in the
Debug superior menu option, the application starts, and it shows in the console
the printed phrase specified in the method “Main,” as shown in Figure 1.11:

Ch\ConsoleAppBook\bin\Debug\netcoreapp3.1\ConsoleAppBook.exe

T'm learning .NET Core!

Figure 1.11: Console Application debug

Another known type of project template in the .NET platform is the Windows
Form project, which allows us to create rich desktop applications using visual
components, easily integrated with native desktop components for Windows and
other platforms. The first version of .NET Core (1.0 and 2.x) did not support
Windows Form applications, but it was fully introduced in .NET Core 3.0 version
with relevant improvements if we compare it to the legacy .NET Framework
version. One of the most relevant improvements is related to self-contained
executable files. The application is built with self-contained mode enabled, and
the .NET Core will generate a single file with all the libraries and files the
application uses. The executable will contain all the necessary project
dependencies, such as .NET Core libraries and third-party implementations.
Therefore, the machine where the application will be installed does not need to
have any extra library or .NET Core installation. The executable contains
everything necessary. It facilitates the deployment, installation, maintenance, and
even software updates in any environment, and it works appropriately for
Windows operating systems and even for Linux and macOS.

To get started with the creation of Windows Form applications, you must go to the
creation template dialog already shown in this chapter, search for windows form,
and the results will show the Windows Form project type as a suggestion, as
demonstrated in Figure 1.12:
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Figure 1.12: Windows Form

Visual Studio provides an extensive list of visual components that can be used in
Windows Form applications. The available list is helpful because almost all
enterprise applications share the same or at least similar visual components.
Among them are specific ones for common form controls such as TextBox, Label,
and ListView. It also contains many options for native operation systems features
such as media player, embedded browser, file and folders manipulations, and
much more. To access the complete available list, go to the left sidebar on Visual
Studio and open the Toolbox tab.

You can drag and drop components directly into the form and change their
properties visually or access the property tab, selecting a component and clicking
on the Properties tab in the right sidebar, as shown in Figure 1.13:
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Figure 1.13: Windows Form

To include a logical statement to your components, you must double click on the
control to access the source code control associated with the component. Each
visual control has custom events associated with the component type. Considering
you can start your logical coding in a design mode, Windows Forms is one of the
easiest ways to learn C# language because you can quickly see the results of your
code working. Also, once the project is created in Visual Studio, the program is
ready to run without extra configurations, increasing productivity and
deployment. As a cross-platform solution, a Windows Forms application built in
.NET Core is ready to be used and installed on any platform, such as Linux,
macOS, and Windows operation system.

To get started with Windows Form application development, once you have
created the application on Visual Studio, drag and drop a TextBox and Button
controls to the form, and you can position those as you want. Selecting each
control, just go to the Properties tab on the right sidebar and change the “Name”
property to “txtName” for the TextBox and “myButton” for the button control.
After doing that and pressing the “start” button on the superior toolbox, the
Windows Form application will run, and the design is going to look like Figure
1.14:
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Figure 1.14: Windows Form

As a concept and following a programmer's perspective, the Windows Forms
project type was made simple and fast to create. Unlike Web development, you
can create in visual mode all the screens of your system and code just the logical
part of the events, methods, and buttons such as database call operations,
communicating with external API’s or even making business operations to meet
the user system requirement.

Once you have brief contact with two desktop project types in .NET Core
(Console and Windows Forms), there are other project types that you must know
regarding Web Development. The first is the Asp.Net Core Web API project
type, which allows us to create Application Programming Interface (API)
applications based on REST, meeting all the most modern requirements for Web
Services, security, and performance.

Tip: REST is the contraction of Representational State Transfer, a standard
architecture to build and define Web Services. The most significant
advantage of this approach is the interoperability across many languages
and platforms. Also, modern Web APIs are mainly based on JSON
(JavaScript Object Notation), a broadly used pattern for data object
transfer between systems. All modern languages provide methods to handle
JSON objects properly. It became the most popular way to integrate
systems.



To create a Web API project in .NET Core, you must search Asp.Net Core on the
search box in the Visual Studio project creation dialog, give it a name, and it will
be redirected to the list of available Web project types in .NET. Choose the API
type and finish the final step, as shown in Figure 1.15.
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Figure 1.15: Windows Form

Once the creation is complete, the Visual Studio generates a Web API with a basic
structure based on Model View Controller architecture, which will be explained
further in this book. Each API has multiple methods called endpoints as well.
Each exposed method could contain security settings, allow HTTP verbs to be
configured, and also logical programming to make the necessary operations
according to the main target of each endpoint. To create a new endpoint, you must
take these steps:

1. Create a new Controller by clicking the right mouse button on the Controller
folder shown in the Solution Explorer right sidebar. There are a few
Controller types, but it needs to be of the kind of API Controller Empty.

2. Give a name to the Controller, for instance, “CustomerController,” and save
it.

3. The Visual Studio will generate a Controller class without a method. To
insert one, create a public method that returns a string type and an



underlying string content for the test.

4. After creating a public method, it is necessary to specify the HTTP Verb
allowed for this method instance, HttpGet, which specifies that this method
should be called using the GET method by the application which will use
this API. Usually, different HTTP Verbs are used for distinct purposes: for
example, POST is used for inserting data, and GET retrieves data by the
API.

5. Once all the steps are done, your code will look like Figure 1.16:
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Figure 1.16: Web API code

For organizational purposes, all the controllers in a Web API project usually share
the same namespace as WebAPIBook., as you can see in line 8. Also, each
Controller must use Annotations above the class name to indicate to the .NET
Core application “Apicontroller” that this Controller should be accessed as a
Web API endpoint. Additionally, you can specify the route or path for accessing
all the methods in this Controller. In this example, the route is the domain
followed by the suffix API, controller name, and method name, as shown in line
10. After running the project, the path for this example will be
http://1ocalhost/api/customer/getname. Running the application over this URL,
the result is the one shown in Figure 1.17:
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Figure 1.17: Web API result

The API method returned the content specified on it, respecting the type of return
and the custom logic implemented. In more complex scenarios, which you will
implement further following the samples in this book, the API would get a
customer name connecting to a database and populate a Customer object to return
the data. The Controllers usually contain logical programming targeting other
layers in the applications.

Another common project type in .NET Core is the traditional Asp.Net Core
Model View Controller (MVC) project, one of the most popular templates in
Visual Studio, considering that it has been primarily used by many companies,
even for the migrated projects from legacy .NET Framework versions.

Tip: The Model-View-Controller pattern is one of the most famous
architectures for Web applications, not only in the .NET Core platform.
This approach follows essential programming practices, such as separating
responsibilities between application layers. It is helpful to scale the system
in complexity and keep parallel teams working on the same project without
huge impact or merging issues.

To get started with the Asp.Net Core MVC project, you must create a new project
of that kind on Visual Studio. In the creation project dialog, as shown in Figure
1.18, search for Asp.Net and choose the Asp.Net Core Web Application option.
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Figure 1.18: Asp.Net Core MVC project

In the next step, after defining the project name, choose the template called Web
Application (Model View Controller). Once the project is created, Visual Studio
generates the default folder and file structure for a standard MVC application. The
project has three main folders: Model, View, and Controller, respectively
correspond to the MVC architecture.

The Model is responsible for keeping the state of the application according to
specific system requirements, and the other layers of the application are
responsible for populating and managing the model correctly. The View is
responsible for rendering the user interface, such as HTML, CSS, and JavaScript.
By default, in Asp.Net Core MVC projects, the Razor engine is used to mix .NET
Core code with HTML. This approach makes it possible to implement and use
logical programming in C# inside the Views and interact with HTML elements.
Finally, the Controller manages the routes and user actions such as page requests,
form submissions, and other data request types and user interactions. Once the
user requests an action, it is managed by a specific Controller depending on the
path specified and associated with it. Each Controller could contain and support
many actions, each having its responsibility and logical programming
implementation.

To create your first custom MVC application, take the following steps:

1. In Visual Studio Solution Explorer, click on the right mouse button on the
Models folder and choose the option to add a class giving the name “Book.”
It will generate an empty book class. You must create the properties of the
class, as shown in Figure 1.19:



As you can see in Figure 1.18, two properties were created for the Book
class: Id and Title. They will be used to render the book information on the

B AspNetMVCBoak -1 AspNetMVCBook.Models.Book
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11 public string Title { get; set; }
12 }
13 [3

Figure 1.19: Book Model

View after the Controller has done the logical process.

. On Visual Studio Solution Explorer, click the right mouse button on the
Controllers folder and choose the option to add an empty MVC Controller,
giving the name “BookController.” It will generate an empty controller
class. By default, the scaffolding functionality generates an Index method
without implementation. As the purpose of this example is to show a book
in the View, we must implement it in the Controller, returning to the View
an instance of the Book model class. To get this result, the class should have

the following implementation in Eigure 1.20:
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Figure 1.20: Book Controller

As you can see in Figure 1.20, an instance of the Book class was created
inside the Index method with the properties populated with specific sample
values. As the View will use that information, the book object was passed as
a parameter in the return View instruction in line 16.

. The last step is creating the View to have a complete MVC sample. Click
the right mouse button on the Views folder and create a new folder called
“Book.” In Asp.Net Core MVC applications, the Views folder is strongly
associated with the Controllers. All the Views that the specific Controller
will handle should be placed in a folder with the same controller name
inside the Views folder. Each action that returns a View must be present in
the view folder associated with the Controller. After creating the book
folder, add a new View file by clicking the right mouse button on the Book
folder and choose the option View giving the name “Index,” whose value is
the same as the existent method in the Book Controller.

Considering the View contains HTML code and can interact with the server-
side code using the Razor engine, a View must mix Razor code syntax and
the necessary code to make the presentation part of our project. Also, as the
sample controller has a method that returns a populated book object to the
view, you must refer to which type of model is associated with the view at
the top of the file, and you can call the model properties using the Razor
statement, as shown in Figure 1.21:
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Figure 1.21: Book view

Between lines 6 and 10, there is the necessary code to show the book information
properties with the values populated by the Controller. The View only receives the
data from the Controller, and it is not recommended to have that much logic
implementation on it, as the primary responsibility of the view is to render data
and present it to the user. Finally, after running the project on Visual Studio and
typing the path of our Controller (book following by the index), it is possible to
see in Figure 1.22:

| Index - AspNetMVCBook x -+
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AspNetMVCBook Home Privacy

My Book

Book Id: 1
Book Title: Building Enterprise Applications with .NET Core

Figure 1.22: Book view

Another pretty popular project type for .NET Core applications is the Razor
pages template, it allows us to benefit from the Razor engine, but with a complete
MVC architecture not being mandatory. This type of project is suitable for small
and straightforward projects or just needs a presentation layer consuming external



APIs, considering the huge complexity of logical programming is delegated to a
third project.

To create a Razor Pages project, go to the Visual Studio creation project dialog,
choose the Asp.Net Core Web Application, and then the Web Application type. A
simple Web project will be created containing a folder called Pages, where your
views will be placed. As shown in Figure 1.23, the structure is more
straightforward than an MVC project and does not follow any architectural
pattern.
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Figure 1.23: Razor pages

You must refer to their code inside the Razor Page to use models and controllers
associated with the views. Each page contains its logic implementation and can be
considered an independent component. It is a good option for simple data input
and for non-complex logic operations. Also, this project type increases the time
spent in building applications because it does not require configuring routes and
strongly naming folders and files in the correct places.

Each view has associated its server-side code file with the same name but with the
.cs extension. You must place all the logic implementation and model references
in this .cs file, similar to what was done with the Book example. Also, it can have
multiple methods associated with the page, different from the MVC approach,
where there is a strong relationship between the controller action and the views.



For that reason, the Razor pages project is considered more flexible and manly in
simple contexts.

Tip: Considering that many legacy projects were developed using the
obsolete Asp.Net Web Forms project type from .NET Framework, it is
common to read articles and presentations comparing the old Asp.Net Web
Forms and Asp.Net Core Razor Pages. However, they are entirely different
in their essence. The Razor Pages are not based on the Postback concept
and do not keep the view state in the server in all the page life cycles.

The .NET Core 3.0 officially introduced the Microsoft Blazor template to the
Web project types. This project uses WebAssembly and Razor engine to create
powerful client applications running server-side code directly on the browser.
Usually, a regular system based on Web technology renders to the client-side only
HTML, CSS, and JavaScript. In a Blazor project, it is possible to run C# code
directly on the browser. This type of .NET Core project will be explained in rich
detail in Chapter 14 “Blazor, the Single Page application of /NET Core”, where a
full demo will be made step by step.

Also, among the available project templates on Visual Studio, there are many
mobile and game development options. The first one is based on Xamarin, a
framework that allows us to create multi-platform mobile applications for
Android and iOS using only C# language. It is an impressive engine that made it
possible to create a single app and generates the underlying native code for
Android and iOS platforms, increasing the productivity and the adoption of the
NET platform by mobile developers who traditionally use Java or Apple
technologies to build their Apps. For game development, it is possible to use
Unity 3D using C# and reuse all the native libraries from .NET Core.

Conclusion

As seen in this chapter, the .NET platform contains a wide range of project types
that allows us to create enterprise applications for multiple platforms and various
types of devices, taking all the benefits of the templates already present in Visual
Studio installations. Visual Studio is a powerful IDE that contains everything
developers need in a single tool, including options to connect to databases, cloud
resources, and many more features.

In the next chapter, you will have the opportunity to learn details on the state of
the art on the .NET platform in terms of versions, its history, and an overview of
current features and possibilities using the latest .NET version.



Points to remember

e Visual Studio Code is a multi-platform, open-source version of Visual
Studio, which runs on Linux, macOS, and Windows.

e The Visual Studio IDE is currently available for Windows and macOS
operating systems.

e The built-in Visual Studio templates can speed up the development of many
project types, such as Windows Forms, Web APIs, Blazor applications, and
others.

Multiple-choice questions

1. Which language given below is not supported in Visual Studio?

a. C++
b. Java
c. F#
d. Objective C
2. Which project type supports the creation and exposure of endpoints
over HTTP protocol?
a. Blazor
b. Console
c. Web API
d. Razor
3. Which type of project can be used to share resources and
implementation across multiple .NET projects?
a. Class library based on .NET Standard
b. Console application
c. Windows Forms
d. None of the above

Answers

1.d
2.¢C




3.a

Questions

1. Explain the difference between .NET Framework and .NET Core.
2. Describe in your own words the concept of multi-platform development.
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CHAPTER 2
Status of the .NET Platform

Introduction

The .NET platform has transformed into a modern cross-platform
technology that allows us to create applications that run on any operating
system and multiple devices. Understanding the history of .NET versions is
vital to make bold decisions on which version to choose for developing and
building world-class enterprise applications.

In this chapter, you will have the opportunity to familiarize yourself with the
previous versions of the .NET Framework, find out how the change to .NET
occurred, and what the expected future is for this platform.

Structure

In this chapter, we will discuss the following topics:

e History of the .NET Framework
e The .NET Core versions
e From .NET Core to .NET 7

Objectives

After studying this unit, you should be able to understand the current status
of the .NET platform. We will also discuss the difference between .NET
Framework and .NET Core and understand multiplatform concepts.

History of the .NET platform

The .NET platform was created long before Web applications became
popular and even before the first version of the C# language. If we pay
attention to the massive adoption of .NET nowadays, it gives the impression
that the scenario was always like this, especially for those who did not




experience software development around the beginning of the 1990s.
Looking back almost three decades ago, when other programming languages
like Java and PHP stood out, the first for generalist cross-platform software
development and the second for Web applications, it seemed essential for
Microsoft to enter this great market of development tools. The first version
of the .NET platform was launched as a beta product in 2000. And finally, in
February 2002, the official 1.0 version was released, supporting Windows
98, Millennium, and XP. The most important feature of the first version was
the Common Language Runtime (CLR), which allowed us to create .NET
applications using more than one programming language. The .NET
platform could execute it using CLR and convert it into Common
Intermediate Language (CIL), also called Intermediate Language (IL).
Therefore, sharing libraries in C# and components in Visual Basic was
possible in the same project. Being able to use multiple programming
languages in the same program did not necessarily mean being able to create
multiplatform software using .NET, whereas it was possible to run and
develop .NET Framework applications only on the Windows operating
system.

In the second quarter of 2003, the first relevant update to the version .NET
framework version (NET 1.1) was released, and the support for Open
Database Connectivity (ODBC) was introduced, following standard
requirements for database integrations in .NET applications. Up to this point,
the .NET platform did not have wide adoption on the market, and essential
features were released to meet the most modern software development
demands and trends.

In January 2006, Microsoft launched version 2.0 of the. NET Framework and
other vital tools and products, such as Visual Studio 2005, a more stable
release of the new SQL Server database 2005, and Biz Talk. One of the most
significant improvements of this version was the support for 64-bit computer
architecture and new features in C# language, such as a partial class, new
authentication options for Asp.Net, and ‘Data table’ objects, which allowed
us to make database operations in memory using datasets.

Alongside these new features, Visual Studio was becoming mature and
complete, being a fully Integrated Development Environment (IDE), even
for programmers who work with languages different from C# and Visual
Basic. Also, the Asp.Net Web Forms started having extensive adoption
among developers who had experience with desktop applications and were



migrating to Web development. Visual Studio 2005 already contained
features to quickly drag and drop visual Web components and add events to
those interactively in the environment. This way of developing applications
was very similar to desktop application development. For that reason,
developers unfamiliar with Web development could start developing their
first Web applications.

The Asp.Net Web Forms occupied an important space in the .NET
Framework before the Asp.Net MVC (Model View Controller) was
introduced to the platform. Web pages navigation based on forms was
common at the beginning of the Web, and it essentially consisted of a user
sending a request from the Web browser and the server returning a response,
keeping the state of the web controls for giving users a continued experience
navigating on the Web page and interacting with its controllers. In that case,
the server was responsible for processing the HTML and all the dynamic
data. This technology used the View State approach to store the values of all
server-side components. Additionally, the Asp.Net Web Forms provided the
option to use separate files between the HTML and the logic code for each
page. That was considered an innovation, and years after that, the separation
of responsibilities in the application would be better provided with Asp.Net
MVC (Model View Controller).

In November of 2006, the .NET Framework 3.0 was released, including
relevant features regarding desktop development and Web Services. At this
time, the JSON (JavaScript Object Notation) was not used for integrating
services based on Web protocol. The XML (Extensible Markup Language)
was primarily used for standard communication between systems, and the
Windows Communication Foundation (WCF) became the official Web
Service of the .NET Framework. The WCF became obsolete once the .NET
replaced it with Web API (Application Programming Interface), following
the most modern patterns being adopted in the market.

One of the benefits of Windows Communication Foundation was its
integration with Visual Studio tools, which allowed us to import third-party
endpoints via address and generate classes in C# language correspondent to
the objects specified in an external Web Service, even if it was written in
another language. The functionality was focused on interpreting the XML of
the third-party Web Service specification and creating objects and their
properties without being necessary to write any code line. Additionally, the
Service Import tool automatically generated the methods in C# language to



open connection and send requests to the external Web Service, parsing the
response to objects in C#. It was an extremely productive tool and hugely
important for the popularity of the .NET Framework in the market. These
days, many companies still have Web Services developed using Windows
Communication Foundation as a legacy project. The same situation happens
with Asp.Net Web Forms applications; considering many companies adopted
it to large projects and did not migrate them yet to a newer version of .NET
Framework project types or .NET Core.

Another important technology introduced to .NET Framework 3.0 was the
Windows Presentation Foundation (WPF) project type, a new way to
create desktop applications using XAML (Extensible Application Markup
Language) and develop rich user interfaces using 3D computer graphics
hardware. It was an alternative to the traditional Windows Form Desktop
applications existent in the .NET platform. Despite other project types of
.NET 3.0 becoming only legacy projects and not having continued updates
until .NET Core, the WPF was still largely used by companies and .NET
developers because it continuously received updates and had full support in
.NET Core, not only in .NET Framework.

The .NET Framework 3.5 was released in November of 2007, bringing
performance improvements for desktop applications. Additionally, the first
version of Entity Framework was introduced, enabling better
communication with databases and is an alternative to ORMs (Object-
Relational Mapping) of other distinct platforms. However, a new Entity
Framework release was launched in 2008 at the same time as the .NET
Framework Service Pack 1, including updates after technical community
feedback, with this version not mature enough to be broadly adopted in
many companies across the globe. The ORM concept and its importance
were widely accepted on the market, and considerable improvements in
Entity Framework became extremely necessary at this point, mainly to give
reliability and stability to the product.

After only one year, Microsoft provided version 4.0 of the .NET Framework,
but it did not represent any break changes and did not have many new
features, different from the .NET Framework 4.5, which was released in
August of 2012 and contains many improvements for Web applications,
Desktop development and native components for Windows 8 operating
system. Among all the new features, the new functionalities for Asp.Net
applications stood out, including support for HTML5 for Web Forms and



support for WebSocket protocol, which represented a significant step to
follow the most modern Web standard practices at that point. Also, with this
version of the .NET Framework was possible to use asynchronous HTTP
requests and responses.

Finally, in July 2015, the .NET Framework 4.6 was released, being the last
big version of this platform before the first version of .NET Core, despite
having minor updates after that in versions 4.7 and 4.8. The 4.6 version
introduced support for Azure SQL Server distributed transactions,
improvements related to the Windows Presentation Foundation user
interface, and support for the localization of data annotation attributes in
Asp.Net.

The .NET Core versions

In 2015, the information technology and software development market was
changing to become compatible with cross-platform concepts. The fact that
the .NET Framework had support only for Windows operation systems
represented a significant limitation for its evolution. Companies largely
accepted it, and developers and technical communities that were mandatory
for any software development technology to be capable of being executed in
any operation system, multiple devices, and interoperability with other
technologies and platforms.

Meeting these new requirements, Microsoft launched in June of 2006 the
first version of .NET Core, a disruptive platform that allows the
development and running of .NET applications on Linux and macOS. The
NET libraries for C# and Vb.NET were rewritten entirely from scratch,
including a new version of Asp.Net projects and Entity Framework. They
were renamed to Asp.Net Core and Entity Framework Core, following the
new brand of the .NET platform.

Additionally, all the .NET Core libraries and their projects became open-
source, with the code being shared on GitHub, making it possible for anyone
to contribute to the evolution of the technology reporting issues of this new
version. This represents a significant milestone for .NET developers,
considering only the Asp.Net MVC project was considered an open source.
It significantly contributes to .NET adoption by developers from other
technologies.



The .NET Core 1.1 was released in November of the same year; it contained
many solutions for issues reported by developers and companies and focused
on supporting more Linux distributions. Also, the Entity Framework was
improved to support Azure and SQL Server 2016 databases.

In August of 2017, the .NET Core 2.0 was launched with the possibility to
integrate with legacy .NET Framework libraries using .NET Standard and
improve cross-platform support with new features. Additionally, this version
brought the new Razor Pages Web project, an alternative to the traditional
Asp.Net MVC project type for creating Web applications within the .NET
Core platform. At this point, the .NET Core became a mature platform
adopted mainly by companies and .NET developers. The support for cross-
platform development was the key to .NET Core, joined with the Visual
Studio Code and new command line options. Definitely and officially,
developers were able to create .NET applications that run everywhere,
participating in the evolution of the subsequent versions of it on the GitHub
repository and taking the benefits of performance that were added to .NET
Core in comparison to the .NET Framework.

The .NET Standard was a common API specification for .NET libraries,
allowing us to use it across all .NET projects. It means that different types of
projects would be able to share libraries between them with .NET Standard,
including implementations between .NET Framework and .NET Core
projects. The .NET Core and .NET Standard are different things. The first
one is incompatible with original .NET Framework libraries, and the second
was made to be a bridge between all .NET versions. Therefore, considering
there is no compatibility between .NET Core and .NET Framework, the best
strategy to migrate .NET Framework applications to .NET Core is to create
libraries in .NET Standard. In that way, it is possible to keep your old
implementation without breaking changes and use the same libraries in .NET
Core projects in case migration gradually occurs.

As you can see in the following image, the .NET Standard represents the
intersection between .NET Framework and .NET Core projects, and it
already contains relevant compatibility in version 2.0, as shown in Figure
2.1



NET Framework

NET Standard

Figure 2.1: .NET Standard

Each new version of .NET Standard added universal compatibility in .NET
projects in general: .NET Core, .NET Framework, Mono, Xamarin, and
Unit. Its specification is the base feature for any .NET library considering all
the products, including mobile development and games. The .NET Standard
2.0 supports interoperability with .NET Framework 4.6.1 or later versions.
Therefore, projects that use an older version of the .NET Framework, such
as 2.0 or 3.5, cannot use .NET Standard libraries. It is recommended to
migrate the project to the 4.6.1 version before starting any migration to .NET
Core.



To understand correctly how the .NET Standard works and consider how
important it represents in migration to the .NET Core of old legacy systems,
we must create a project to practice and demonstrate it. First of all, create a
project of Asp.Net Core Web Application type on Visual Studio 2019 and
choose the option as shown in Figure 2.2:
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Figure 2.2: Asp.Net Core Web Application

After that, create in the same solution a Console App project from the .NET
Framework version, even if they are incompatible with each other because of
the .NET version. To create the project, go to the project creation dialog and
choose the option Console App (.NET Framework) as shown in Figure 2.3:
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Figure 2.3: .NET Framework Console Application

Lastly, create a .NET Standard library in the same solution but in a separate
project. In the project creation dialog, search by “.NET Standard” and
choose the correspondent option, as shown in Figure 2.4:
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Figure 2.4: .NET Framework Console Application



Once these three projects are created, you have the following projects in
your solution:

e Asp.Net Web Application in .NET Core version
e Console Application in .NET Framework version
e Library in .NET Standard

The purpose of this example is to show how we can use routines written in
NET Standard and share it between .NET Framework and .NET Core
projects simultaneously, demonstrating its compatibility. To test that, you
must add the reference to the .NET Standard project library in the other two
projects. To do that, double click on the right mouse button on each project
and choose the option “Add Reference.” With the reference dialog opened,
check the .NET Standard project, as shown in Figure 2.5:
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Figure 2.5: Project references



The .NET Standard library project needs to be checked in the project
references screen, as shown in Figure 2.6:
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Figure 2.6: .NET Standard project reference

After applying these steps for the Console application and Asp.Net Web
project, create a class in the .NET Standard library project with the following
implementation, as shown in Figure 2.7:
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Figure 2.7: Message class

As seen in the previous image, there is a C# static class called “Message,”
containing a single method called “GetCustomMessage” that returns the
message “Method presented on .NET Standard Library.” The next step is to
use that class and its method in both the other two projects. Go to the Web
Project and in the Controllers folder, open the file HomeController.cs and
write the code inside the Index method, as shown in Figure 2.8:



21 % public IActionResult Index({)
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23 ViewBag.Message = DotNetStandardlibrary.Message.GetCustomMessage();
24 return View():
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g =

Figure 2.8: Message class in the Web Project

Further, go to the Views/Home folder and the Index.cshtml file and replace
the existing code with the following one, as shown in Figure 2.9:

L @{

2 ViewData["Title"] = "Home Page";

3 I

5 Sl<div class="text-center":>

6 <hl class="display-4":{@WViewBag.Message</hl>
8 | </div

Figure 2.9: Index file

After applying these changes and running the project, you will be able to see
the message coming from the .NET Standard project on the page, as shown
in Figure 2.10:
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Figure 2.10: Message displayed on Web Project

Considering that the compatibility between .NET Core and .NET Standard
was verified, the next step to check its compatibility is to use the same
method from the .NET Standard on the Console application created using the
.NET Framework version. On the Console Application project, open the
Program.cs file and replace its content with the following code, as shown in
Figure 2.11:
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Figure 2.11: Message displayed on Console App project

As done in the Web application, the Console application uses the method
“GetCustomMessage” from the .NET Standard project. After running the
project, the message is displayed as shown in Figure 2.12:

LK = O X
Method presented on .NET Standard Library

Figure 2.12: Message displayed on Console App project

It is essential to realize that both projects (Web and Console) used the same
implementation from the .NET Standard. Therefore, that is the best way to
gradually migrate .NET Framework projects to .NET Core, being possible to
share libraries between them using .NET Standard.

From .NET Core to .NET 7

Since the first version, the .NET Core had many improvements and
significant new features were released at the same time as the compatibility
with cross-platform development was strictly followed. The .NET Core 3.0
represented the most significant jump in the creation of modern software,




considering in this version were added support to Windows Form
application, Windows Presentation Foundation, Artificial Intelligence, and
development for Internet of Things (IoT). In the following chapters of this
book, you will have the opportunity to dive deeply into all these types of
projects and understand the performance improvements that were applied to
C# 8.0, which is part of this .NET Core version.

Microsoft announced that from the second semester of 2020, the .NET
platform would be renamed in the next version, being called.NET 5 instead
of .NET Core 4.0. It means that all .NET libraries are fully migrated to
cross-platform development at this point, and the intention to have one
hundred percent of .NET projects as open-source ones will be met.

In November 2020, Microsoft released the .NET 5, which represented the
beginning of a new era in software development using the .NET platform
once all the efforts for cross-platform development reached a good level of
maturity and stability. This means that the most relevant .NET libraries were
fully migrated to have cross-platform compatibility at this point.

Among all .NET versions, .NET 5 represents an evolution of .NET Core 3.1
and .NET Framework 4.8, a massive milestone in consolidating all the
efforts regarding cross-platform development that started in the .NET
platform since .NET Core 1.0. Therefore, it is possible to say that .NET 5 is
a unification of the .NET ecosystem for modern and cross-platform
development, combining new features and relevant performance
improvements.

The unified platform has the cross-platform focus as a key point, which does
not only mean compatibility across multiple operating systems, but in terms
of multiple devices and platforms, such as Desktop, Web, Cloud, Gaming,
IoT, and others. The achievement of multiplatform development using .NET
required a complex re-architecture of the entire .NET platform, bringing at
the same time significant improvements in terms of performance for existing
features for C# language, including type conversions, parallelization, and
much more.

In November 2021, the .NET 6 was launched by Microsoft, which included
further performance improvements, Arm64 support, .NET MAUI, C# 10,
new project templates, support for HT'TP/3, improvements on code analysis,
DateTime and time zone improvements, and much more. At this point, many



companies were already using .NET 5, and the migration to .NET 5 did not
represent a massive challenge for legacy projects.

Finally, in November of 2022, .NET 7 brought significant improvements for
modern client development with .NET MAUI, Cloud Native improvements,
and new tools to upgrade existing .NET applications.

Conclusion

The .NET platform has incredibly changed over the last four years with the
idea behind .NET Core. In the meantime, many developers could contribute
to its evolution, and innovations were added on each release, making it a
powerful platform to build enterprise applications capable of running in any
operation system, various distinct devices, and at the same time, bringing
high-performance to the applications and following the most modern market
trends for software development.

In this chapter, you understood the current status of the .NET Platform and
the main features introduced in each version. NET. Additionally, you learned
the best strategy to migrate .NET Framework projects to .NET Core,
creating .NET Standard libraries.

In the next chapter, you will have the opportunity to build cross-platform
applications using .NET Core and get familiar with the deployment in Linux
and macOS of the main project types, such as Web and Desktop
applications.

Points to remember

e The .NET Standard can be used to create shared libraries between
INET Framework and .NET Core.

e The .NET Core became an open-source and cross-platform technology.

e The next version of .NET Core after the release of 3.0 will be called
.NET 5.

Multiple choice questions

1. Which version of .NET is not cross-platform?

a. .NET Standard



b. .NET Framework 4.6
c. .NET Core 3.0
d. .NET Core 1.0
2. In which version of .NET Core the Windows Form support was
released?
a. .NET Core 2.0
b. .NET Core 2.2
c. .NET Core 1.0
d. .NET Core 3.0
3. What type of .NET project can be used to create libraries
compatible with .NET Framework and .NET Core?
a. Console Application
b. Windows Form
c. .NET Standard libraries
d. Asp.Net Core Web Application

Answers

1.b
2.d
3.c

Questions
1. What are the main differences between .NET Framework and .NET
Core?

2. Explain the best strategy to migrate projects from .NET Framework to
.NET Core.

3. In which version of .NET Core the support for Windows Presentation
Foundation was added?

Key terms




» Cross-platform applications: Applications that can be developed and
executed in any operating system: Linux, macOS, Windows, and
others.

o .NET Standard: The typical API specification for .NET libraries that
allowed shared implementations across multiple and disruptive
versions of the .NET platform.
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CHAPTER 3

Cross-platform Applications

Introduction

Developing multi-platform applications that run in any operating system and
multiple devices represent mandatory requirements for modern enterprise
solutions. Historically, the .NET platform was based only on Windows. It
was a growing limitation in the scenario where the companies were
migrating their applications to cloud architecture and hosting them in servers
provided by multiple players on the market. Since the first version of .NET
Core, the .NET platform has become a cross-platform technology by
following the most modern software development standards and allowing
the building of applications for Linux and macOS. Considering how
important it is to learn to build cross-platform applications, in this chapter,
you will learn how to create web and desktop applications for Linux and
macOS using .NET Core and C#.

Structure

In this chapter, we will discuss the following topics:

e Asp.Net Core applications on Linux
o Self-contained EXEs

Objectives

After studying this unit, you should be able to understand cross-platform
concepts, discuss aspects of web development for Linux using .NET Core,
and create basic desktop applications for Linux using .NET.

Asp.Net Core applications for Linux

Building .NET Core applications for Linux do not require developing the
applications in the underlying operating system. It can be done even by




developing on the Windows platform, considering the .NET Core platform is
cross-platform. Therefore, we can code our projects on Windows and
generate the result for Linux. As seen in the chapter Introduction to .NET,
if you want to create a .NET Core application directly on a Linux operating
system, you can install the Visual Studio Code without compatibility
restrictions.

Since the 3.0 version, the .NET Core has included relevant performance
improvements, allowing us to create low-memory applications and host our
applications in simple containers on Linux. There are clear advantages of
deploying and keeping .NET Core applications on Linux compared to
Windows, the cost of licensing, and flexibility. Linux is an open-source
project which can be customized for specific purposes. Additionally, it is
also an alternative for high-secure servers, using Security Enhanced Linux
(SELinux), which is included by default in many Linux distributions like
Red Hat Enterprise Linux, Fedora, and a few extra ones.

In the example of this chapter, you will have the opportunity to deploy on a
Linux server hosted on Azure, a web application built on Windows using
.NET Core. First of all, you need to create the Asp.Net application by
opening Visual Studio on Windows and choosing the Asp.Net Core Web
application project type, as shown in Figure 3.1:

s
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Project templates for creating ASP.MET Core web apps and web APls for Windows,
Linux and macO5 using .MET Caore or MNET Framewiork. Create web apps with Razor
Pages, MVC, or Single Page Apps (5PA) using Angular, React, or React + Redux.

C# Limane mac0s Windows Cloud Senvice Web

Figure 3.1: Asp.Net Core Web Application for Linux

It is possible to get the Asp.Net Core Web application by searching by text
or even specifying the filters C#, Linux, and Web. As this type of project is
compatible with Linux, it appears in the search results. After that, you must



choose the option Web Application, targeting the most recent Asp.Net Core
3.0 version, as shown in Figure 3.2:
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Figure 3.2: Web application for Linux

For deploying the Web application on a Linux server, this example uses the
Azure App Service for deployment. The first step is to create a new App
Service Plan on Azure. The App Service provides the infrastructure
necessary to host and run your applications, and you can choose between
Linux and Windows as the operating system.

Note: You need a Microsoft account to create resources on the Azure
platform. Usually, Microsoft provides free accounts for students and
free temporary accounts for tests. In any case, it is recommended to
check all the available options online at the official website.

On the Azure portal, it is necessary to create a new resource by clicking on
the “Create a resource” option, as shown in Figure 3.3:
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Figure 3.3: Create a resource option

Once you have clicked on the option, you will be redirected to a search box
where you can find every resource type available on Azure. In this example,
you must choose the option “Web App,” as shown in Figure 3.4:
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Figure 3.4: Web app resource

On the Web App resource form, you need to specify the following
information:



e Subscription: With a single Azure account, it is possible to have
multiple subscriptions, and each one will have separate billing
management.

e Resource group: It is recommended to create a logical resource group
to have all the resources that need to be controlled under the same
purpose at the same place.

e Instance details: Each application on Azure should have a unique
name and an exclusive domain. Therefore, that name should be
specified and related to the Azure App service. Additionally, you can
choose the operation system, the .NET version, region, and publish
mode.

In this example, the following configurations were chosen, as shown in
Figure 3.5:
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Figure 3.5: Web app resource

The Linux operation system was chosen, and the example application is
named “deploying,” which means that it is the way to identify the
application among other resources. It will have a unique sub-domain with
the same name: deploylinux.azurewebsites.net. Using the free version of the
App Service resource is not possible to use custom domains, but you can use
your custom sub-domain for development and test purposes. Once the
creation of the App Service is complete, you will receive an indication on
the Azure portal, as shown in Figure 3.6:
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Figure 3.6: Web app resource

To effectively deploy the Asp.Net Core application on Azure Linux App
Service, go to the Azure portal, open the resource you just created and
change the HTTP protocol to “On.” Using secure encrypted communication
between the application and the server is always recommended. After
changing this configuration in TLS/SSL settings, the configuration will be
shown as presented in Figure 3.7:
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Figure 3.7: Web app resource

In the overview option, where you can see details of your App Service, click
on the option “Get publish profile” and download the file that contains the
necessary configuration to deploy your application using Visual Studio, as
shown in Figure 3.8:
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Figure 3.8: Get publish profile

After downloading the file, go to the Visual Studio instance where your
application is open, click on the build menu option and choose the option
“Publish,” as shown in Figure 3.9:
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Figure 3.9: Get publish profile

Import the publish configuration file that was downloaded from Azure and
click on the option “Publish” to deploy the application on the App Service
based on Linux, as shown in Figure 3.10:
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Figure 3.10: Visual Studio publish option

After deploying your application on Linux, Visual Studio will open an
instance of your default browser pointing to the custom URL of the
applications, as shown in Figure 3.11:
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Figure 3.11: Asp.Net Core application on Linux

As you can see, with this deployment process, it is pretty simple to deploy
Asp.Net Core applications on a Linux server hosted on Azure. Furthermore,
this approach represents a cheaper way to host Web applications;
considering it does not involve extra costs with licenses for operating
systems. Therefore, it is a good alternative for low-cost projects.

Self-contained executables

The .NET Core 3.0 introduced the support for self-contained executables,
enabling publishing and installing a .NET Core application as an individual
executable file containing everything necessary to run on a specific platform.
That facilitates the installation of applications on cross-platform
environments since the client machine does not need any .NET Core
installation or extra configurations, as the executable file has what is needed.

To test that functionality, you must create a Console Application on Visual
Studio, choosing the underlying project on the Visual Studio project creation
dialog, as shown in Figure 3.12:
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Figure 3.12: Asp.Net Core application on Linux

In the Program.cs file, replace the content with the code as shown in Figure
3.13:

[Progamcs = |
@Eqmqhﬂ.ppchqwﬂhr“ - | "". LConiolefppChapterTheee Program - |
using System;
~namespace ConsoleApplhapter Three
{
class Program
{
static void Ma ln{:tring[] rgs )
& {
Cons iritelina{ “Self-contained EXEL");
Cans Jriteline():
}
3
}

Figure 3.13: Program.cs class

This simple program shows the message “Self-contained EXE!” in the
console and waits for a key in the prompt. As the purpose is to demonstrate
how to deploy and prepare a desktop application on Linux, an extra
configuration must be applied. There are two ways to generate a single



executable for Linux: one is to use the command line, and the other is to
modify the configuration in the .csproj file. To change the project file, go
to Solution Explorer, double click on the right mouse button on the project
file, and choose the option “Edit Project File.” After that, replace the file
content with the code, as shown in Figure 3.14:

E<Project Sdk="Microsoft.NET.S5dk">

[V S =

= <PropertyGroup>

' <OutputType>Exe</OutputTypes
<TargetFramework>netcoreapp3.08</TargetFrameworks:
<PublishTrimmed>true</PublishTrimmeds
¢PublishReadyToRun>true</PublishReadyToRunz

8 <PublishSingleFile>true</PublishSingleFiles

g <RuntimeIldentifier>linux-x64</Runtimeldentifier:>

18 | «/PropertyGroup>

s

122 |¢/Projects

Figure 3.14: Console App Project File

In the runtime identifier tag, you can specify the operating system for which
the final executable will be generated. You can also include the option to
publish it as a single file. These options will build the application in a self-
contained executable, ready to run on a Linux operating system.

After making these steps, change the build mode to “Release” and choose
the option “Rebuild “on the Build menu, as shown in Figure 3.15:
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Figure 3.15: Release build

If you go to the folder where your application was initially created, you will
see in the release folder (inside the bin folder) that the executable was
generated containing everything necessary to run and that it does not have
any extra files, as shown in Figure 3.16:
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Figure 3.16: Single executable

This new feature was presented on .NET since .NET Core 3.0 reduced the
cost of deployment in complex environments for desktop applications and
facilitated the implementation of applications on Linux operation systems. In
case the software needs to be installed and deployed on distinct operation
systems, you can specify other types of platforms on the project file like it
was done for Linux.

Conclusion

The .NET Core, since its first version, introduced many innovations in
software development in terms of cross-platform architecture and
compliance with the highest standards required for modern applications.
With .NET, you can build robust enterprise applications and host them in any
operating system and platform, reducing deployment costs and minimizing
the complexity in scenarios where the same application must be deployed in
an infrastructure that diverse companies provide.

As you can see in this chapter, since version 3.0, the .NET platform supports
self-contained executables and gives more options to build desktop
applications for Linux and other operating systems. Additionally, the process
to deploy Asp.Net Core applications on Linux was simplified in the latest
version of .NET Core, thus making it possible to make similar steps for
building it on multiple platforms.

This chapter teaches you how to create and deploy Asp.Net Core
applications on Linux, even after creating the application on the Windows
operating system. Furthermore, you learned how to generate self-contained
executables and the way to publish desktop applications in Linux.



In the next chapter, you will have the opportunity to get started with Object-
Oriented programming using .NET and C#, doing practical exercises, and
getting yourself familiar with the most basic concepts of the language.

Points to remember

e .NET Core applications can be hosted on Linux.

e Generally, a Linux server costs less than a Windows server and is a
good alternative for .NET Core application deployment.

It is possible to generate self-contained executables using .NET Core
since version 3.0.

Multiple choice questions

1. Which version of .NET supports self-contained executables?

a. .NET Framework
b. .NET Core 2.2
c. .NET Core 3.x
d. .NET Core 1.0
2. In which file is it possible to change the configuration to build
executables for Linux operation systems?
a. Project file
b. Solution Explorer
c. Program.cs
d. Startup.cs
3. What is the recommended HTTPS protocol for secure Web
applications?
a. Azure
b. HTTPS
c. Firewall
d. HTTP



Answers

l.c
2.a
3.b

Questions

1. Explain the benefits of deploying .NET Core applications on Linux.
2. What are the advantages of using self-contained executables?

Key terms

e Cross-platform applications: Applications that can be developed and
executed in any operating system: Linux, macOS, Windows, and
others.

» Self-contained executable: An executable file that contains everything
necessary to run the application, including extra DLLs, images, and
configuration files.
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CHAPTER 4
The Object-Oriented Programming

Introduction

Software development is an abstract process and correlation with the real
world is done by implementing business or system requirements, which are
represented in the software in a reliable way, in general, using the object-
oriented programming paradigm. The concept behind that helped the
software industry create more stable, readable, and extensible code for
enterprise applications. It made the daily routine more accessible for
developers, in general, bringing an intelligent design for any use developed
with any language which supports that paradigm.

Beyond that, the object-oriented discussion brought to the market many
additions and contributions, such as the SOLID principles concepts, which
increased the quality of software across the world and gave the possibility to
build robust and scalable applications, taking software engineering to the
next level in terms of techniques and professionalism. Furthermore, because
of all these facts, it is essential for any developer these days to learn this
paradigm properly and to be able to apply its concepts in real and complex
scenarios, which is a mandatory requirement for almost all positions in the
market for developers.

In this chapter, you will have the opportunity to learn the essential concepts
of object-oriented programming, such as classes, constructors, methods,
abstract and static classes, inheritance, and interfaces. Additionally,
explanations and examples of design patterns and SOLID principles will be
introduced.

Structure

In this chapter, we will discuss the following topics:

e (lasses, constructors, and methods
o Static classes and methods



e Structs
e Concepts of SOLID principles

Objectives

After studying this unit, you should be able to understand object-oriented
programming concepts. We will discuss the essential aspects of design
patterns and create fundamental applications using object-oriented
programming. We will also learn how to use the SOLID principles in real
projects

Classes, constructors, and methods

Starting from scratch with Oriented-Oriented Programming (OOP) concepts,
you must know that any software in the market and any code implementation
using a programming language has a target to achieve, an intention based on
business or system requirements. There are many ways to solve a single
problem in software engineering. Still, in terms of keeping and writing
understandable code, it is vital to design code that represents the real-world
situation related to the actual issue that the software is trying to solve. The
OORP helps us abstract the complexity of software development and maintain
a good correlation between technical implementations and most of the
scenarios we can find in the market.

The C# language has supported OOP since its first version, and every
application that uses .NET Core must apply this paradigm; considering all
the native libraries of the platform are based on this concept. Additionally,
the .NET platform takes the benefit of advanced concepts of design patterns
and SOLID principles, which will be explained later in this book, using real-
scenario examples.

The OOP allows us to organize the implementation of software requirements
around objects and represent the behavior and state of something that needs
to be abstracted in the system. An object can contain properties and methods
which will be responsible for keeping and manipulating its state and certain
operations related to the object itself. In C# language and other ones based
on the OOP paradigm, an object is represented by a class that should have
similar characteristics to the real world in a faithful representation.



For better understanding, just imagine a scenario where an online store needs
to be developed using C# language and .NET Core. According to the
fictional case, the system should implement the following requirements:

e Allow users to register products and product types.

» Every product should have a unique number to identify the product and
a title.

o Users access the online shop but don’t necessarily make a purchase.

e Once a user makes a purchase in the online shop, the same user should
be registered as a customer with additional information.

e The products can contain different properties based on their type.

Considering the given scenario, if we would start the plan of the structure of
our code to keep everything well organized, we must create the classes first,
with the basic properties that are common to every object of these classes.
Starting from the model for the product, the initial implementation of the
class would have the implementation as shown in Figure 4.1:

rosucees = x

[¢4 0OPBookSamples | &, DOPBookSamples.Product
1 =

5 - namespace 00PBookSamples

6 |¢
7 =i class Product

8 {

9 public int Id { get; set; }

10 public string Title { get; set; }
11 public decimal Price { get; set; }
12 }

13 T

14 '

Figure 4.1: Product class



In that case, the fields ID, Title, and Price represent the properties of the
Product class, and each one has its own type, such as an integer, a string, and
a decimal. You must realize that there is a keyword before each property.
The keyword means the access modifier or scope of the property. And in
OOP, the following are access modifiers:

Public: The class or property can be freely accessed by other classes;
even those not present in the same assembly.

Private: The property can be accessed only by the same class to which
the property belongs.

Protected: The property can be accessed only by the same class or the
derived classes.

Internal: The property or class can be accessed by other classes, but
with the limitation that the class should belong to the same assembly.

Protected internal: The class or property can be accessed by any other
class in the same assembly and for all derived classes, even if they are
presented in another assembly.

Depending on the keyword, the access level changes, as shown in Figure

4.2:
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Figure 4.2: Access level

Object-oriented programming has principles that enforce the best practices
of coding using this paradigm and has the purpose of not violating the
mechanisms that should be followed in any software that uses these
concepts, such as encapsulation, inheritance, polymorphism, and reusability.
The following sections have detailed information on each of them.



Encapsulation

This concept aims to avoid external interference on the object state and
protect access to the properties of the class and its methods. To meet this
objective successfully, it is essential to understand the access level property,
which was explained earlier in this chapter. Control the access to properties,
methods, and classes to ensure that only the code that needs access to other
specific codes is under control. Considering all the classes in a system
should be low coupled with each other, which means that as much as
possible, each class must be independent and contain the necessary code to
meet its target.

Inheritance

Following the principle of reusability, it is possible in object-oriented
programming to use the concept of inheritance, which allows us to share
properties and methods that mostly have something in common. A class that
inherits from another class is called a derived class, and the base class is
called a parent class. The C# language allows us to use only one inheritance
associated with a class, but it is possible to use interfaces to meet a similar
objective. Moving forward with the previous example related to the online
store, a store can contain many types of specific products that would share
common properties and methods between them, but other properties might
be specific for each one of those. For instance, the class “Movie” is a type of
product that shares similar characteristics to other products, such as ID,
Title, and Price. But specific properties are only related to the Movie class.
Considering the class product as shown in Figure 4.1 already contains
particular properties, the Movie class can inherit from the Product class, as
shown in Figure 4.3:




OOPBookSamples - *y O0PBookSamples.Movie
1 Fusing System;

= namespace 00PBookSamples

6 {

7 = public class Movie:Product
8 {

public DateTime ReleaseDate { get; set; }

o

1@

11 public string Category { get; set; }
12

13 public int Dur‘atlon{ get; set; }
A i

15 |}

16 '

Figure 4.3: Movie class

In the signature of the class, inheritance is declared from the Product class,
which means the Movie class will contain all the properties from the Product
class and the specific fields from its class: release date, category, and
duration. The decision to inherit or not from another class depends on the
context and generally is based on business requirements. The inheritance
concept can be suitable if different classes have a clear correlation. This
practice helps developers save time writing code across the system and keep
the system architecture consistent.

Reusability

Generally, the costs of any software are measured by the number of hours
spent writing the code, among other activities such as business analyses,
software design, and management. Considering the time to develop software
represents one of the essential points for a project to succeed, it is necessary
to use techniques that allow us to save time in building the software we are



working on. Reusability is an essential concept of object-oriented
programming because it represents less time to develop systems.

Going back to the online store example, considering it has already
implemented a base Product class, if the online store had a vast number of
products of different types, using the base class would save relevant time in
implementing the other classes. It also applies to more complex scenarios
where simple properties and methods can be reused and whole libraries and
external functionalities.

Polymorphism

This concept in objected oriented programming allows us to overwrite a
method from a parent class and share among multiple classes a standard
interface to give integrity and consistency in the software architecture. As its
name suggests, polymorphism is the possibility of having many forms for a
common method. In the online store example, imagine that each product
could have its way of applying discounts based on custom rules. In that case,
the base class (Product) would have a standard method to calculate the
discount, but all the derived classes can overwrite their behavior according
to the specific situations.

For instance, the parent class (Product) can have a specific method for
applying a seven percent discount, as shown in Figure 4.4:
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1 —using System;

2 using System.Collections.Generic;

3 System. T t

5 =namespace OOPBookSamples

6 1

i - ﬁubllc class Product

8 {

4 public int Id { get; set; }

10 public string Title { get; set; }

11 public decimal Price { get; set; }

12

13 = pubiic virtual void ApplyDiscount()

14 {

15 thiz.Price = ' Multiply(this.Price, (7/1908)),;
16 | | ¥
17| }

18 |}

19

Figure 4.4: Method to apply the discount in the Product class

But, on the other hand, the child class (Movie) can overwrite the
implementation of the Applybiscount method, as shown in Figure 4.5:
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E —namespace QOPBookSamples
{
7 - public class Movie:Product
{
9 public DateTime ReleaseDate { pet; set; }
18
11 public string Catepgory { pet; set; }
public int Duration { get; set; }
14
15 - puhlicaid ApplyDiscount()
16 {
17 Price = Multiply( Price, (18 [ 180));
18 }
19 }
] }
21

Figure 4.5: Method to apply the discount in the Movie class

The Movie class applies a different discount policy once the discount value
is 10 percent, therefore distinct from the parent class. It is possible to change
the implementation of a method from the parent class only if the method in
the parent class has the modifier “virtual,” as shown in Figure 4.4.

Partial class

To keep the good practices of coding and project structure, usually, all the
classes are presented in the same file, which will have the same name as the
class, as highlighted in Figure 4.6:
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However, if the class contains a significant number of code lines and in the
situation where many developers need to work at the same time in the same
file, it is convenient to split the class into multiple files to avoid conflicts and
to have a logical separation for a better understanding. Even though the class
is presented in more than one file, the compilation will combine all of them
as a single class. In the following code example, there are two files regarding
the Product class: one containing the fields and another one containing the

Product.cs ol » LEEER="

UUPBooksamples

—using System;

—namespace 00PBookSamples

{
= public class Product
{
public int Id { get; set; }
public-string Title { get; set; }
public”decimal Price { get; set; }
~ huﬁiic-virtual void ApplyDiscount()
{
s.Price = Multiply(t
}
l: %
| }

Figure 4.6: File name pattern for classes

methods, as shown in Figure 4.7:

=1 #x O0PBockSamples.Product

nis.Price, (7/100));
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1 ~using System;
2 1ng s tem.Collections.Generic -
3 y Sustem :
i
5 —namespace 00PBookSamples
rj {
A = public] partial flass Product
8 { '
|;'|
10 E public virtual void ApplyDiscount()
11 {
12 this.Price = Multiply(this.Price, (7/108));
13 1
14 ! }

15 '}
Figure 4.7: Product partial class

The keyword partial was used to transform the class into a partial class,
containing only the apply discount method. On the other hand, the other file
that includes the implementation of the Product class will only provide the
properties, as shown in Figure 4.8:
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4
5 = namespace 00PBookSamples
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7 = public partial class Product
8 {
9 public int Id { get; set; }
18 public string Title { get; set; }
11 public decimal Price { get; set; }
12
13 i
14 1
15

Figure 4.8: Product partial class

The use of partial classes is quite flexible, but it is recommended to do that
just in cases where the class is big enough to be split. Additionally, if a class
contains a lot of lines of code, usually that is a clear indication that the class
should be refactored to follow the single responsibility principle, which is a
good practice stated by the SOLID principles that will be explained later in
this chapter.

Constructor

In object-oriented programming, the constructor is the method called when
an instance of the object is created. In other words, a class contains the
implementation, and every time a class is used, an object is created having
the same type as the class. In the scenario of the online store, considering
there is a class called Product in the system, every time this class needs to be
used, we must create a new instance of an object referring to the class, as
shown in Figure 4.9:




[c#] OOPBookSamples - :' % O0PBEookSamples.Program
1 usi g System;
2
3 = namespace 00PBookSamples
4 {
5 = class Program
6 {
7 = static void Main(string[] args)
8 {
9 var product = new Product();
16 }
11 ' }
12 13

a

Figure 4.9: Product object instance

When the keyword new is used, it indicates to the compiler that a new
instance of the Product class should be created, and this object will be placed
in a new space in the memory. Additionally, the new object is initialized in
this operation, and the constructor method is called. You can specify many
constructor methods in the class, and all of them should have the same name
as the class, as shown in Figure 4.10:
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- namespace 00PBookSamples

{

= public partial class Product

{

- public Product()
{

J//CUSTOM OPERATIONS

3

public int Id { get; set; }

public string Title { get; set; }

public decimal Price { get; set; }

Figure 4.10: Constructor

Usually, the constructor methods are used to set the initial state of the object,
and if the constructor method is not specified, the compile will run the
default constructor method, which is an empty method. It is essential to
understand how constructors work because the state management of the
objects is one of the main points to applying the object-oriented
programming paradigm's best practices correctly.

It is possible as well to pass parameters in the constructor, which in specific
cases are necessary to make operations when an object is initialized, as
shown in Figure 4.11:



[€¥ 00PBookSamples - I: *iz 00PBookSamples.Product
2 g System.Collections.Generic:
5 - namespace O0OPBookSamples
: {
7 - public partial class Product
{
g - public Predfct(string title) I
] { ]
11 ' .Title = title;
12 }
13 public int Id { get; set; }
14 public string Title { get; set; }
15 public decimal Price { get: set: }
16
17 }
18 }
19

Figure 4.11: Constructor with parameters

Static classes and methods

In C# language, a static class represents a class that cannot have an instance
created. That means the system will keep a single class instance in the
memory, which will be used for the whole system. Considering that
characteristic, it is not possible to use the keyword new when there is the
intention to use the static class. Usually, the static classes are used in cases
where the class does not need to keep its state dynamically. For instance, the
online store can have a static class to make certain common operations for
the system, such as type conversions, math operations, and others. The
following figure contains an example of a static class called Helper, which
has a method that returns a unique identifier:




[ 00PBockSamples -I #3 00PBookSarmples Helper
1 = using Sys'tem;
2 using System.Collections.Generi
3 System. Text:
4
5 = namespace 00PBookSamples
6 {
7 = publiq static Ilass Helper
8 { '
9 = public static string ﬁéfﬁHiHﬂéfﬂéﬁ%iﬁIéﬁ{}
11 return Guid.NewGuid().ToString();
12 | I
13 : }
id }

Figure 4.12: Static class

As highlighted in the preceding figure, the keyword static was used to
transform the class Helper into a static class. Considering it is not possible to
create an instance of static classes, the compile will generate an error if an
implementation tries to proceed with that, as shown in Figure 4.13:
{5 O0PBookSamples - | " 0OPBookSamples.Program

1 1ng System;

2

3 -Inamespace OOPBockSamples

- {

5 - cléégqﬁfogram

[ {

7 - gféfic.uoid Main(string[] args)

8 {

g var helper = new Hel:1er'(};|

e RS . )
18 Ii

#3 class DOPBookSamples.Helper

} Cannot create an instance of the static class 'Helper'

Figure 4.13: compile error for static class

To use the methods presented in the static class, you must call the methods
directly without using the keyword new, as shown in Figure 4.14:



[£=] 0OPBookSamples - | "% 00PBookSamples.Program
: !
‘)
- namespace 00PBookSamples

{
2 = class Program
B {
7 = static void Main(string[] args)
8 {
9 var gu = Helper.GetUnigueldentifier();
19 h
11 }
2 ¥

Figure 4.14: Correct use of static class

Structs

The structs in C# language have a similar implementation to classes,
including properties and methods. However, the main difference between
them is how they are kept in memory in a program developed in C#. The
conventional class is considered a reference type, which means that the type
does not store its value in the memory but only the address where it will be
stored. On the other hand, structs contain their own value, and because of
that, access to their values is much faster than reference types. Furthermore,
structs have restrictions in comparison to classes, as follows:

e [t is not possible to use structs in an inheritance process.

e [t is not possible to use an empty constructor. It is mandatory to have a
constructor with parameters.

e It is required to set values to local variables when they are created.

e The instance of the object created from a struct class is removed from
the memory once the method that is using the object has its process
completed.

The syntax of the struct is quite similar to the class, as shown in Figure 4.15:



e

[c*] 00PBookSamples --I W, DOPBookSamples.Customer
= |551ng aysiem. Text;

4
5 = namespace O0PBookSamples
6 {

0 references

[=] struct Customer

8 {
0 references

9 public int Id { get; set; }
0 references

1@ public string FullName { get; set; }
O references

11 public DateTime BirthDay { get; set; }

12 ¥

13 B

14 |

1w i

Figure 4.15: Struct class
A struct must have a constructor with parameters, as shown in Figure 4.16:

Customercs - o X

E. O0PEookSamples ) = i o, 0OPBookSamples.Customer =
1 - using System;
2 using System.Collections.Generic;
3 | using system. Text:
4
5 = namespace 00PBookSamples
6 {
7 = struct Customer
B {
9 = public Customer (int id, string fullName, DateTime birthDay)
18 1
11 this.FullName = fullName;
12 this.BirthDay = birthDay;
13 this.Id = id:
14 }
15
16 public int Id { get: set: }
17 public string FullName { get; set; }
18 public DateTime BirthDay { get; set; }
19 }
28 }
21 '
22




Figure 4.16: Constructor for struct

The use of structs is pretty helpful in the cases of a specific part of the
system that requires high performance and when the primary purpose of the
implementation is to only keep a temporary state of the object, with known
end-of-life inside the method calls.

Interfaces

In object-oriented programming, an interface represents a contract that
should be followed by all the classes that implement the interface. In other
words, an interface contains everything that a class must have, such as
properties and methods, following specific signatures. This concept is
significant for correctly implementing business requirements and
consistency in the development process.

In C# language, an interface can be created with the interface keyword just
before the interface's name. As a concept, the interfaces don’t contain any
implementation, which is the responsibility of the classes that will
implement those. Going back to the online store example, considering there
would be a requirement that all the product types should implement a
method reference to delivery, an interface can be created to ensure that all
the classes related to product type will implement this method. A primary
interface for the product would appear as shown in Figure 4.17:

[ OOPBookSamples = *+0 00PBockSamples.|Product
1 —lusing System;
2 18 Syst ' 3
3 S
A
5 - namespace O0PBookSamples
6 1
7 - public interface IProduct
{
g public void Deliver() { }
10 }
11 ;)

Figure 4.17: Constructor for struct



According to this interface, it is mandatory for all the classes that will
implement this interface to have a method called “Deliver” with the same
signature without any return. To enforce the contract between the interface
and related classes, in the signature of the class, you must declare it after the
name of one or more interfaces, as shown in Figure 4.18:

5 00PBookSzmples s # 00PBockSamples.Product
1 =
} 3 Svst -::-__;' 1
il
g =namespace 00PBookSamples
6 {
7 = public partial class Product: IProduct
8 {
g = public Product(string title)
16 {
11 ' .Title = title;
12 [ }
13 public int Id { get; set; }
14 public string Title { get; set; }
15 public decimal Price { get; set; }
16
17 :
18 }
19
20 |

Figure 4.18: Constructor for struct

Since the implementation of the delivery method is mandatory for the
Product class from that point, before version 8.0 of C#, the compile would
show an error accusing that the underlying implementation is missing. But
since version 8.0 of the C# language, a default implementation can be
specified in the interface, and the related classes don’t need to implement the
method with the same signature. Therefore, it is possible to have a default
implementation in interfaces, as shown in Figure 4.19:



rodects = [

% OOPRookSa miphes - | =B DOPHookSamples IProduct

1 - using System;
2 }

5 —namespace O0PBookSamples

B {

7 public interface IProduct

{
public void Deliver() { Console.Writeline({"Default implementation™}; }

11 [}

12
Figure 4.19: Constructor for struct

Another aspect of interfaces is that you cannot change or specify access
levels regarding properties and methods in interfaces because all of them are
public by default. That means using the keywords private, protected, or
internal in properties is impossible. The methods and properties can be
declared without an access level, as shown in Figure 4.20:

IProduct.es @

8 OOPEookSamples - E =2 O0PBookSamples. Product

]

5 = namespace 00PBookSamples

A {

7 - publie interface IProduct
A {

= int Id { get: set: }

10 void Deliver() { Console.WriteLine("Default implementation"}; }

12 k,

Figure 4.20: Interface without access level

The use of interfaces can reduce the software's complexity and increase the
code's maintainability once they give consistency to the classes and the
possibility to apply a pattern across the system. Additionally, the interfaces
are essential to make the tests easier at the code level because the
implementation would have a more general construction, and a bunch of
different tests can be applied to different parts of the system without
spending so much energy covered in a test plan.



SOLID Principles

The SOLID principles represent good practices that should be followed by
all software developers who build systems using the object-oriented
programming paradigm. The principles contribute to having a well-written
code, providing maintainability and extensibility. Considering software
development is a logical and intellectual process, the same software
requirement can be implemented distinctly by different developers, and
different approaches can be applied to get the same result.

Good software development is not only about visible software
functionalities, but beyond that, it is about having high standards in terms of
software architecture and engineering. It is not hard to find a software
project that has failed because of technical problems and limitations
regarding maintenance and extensibility. In any software development life
cycle, the costs of changes get higher when changes are made after
production releases. The changes in existent functionalities will likely
introduce new issues in the project. In the meantime, new features are being
released, thus becoming a great challenge for any software development
team to keep the project progressing with high quality.

For that reason, keeping the code clean as much as possible and following
the good practices of software development is essential to maintain a long-
term solution project that supports relevant changes over time and is ready to
absorb always new requirements.

The Single Responsibility Principle is the first of the list defined by the
SOLID acronym, and this is frequently applied to software development
using object-oriented programming, as it is highly recommended that a class
in this paradigm should have a single responsibility. Therefore, the
implementation of any part of the software should have a clear and unique
objective, being much easier to make changes to that and extend its
functionality.

The Open-Closed Principle is the second of the SOLID acronym, and the
idea behind this principle is that an object should be open to an extension but
closed to changes in its behavior. Any software has a considerable amount of
business requirements converted into code, and the requirements can
frequently change because of business requests, new regulations, or simply
because of a better understanding of the purpose of the software. However,
many requirement changes should not represent or require modifications to



the code every time. Suppose a specific routine in the code is being changed
several times. In that case, it probably means that the design or pattern used
for developing this part of the code is not clear enough and is not following
the best software development practices.

Furthermore, each change in the software can cause an impact on production
environments by adding errors to an existent functionality, which should be
extremely avoided as much as possible. Following the open-closed principle,
if a new requirement is requested and it requires changing an existing class
or method in the code, the class should be extended to contemplate this new
request and not changed. Therefore, adding new requirements should be
considered new functionalities and represent extensions instead of
modifications.

The Liskov Substitution Principle was defined and created by Barbara
Liskov. This good practice's main objective is to avoid throwing exceptions
in a system when inheritance is not recommended. Inheritance allows
reusing implementation from a parent and common class across the
software. Still, when a specific method or property from the parent class
does not apply to all the possible children classes, it indicates that the model
does not entirely reflect the business requirement. It can generate issues in
production environments with unhandled exceptions. Additionally, there is
the Interface Segregation Principle, which helps developers to avoid making
mistakes using interfaces that do not represent the business requirements.
Similar to the Liskov principle, where there is a recommendation of using
only the properties and method in a parent class that applies to all child
classes, the interface segregation principle applies the same concept but
regarding interfaces.

Finally, the last one of the SOLID principles is the Dependency Inversion
Principle has the purpose of enforcing the excellent practice of hiding the
implementation between classes in cases where there are dependencies
between them. To avoid risks in the development process, each class should
contain only the implementation related to the class itself and keep low-level
loosely coupled in the relation between them

The SOLID principles are the most important concepts of good practices in
object-oriented programming and are essential for every developer to know.
Understanding and using them allow companies to create stable and readable
software and help to reduce the costs of the development process. One of the



premises of any software project is that new requirements will be introduced
at any time. Even sophisticated software can have many changes after it is
released in the market because any system is flexible and extensible. Good
practices that give us confidence in safely making software changes are
always welcome, and it is highly recommended to use SOLID principles as
an essential part of the coding process.

Conclusion

As seen in this chapter, the object-oriented programming paradigm is the
base of C# language. All the logical implementations for business and
system requirements are organized in classes, which can be reused, tested,
and extended. All the classes must have modifiers that will change the
access level of the classes themselves or their properties. Additionally, the
C# language contains options to optimize the use of memory (structs) and
allows us to give consistency and integrity to the software architecture by
applying the concept of interfaces and taking all the benefits of the SOLID
principles.

This chapter teaches you how to create classes, properties, and methods and
change the access level for each. Additionally, you had the opportunity to
familiarize yourself with interfaces, structures, and other types in C#
language, allowing you to create and apply the concepts of the object-
oriented paradigm in real projects. Finally, you learned the basic concepts of
SOLID principles and identify points in a system that can be improved using
them.

In the next chapter, you will have the opportunity to learn more complex
concepts regarding interfaces and inheritance in object-oriented
programming, applying those concepts in more advanced scenarios.

Points to remember

* Objects represent an instance of a class in OOP.

o Interfaces are the contracts that become mandatory for the
implementation of methods and properties for any class associated with
them.

e SOLID principles are a list of good practices that any developer should
use.



Multiple Choice Questions

1. Which type of structure can be used to specify contracts for classes
in C#?
a. properties
b. interfaces
c. inheritance
d. protected

2. How many interfaces can be used associated with a single class?

a. one
b. two
c. five
d. unlimited

3. What is the access level that restricts access to the assembly of the
same assembly?

a. protected
b. public
c. internal

d. private

Answers

1.b
2.d
3.c

Questions

1. Explain the difference between classes and structs.
2. Explain the meaning of SOLID principles briefly.
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CHAPTER 5

Interfaces and Inheritance in C#

Introduction

Interfaces and inheritance are essential concepts and features provided by
object-oriented programming. Its correct use can bring us the advantage of
implementing a robust and extensible software architecture, solving real
problems regarding complex implementations, and giving any project an
excellent standard to be followed in multiple scenarios.

Learning advanced concepts of interfaces and inheritance gives you a chance
to apply those in real-life projects properly and gives you a better
understanding of legacy, third-party libraries and mainly the .NET platform,
in general since it massively uses interfaces, inheritance, and concepts such
as dependency injection and inversion of dependency.

In this chapter, you will have the opportunity to dive deeply into
implementing interfaces in C#, using inheritance, understanding how to use
its concept in distinct scenarios, implementing testable, reusable functional
code, and always taking the benefits of best practices of object-oriented
programming.

Structure

In this chapter, we will discuss the following topics:

e Implementation of interfaces

o Testability of interfaces

* Dependency injection concepts

e Concepts of inheritance in C# language

Objectives




After studying this unit, you should be able to understand interface concepts,
apply interfaces using C# language, use inheritance in .NET Core projects,
create fundamental applications with the best practices of interfaces and
inheritances, and build testable classes

Implementation of interfaces

Interfaces in C# are the most efficient way to simulate the behavior of
multiple inheritances, considering that .NET does not support multiple
inheritances consisting of a single class derived from more than one class.
An interface represents a contract that should be followed by any class that
implements it; the same happens in legal contracts. Once a method or
property is defined in the interface, the class using that interface must
implement all the interface specifications as mandatory.

Traditionally, an interface contains just signatures and not implementation.
However, C# 8.0 brought a new functionality that allows us to specify
default implementation for methods, and it represents an alternative to
abstract classes in specific scenarios. By definition, an interface is a group of
methods and properties required for each class that needs to use the
interface. It gives consistency and integrity to software development and
makes it easier to test, change, and extend functionalities.

There are advantages and clear benefits of interfaces because it adds loose
coupling to the design and software architecture; the possibility to create
reusable components helps in maintainability and decreases the risk of
introducing issues in the project once the implementation is separated from
the interface, which contains a single specification.

For instance, imagine the need to implement a system that allows users to
register different types of products. All the products share similar basic
properties and characteristics. Still, they have relevant differences that are
reasonable to use an interface containing all the properties common to all
products. A few products can have distinct specifications, such as ideal
temperature and expiration date. And other products can have even new
properties, such as legal requirements and roles based on safety. Considering
how various the products could be, it is not possible in object-oriented
programming to create a single class that would have all the potential
properties and methods for all products and would universally represent
every specific situation.



Therefore, Figure 5.1 represents a simple example of the interface for the
product:

[E#] IntefacesBook - | 0 Interfaces.Product
1 - namespace Interfaces
2 {
- public interface IProduct
{
L int Id { get; set; }
string Name { get; set; }
8 decimal Price { get; set; }
18 int HeightDimension { get; set; }
11
12 int WidthDimension { get; set; }
13
14 public int Type { get; set; }
15
decimal CalculateDiscount();
1 ¥
18 }
:,__.

Figure 5.1: Product interface

In that case, the interface called IProduct has all the methods and properties
that would be shared by all the product classes that will implement its
contract. In the given scenario, the classes must define the logical routine for
the method responsible for calculating the discount, and the compile will
throw an error if the method does not have the same signature and name.
The method is a part of the contract and should be followed by every class
that refers to that interface. In that way, we guarantee uniformity between the
pieces of code that represent the same context. To use interfaces in C#
language, you must refer to them after the class name, similar to what is
done for inheritance. If the implementation of properties, methods and
events is missing in the class, the Visual Studio will show an error indicating
which specification of the interface has not been implemented, as shown in
Figure 5.2:



[68] ImtefacesBank - ; 1 IntefacesBack.MobdeP hone

1 using Interfaces;

2

3 - namespace IntefacesBook

public class MobilePhone: IProduct
- { 07 | e interface IMerfaces Prodi
}
} ‘MatdePhone' does not implement interface member Wreduct Jd°

g ‘MobdePhone’ does not implement interface member Wroduct Name'
18 ‘Mobdelhone' does not implement inferfste member WreduckPrice’
11 ‘MobdePhene' does not implement interface member Wroduct HeghtDimentsion®
12 'MobdePhene’ dees not mplement interface member Product WidthDimension'

=
13 ‘MobdePhone’ does not implament interface member Product. Tipe
14 ‘MabdePhone' dees not implement interfsce member Preduct CaloulmeDiscount()'
15
5 Sheowe potential fives (A= Enter or Cir+)
17
18
19
28

Figure 5.2: Interface implementation error

In this example, a class called “MobilePhone” was created. As the interface
was not implemented, it is impossible to compile the project in Visual Studio
until the entire interface is implemented. Considering the class can contain
properties and methods apart from the required ones defined by the interface,
it is possible to give a particular behavior for each product. The correct
implementation of the IProduct interface would be as shown in Figure 5.3:



Mabiernonecs = x I
| IntefacesBook | %% IntefacesBook MobilePhone

2

- namespace IntefacesBook

4 {

5 public class MebilePhone : IProduct

(] {

7 public int Id { get; set; }

8 public string Name { get; set; }

9 public decimal Price { get; set; }

10 public int HeightDimension { get; set; }

11 public int WidthDimension { get; set; }

12 public int Type { pet: set: }

13

14 public string InternetPlan { get; set; }

15

16 = public decimal CalculateDiscount()

17 {

18 return &.3m;

19 }

28 }

21 }

72

Figure 5.3: Interface implementation

After creating the properties and methods with the same signature as
required by the interface, Visual Studio does not show any error messages
anymore. Further future changes in the interface will directly affect all the
classes that contain its implementation. As seen in the implementation class,
a property called “InternetPlan” was created. In that context, it applies
only to the Mobile Phone class; therefore, it is possible to extend the classes
despite the mandatory implementation defined by the interface. Furthermore,
a specific logic for the discount was implemented in the underlying method,
which can be particular for each product class.

If most of the products would share similar discounts, as was discussed
earlier, it is practical to specify default logical statements in interfaces
regarding members and methods, as shown in Figure 5.4:



Products -+ |

IntefacesBook -; 0 |nterfaces.|Product
1 -namespace Interfaces
2 {
3 = public interface IProduct
i
5 int Id { get; set; }
B
7 string Name { get; set; }
8 decimal Price { get; set; }
B
18 int HeightDimension { get; set; }
11

int WidthDimension { get; set; }

14 public int Type { get; set; }
15

16 = decimal CalculateDiscount()
17 {

18 return @.3m;

19 i

20 }

21 [}

Figure 5.4: Interface implementation

In that case, the default value of the discount for all products will be “0.3”,
and if the method in the interface has a default implementation, the compiler
will not show any errors. That feature is only available since version 8.0 of
CH#.

In terms of flexibility, the use of interfaces allows us to switch between
different classes that implement the same interface, being possible to build
generic logical routines that can be easily extended and modified without a
significant impact on the software. The interface can be used as a parameter
in methods and the creation of variables, as shown in Figure 5.5:



[ IntefacesBook = | %% IntefacesBook Program
1 -using Interfaces;
2 using System;
using System.Collections.Generic;

- namespace IntefacesBook

£
class Program
{
- static void Main(string[] argzs)
18 {
11 ist<IProduct® productlist = pew List<IProduct>();
12
13 IProduct productl = new WashingMachine()};
14 productl.Name = "Washing Machine™;
15
16 IProduct product2 = new MobilePhone():
17 product2.Name = "Mobile Phone™;
19 productList.Add({productl);
i productlist.Add(product2);
L1
22 - foreach{var product in productlist)
2 {
24 Console.WriteLine{product.Mame};
2 1
26
27 Console.Read();
.J:. _‘I’
26 }
3 }

Figure 5.5: Generic objects with interfaces

A generic list of IProduct types was created, and the list was populated with
two items of different classes: “WashingMachine” and “MobilePhone.” Both
of them represent a distinct implementation of IProduct class, but for the
compile, they are as they were of the same type because they share the same
interface. It allows us to easily extend that functionality by referring more
classes for other kinds and making joint operations as if they were the same
type, such as looping the list to show results or saving a collection of objects
in a database.

Multiple interfaces

Since the first version of the .NET platform, multiple inheritances are not
possible for C# language, but a similar result can be achieved using multiple




interfaces, although the limitation of this feature is in comparison to a whole
multiple inheritance concept. In our sample scenario, an online store can
have products sold only as online products, such as online books and other
info products. For these types of products, the system may have specific
characteristics that are valid only for this product category. Other properties
for non-online products are not suitable for online ones, such as the
properties regarding product dimension. Pondering this issue, splitting the
interfaces into specialized ones is recommended and that will contain the
properties and methods related to the particular categories of products, as
shown in Figure 5.6:

Interfaces.cs o

E IntefacesBook -‘i =0 |ntefacecBook. Product
7 - public interface IProduct
8 {
9 int Id { get; set; }
18
11 string Name { get; set; }
12 decimal Price { get; set; }
13
14 public int Type { get; set; }
15
16 = decimal CalculateDiscount()
17 {
13 return @.3m;
19 | }
20 }
2]
22 = public interface IPhysicallProduct
23 {
24 public int HeightDimension { get; set; }
25 public int WidthDimension { get; set; }
26 }
27
28 = public interface IOnlineProduct
249 {
e int DownloadSize { get; set; }
3 }




Figure 5.6: Multiple interfaces

Instead of having a single generic interface for products, the system might
have multiple interfaces that contain specific properties that apply to
particular scenarios. For instance, the info related to download size exists
just for online products and dimensions only for physical products. All the
standard specifications for the available products can belong to the IProduct
interface with fewer properties than the previous example. Using the
multiple interfaces concept, the Washing Machine class would refer to two
interfaces, as shown in Figure 5.7:

] IntefacesBook - | * IntefacesBook.W 1_~!:-|--._|!.!::.'I| rLE
| “namespace IntefacesBook
2 {
3 = public class WashingMachine : IProduct, IPhysicallProduct
Fil {
5 public int Id { get; set; }

6 pﬁblﬁc string Name { get; set; }

puﬁlic decimal Price { pet; set; }
8 pﬁblic int HeightDimension { get; set; }
g puﬁ]ic-int WidthDimension { get; set; }

16 public int Type { get; set; }

Figure 5.7: Multiple interfaces

The properties ID, Name, Price, and Type are being implemented forced by
the interface IProduct and the properties HeightDimension and
widthDimension are specifications of the IPhysicalProduct. If the system
has an online product such as online books or electronic products, the
IOnlineProduct interface should be referred to in the underlying class, as
shown in Figure 5.8:



[€®] IntefacesBook - *iz intefacesBook.EletronicBook
! - namespace IntefacesBook
2 {
= public class EletronicBook: IProduct, IOnlineProduct
1

5 public int Id { get; set; }
public string Name { get; set; }
public decimal Price { get; set; }
public int Type { get; set; }

9 public int DownloadSize { get; set; }

18 h

11 }

12

Figure 5.8: Multiple interfaces

In that case, the class does not contain any specific reference to dimension,
but it implements the property regarding download size. There is no
limitation to the number of interfaces used in a class. It gives us flexibility
and consistency across the software project in terms of the same pattern
being used by all the classes related to products.

Testability of interfaces

One of the significant issues in the market associated with software projects
is the difficulty of testing the functionalities efficiently. The leading cause is
the high coupling between methods and components in the software, making
the software harder to test. There are many ways to reduce the dependency
between classes in object-oriented programming, such as SOLID principles.
Following the best practices of software development allows us to develop
systems where the architecture has high flexibility and maintainability to
increase the quality of software.

With the use of interfaces, it is possible to cover more cases of tests faster
and easily mock classes that will simulate the original classes we are trying
to test. For example, a real case scenario can have a method in a class
responsible for making database operations. Regarding the classes that
implement the IProduct interfaces, even the software can have hundreds of
classes that implement the interface; it is possible to cover an appropriate



amount of code in the tests if the system contains methods that have the
IProduct interface as a parameter, instead of the implementation of it, as
shown in Figure 5.9:

edscomacs = T
E# IntefacesBook - *= IntefacesBook.ProductData

1 Enamespace IntefacesBook

2 {

3 - public class ProductData

B {

5 - public void Create(IProduct pr )}

b {

2

& }

18 = public void Update(IProduct prod )

11 {

12

13 || }

14

15 - public void Delete(IProduct product)

16 {

17

3 }

19

28

21 }

22 }

23

Figure 5.9: Database operations for products

As the system can have a wide variety of product types, all of them share the
same database operations in the given scenario. It means that the create,
update, and delete methods on the class “ProductData” can be called
passing as a parameter for any class that implements the IProduct interface.
This approach facilitates the effort in writing unit tests. Also, it helps in the
maintainability of software in all the places where the methods are being
called, as shown in Figure 5.10:



=] IntefacesBook -' "% IntefacesBock Program

| - namespace IntefacesBook

2 {

3 = class Program

A {

5 - static void Main(string[] args)

a | {

7 RE WashingMachine washingMachine = new WashingMachine()
8 {

4] Name = "Whasing Machine",

18 Price = 150

11 - }

2 |
13 e MobilePhone mobilePhone = new HobilePhone()
14 {

15 Name = "Mobile Phone",

16 Price = 160,

17 InternetPlan = "Unlimited"

15 1

19 |
20 % EletronicBook eletronicBoock = new EletronicBook()
21 | {
22 Name = "Eletronic Book",
23 Price = 25,
24 DownloadSize = 2600
25 . 5
% |
27 ProductData productData = new ProductData();
28

39 productData.Create(washingMachine);

30 productData.Create{mobilePhone):

31 productData.Createf{eletronicBook);

2 }

33 ¥

34 ¥

a5

Figure 5.10: Testable classes using interfaces

Although the example contains instances of objects from three distinct
classes, all of them can be passed as a parameter to the “create” method of
the class “ProductData” because the method expects to receive an
implementation of the interface IProduct.

Dependency injection

In general, one of the most notable and visible characteristics of .NET Core
is the extensive use of the dependency injection concept, mainly in Asp.Net
Core applications. Over time many concepts of programming, object-




oriented paradigm, design patterns, and software architecture have become
widespread in the market, and they are transformed into common sense as
many companies and developers have attested the benefits of certain
practices in software development, and dependency injection is one of those.
To understand its concept properly, let’s take a look at the following Figure
5.11:

=| ®s intedecesBonk [

E® IntefacesBock
- namespace IntefacesBook

{

public class D

f
L

private IDocumentConverter PDFConverter = new POFConverter();
private IDocumentConverter ExcelConverter = new Exce erter();

public void ConvertDocumentToPDF (int documentld)
{
.POFConverter.Converter{docunmentId);

}

public void ConvertDocumentToExcel({int documentId)
{

.ExcelConverter Converter{documentId);
}

Figure 5.11: Dependency inversion example
In this example, there are two explicit dependencies:

e The “Document” class depends on the “PDFConverter” and
“ExcelConverter” to fully achieve its objective.

e Suppose the “Document” would have more methods that don’t
necessarily call any method from external classes. The “Document”
class can work without the other two associated classes, but the strong
dependency is still there.

In other words, the document class directly depends on the PDFCoverter and
ExcelConverter classes, and obviously, they represent dependencies of the
Document class. Considering that usually, the conversion of the document
involves third-party libraries, depending on how we implement the
Document class, its maintainability and testability will be harmed. The
associated classes in the example are highly coupled to the document class
because this implementation violates the open-close principle, which states



that the classes in object-oriented programming should be open for
extensions but closed for modifications in their behavior.

There are many good technical ways to reduce the dependency between
classes. In the example, a better design can be achieved by passing the
parameters in the constructor of the Document class as interfaces instead of
creating instances of it as a private at the beginning of the class, as
demonstrated in Figure 5.12:

oot =

28] ImtefacesBook = | 2 IntefecesBook Document

{

public class Document

i
private IDocumentConverter _pdfConverter;
private IDocumentConverter _excelConverter;

] - public Document({IDdcumentConverter POFConverter, IDocumentConverter ExcelConverter)
9 {
ia _pdfConverter = PDFConverter;
_excelConverter = ExcelConverter;

public void ConvertDocumentToPDF(int documentId)
{
._pdfConverter.Converter{documentld);

}

19 - public woid ConvertDocumentToExcel(int documentId)
e {
21 ._excelConverter,Converter{documentId);

22 }

Figure 5.12: Document class using dependency injection

With this approach, you can implement PDFConverter and ExcelConverter
classes in the Document class and reduce the coupling between all these
classes. Beyond that, it consistently improves the testability and reusability
of the Document class once it is possible to mock the conversion classes in
case it is necessary to apply tests in the Document class without needing a
dependency on the third-party libraries. Another important extra factor is
that if there is a software requirement change that includes the support of
conversion to other formats, the modification in the Document class would
be minimal if the new converter class implements the same
IDocumentConverter interface.



Inheritance in C# language

Inheritance is one of the most basic features in object-oriented programming,
once reusability is a central point in this paradigm. This feature allows us to
create child classes that inherit methods, properties, and events of a parent
class, being possible to overwrite and specialize the behavior in the child
class. As mentioned earlier in this book, the C# language allows us to use
only one inheritance. However, it is possible to achieve a feature similar to
multiple inheritances using inheritance at multiple levels or interfaces.

Considering the example that was used in the previous section regarding
interfaces, the use of inheritance for the product class would have a parent
class for the Product, as shown in Figure 5.13:

[2%] InhenitanceBookExample _ -: #3 InhentanceBookExample.Praduct
1 - namespace InheritanceBookExample
2 {
- public class Product
L {
5 public int Id { get; set; }
6 public string Name { get; set; }
7 public decimal Price { get; set; }
8 public int Type { get; set; }
0
19 - public decimal CalculateDiscount()
11 {
12 return @.5m;
13 }
14 1
15 }
1A

Figure 5.13: Product base class

With this base class, any child class must refer to the Product class, being
possible to specify other properties and methods, as shown in Figure 5.14
regarding the MobilePhone class implementation:
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[ InheritanceBookExample
—namespace InheritanceBookExample

- | #3 InheritanceBookExample.MobilePhone

public class MobilePhone : Product

1
public int HeightDimension { get; set; }
puhiic”int WidthDimension { get; set; }
public string InternetPlan { get; set; }
}

Figure 5.14: Mobile phone class as a child

Considering the class inherits of Product class, it is unnecessary to specify
any properties and methods in the parent class. The MobilePhone class can
only have specific properties and methods that apply to the child class. If we
try to use any members from the parent class, then the compile for C#
language will interpret as they would belong to the child class, as shown in
Figure 5.15:

progames =

InheritanceBookExample

1
2

Lt

£

b

18
il
12
13
14

- I‘-‘-n. InheritanceBoakExample.Program

| Elnamespace inﬁeﬁitanceéookéxamplé

{

class Program

{

static void Main(string[] args)

%
MobilePhone mobilePhone = new MobilePhone();
mobilePhone.Name = "Mobile Phone";
mobilePhone.Price = 108;
mobilePhone.InternetPlan = "Unlimited”;



Figure 5.15: The use of mobile phone class

The properties Name and Price are visible after creating an instance of
MobilePhone class as they would be part of it. Considering a system in that
context could have hundreds of distinct types of products, that is one of the
advantages of using inheritance because all the implementation from a single
parent class is being reused, and effort to implement the software is
significantly reduced.

The inheritance contains aspects regarding accessibility that can be used to
determine the visibility of any of the members from the parent class. If a
property or method is specified as private, it is visible only by the class itself
and not by the child class, as shown in Figure 5.16:

P — S

2

3 - namespace InheritanceBockExample

4 {

g = public class Product

6 {

7

8 aTE -

9 public int Id { get; set; }

1@ public string Name { get; set; }
11 public decimal Price { get { return _price; }}
12 public int Type { get; set; }

14 = public decimal CalculateDiscount()
15 {

16 return @.5m;

17 1

18

19 - private void SetPrice()

20 {

21 _price = Convert.ToDecimal(1ee * 8.9);
22 . }

23 b

24 }

25

Figure 5.16: Private method



Considering the use of the visibility modifier for the method setPrice, it is
only accessible by the Product class and not for any child that inherits from
the class. The same concept applies to properties and events. There are three
different ways to provide the accessibility for the SetPrice method to derived
classes:

e The method can be changed to the public, which means that any other
class, derived or not, can access the method. In the Product class
example, it is being applied for the properties Id, Name, and Price.

It is possible to change the modifier to internal. In that case, the method
will be visible by any other class that is in the same assembly as the
base class. This feature is quite helpful in cases where there are
requirements to avoid the access of specific methods or classes
between layers in the systems. For instance, we may want to avoid a
method of the Database layer being called and used directly in the
View layer. To avoid this situation, the database and view layer should
belong to separate projects, and the methods in the database layer
should be marked as internal.

 If it is necessary to restrict the visibility of a method to derived classes,
the protected modifier must be used to achieve this objective.

A critical feature in inheritance is the ability to override members if the
derived class needs to change the default behavior provided by the parent
class. Applying inheritance with the possibility of changing the behavior of
methods by child classes is compatible with the idea of polymorphism, as
the classes relate to each other, but they may perform different tasks when
executing methods.

In the example, if the keyword “virtual” is included in the SetPrice method
signature, all the derived classes are allowed to implement and specialize the
behavior of the method using the override keyword, as shown in Figure
5.17:



3 —namespace InheritanceBookExample

4 1

5 = public class Product

6 { .

i | [properties
14 * public decimal CalculateDiscount()| .J
19 = public virtual wvoid SetPrice()
20 {

21 thiz.Price = Convert.ToDecimal(lee * 8.9);
22 | }
23 }

24 =
26 +

32
33 = public override void SetPrice()
34 {
35 this.Price = Convert.ToDecimal(1@8 * @.7):
36
37
38 }

Figure 5.17: Override in the derived class

Implementing the method in the “MobilePhone” class is slightly different
from the parent class. Considering the method in the Product class is marked
as virtual, a custom implementation in any child class is optional.

The inheritance in object-oriented programming allows us to extensively
reuse code across the system, reduce the time spent writing code, and
maintain consistency in implementing business requirements, as the classes
in a project must represent real-world scenarios.

Conclusion

Interfaces and inheritance are essential features in C# language that gives us
flexibility and bring to our projects high standards in terms of extensibility,
maintainability, testability, and other extra benefits, which are common sense
in the market associated with software architecture and good practices of
software development, reducing the costs of implementation, the effort spent




in building new projects and significantly minimize the risks reference to
legacy projects.

In this chapter, you learned how to create interfaces, apply its concept in
different scenarios, and how to take the benefits of building testable,
reusable, and extensible applications using the C# language. Also, you had
the opportunity to learn about inheritance in an object-oriented paradigm and
got familiar with the accessibility and visibility of class members.

In the next chapter, you will have the chance to learn the basic concepts of
design patterns and how to apply them in different scenarios to build high-
standard enterprise applications and solve problems that you could face in
many projects.

Points to Remember

e The C# language does not support multiple inheritances but can use
multiple interfaces.

» Interfaces give consistency to the software architecture and increase
aspects of the testability of the classes.

e Dependency injection is primarily used in .NET projects, and its
concept helps us to reduce the dependency between classes and
components.

 Inheritance is the best way to reuse code in the OOP paradigm.

Multiple Choice Questions

1. Which version of C# introduced the possibility of having default
implementation in interfaces?

a. 7.2
b. 8.0
c. 1.0
d. C# does not support this feature

2. How many inheritances are allowed in the C# language associated
with a class?

d. one



b. two
c. five

d. unlimited

3. What modifier restricts access to a member of the same class?

a. protected
b. public
c. internal

d. private
4. How many interfaces can a class implement?

a. two
b. unlimited
C. none

d. one

Answers

1.b
2.a
3.d
4.b

Questions

1. Explain the difference between parent class and interface.

2. Explain the concept of dependency injection.
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CHAPTER 6

Basic Concepts of Design Patterns

Introduction

The object-oriented programming paradigm is a fundamental knowledge in
software development, which allows us to technically implement complex
scenarios that represent a massive challenge in keeping high quality and
following the best coding practices. To help developers create extensible and
flexible enterprise applications, a series of patterns in terms of software
architecture was stated in the market and focused on solving problems in any
software project.

Learning the basic concepts of design patterns gives you a chance to apply
those in real-life projects properly and provides a better understanding of
projects based on the .NET Core platform. Nowadays, the knowledge of the
principal design patterns in C# language is essential to achieve the full
potential of the crucial benefits of object-oriented programming.

In this chapter, you will have the opportunity to overview the most common
design patterns using the C# language and understand how to use their
concepts in real projects, implement applications in distinct scenarios, and
meet appropriate situations.

Structure

In this chapter, we will discuss the following topics:

e General concepts of design patterns
e Singleton, Facade, and Adapter patterns
e Observer, Builder, and Factory patterns

Objectives

After studying this unit, you should be able to understand design pattern
concepts.




You will be able to apply design patterns using C# language and also
understand in which scenarios the design patterns can be used

General concepts of design patterns

If we compare its maturity to other more consolidated sciences, such as civil
engineering and mathematics, software engineering is a relatively new area
of knowledge. A software project has an abstract structure and high
mutability, characteristics that make the software development process
equally abstract and complex. Once civil engineers do a traditional building
project, it is possible to build prototypes, make simulations, and calculate to
ensure that the location and planned resources are enough to finish the
project on time and meet the expected results. In this process, other similar
buildings are usually verified to get all the inputs learned and documented
from past experiences to follow the good practices of the market and avoid
making similar mistakes that were made in other related projects.

Considering civil engineering is a millennial science, the documentation and
knowledge gained from many projects are vast and relevant, and all the
practices are well shared among all the professionals in the related area.
Software engineering can be compared with other areas once software
projects, in general, can share similar problems that need to be solved in
terms of architecture and implementation. Therefore, it is possible to
determine a guideline for good practices in software development and
models that can be used in projects with similar structures and requirements.

Considering that context, Design Patterns in software development represent
a collection of solutions for problems that frequently can be found in real
scenarios, and in general, they are stated by the technical community and
professionals in the market that have spent the necessary time identifying
these patterns and verifying the level of their occurrence in distinct projects.
In the following sections of this chapter, you will have the opportunity to
familiarize yourself with the following patterns, which are common in .NET
Core applications: Singleton, Facade, Adapter, Observer, Builder, Factory,
Model-View-Controller, and Decorator.

Singleton pattern



The Singleton pattern is one of the most used and known design patterns
among .NET developers once its objective matches many scenarios used in
web and desktop applications. As its name suggests, the Singleton pattern
consists of keeping a single instance of a specific object for the entire
application; the single object is globally accessible. This kind of
implementation can be helpful in terms of performance and consumption of
resources in the server once a single instance of the object is presented in the
memory. A shared instance of an object is primarily used for caching
operations, logs, database connections, and HTTP requests. There are some
advantages to this approach, depending on the scenario. In other scenarios,
using a singleton pattern is not recommended, mainly in cases where the
object's state must be different across the system in multiple concurrent
accesses. For example, imagine a scenario where it is necessary to
implement a routine in an online store project to record the transaction logs
in an external resource like a text file.

Considering there is a limitation of concurrence; in that case, it is possible to
write only one log at a time, and the system needs to be designed to support
that requirement and guarantee that the entire application will use a single
instance of the object responsible for writing these log operations. The
proposed scenario is represented in the following image:
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Figure 6.1: Log operation

Considering the access to the object responsible for making the log
operations can happen simultaneously in the system, if the code is not
designed to prevent concurrence, there will be a huge chance to have
multiple attempts to write in the file at the same time, which will cause an
error in the system; considering the operating system will block the file
while a log is being recorded. The singleton pattern is an excellent
alternative to avoid unexpected multiple simultaneous access to the file. To
achieve this objective, it is necessary to use the static class concept in C#



language and guarantee that access to the object is locked when the object is
currently being used in a call, as shown in Figure 6.2:

T Designfatterncfxample A

namespace DesignPatternsExample

- {

3 - public sealed class OperationLogger
4 i
5 private static volatile OperationlLogger _operationlLogger;
private static readonly object _lockProperty = new object();
8 - private OperationLogger()
9 {
18
11 }
13
13 - public static OperationLogger GetOperationLogger()
14 {
15 if {_operationLogger == null)
{
1/ lock {_lockProperty)
18 {
19 - if (_operaticnlLogger == null)
. {
21 _operationlogger = new OperationLogger();
2 1
23 }
24 }
25
26 return _operationlLogger;
27 }
28 T
3 }

Figure 6.2: Log operation

In this example, there is a class called “OperationLogger” with a static
property that contains a verification if a single instance of the logger is null.
The routine guarantees that a new instance is created inside a lock statement
if null. Every place and all the time this class is called, verification in the
lock property will be made, and access to the resource will be locked. That
means if there are many accesses to the static property in the system, they
can only get it one after the other sequentially. The lock statement will force
the subsequent request to wait to be processed. It allows the system to write
the log once at a time and avoid concurrence in the resource.

The Asp.Net Core Web applications give the possibility of using singleton
pattern combined with dependency injection concept in the initialization of
the application, as shown in Figure 6.3:



public class Startup

{

public Startup{IConfiguration configuration)

{

Configuration = configuration;

H

16 public IConfiguration Confipuration { get; }
public void ConfigureServices{IServicefollection services)
{
services.AddControllersWithViews();
services.AddSingleton<DperationLogger>();
}
public void Configure(IApplicationBuilder app, IWebHostEnvironment env). .

Figure 6.3: Singleton in Asp.Net Core applications

In that case, the class itself does not need to have a static property
implementing the singleton pattern because the .NET Core application will
guarantee the singleton pattern behavior for the class across the application.
Every place where an object of this class will be injected will use the same
instance. The singleton pattern is massively used in .NET Core, mainly for
external resource interaction such as HTTP requests, database connections,
and other purposes.

Facade pattern

The primary purpose of the Facade pattern is to simplify the use of complex
operations between systems, modules, or projects in a solution, allowing
abstracting multiple related operations in a higher-level interface to be easily
consumed. One of the good practices of software architecture is the concept
of encapsulation, which means that other structures must use a method or
class in the software without necessarily providing information on the
implementation they are making internally. Therefore, it is recommended not
to expose the complexity of classes in object-oriented programming, and the
use of specific resources or methods will be transparent to other parts of the
software. The Facade pattern helps us to achieve this objective once it is
possible to abstract the complexity of various complex and combined
operations using a simple and unique interface that will be provided to other




classes across the system. This approach is primarily used in integrations
between systems and clearly, simplifies the communication between distinct
components; always considering the fact that one side of the integration
surely will change in complexity, evolving its functionality or implementing
new business requirements.

For example, imagine a scenario where an online store needs to consume
products and services from different companies and even other online stores.
Even if the products come from different systems and distinct locations, the
experience for the user in the frontend layer will abstract that complexity.
Even though the source is different for each type of product, there are similar
points between all those in terms of transaction and payment. For the final
user, the experience would be like a single system has been accessed, and the
complexity of the consumption of many subsystems will be transparent, not
only for the final users themselves but for the frontend layer in the software
as well. Creating a single access point for all these services will help in the
maintenance, evolution, and tests of the software once a unique structure is
kept centralizing those operations, as shown in Figure 6.4:
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Considering a real scenario might have hundreds of distinct types of
projects, it is better to create a single point of implementation for handling
all the operations regarding all the common operations that could be made

Figure 6.4: Facade pattern

by an order process, as shown in Figure 6.5:



41 - public class OrderProcessFacade ; IOrderProcessFacade

42 {

S private readonly IOrderRepository _orderRepository;

45 private readonly IOrderItemRepository _orderItemRepository;
47 - public OrderProcess InsertOrder(OrderFrocess order)

48 {

43 var newOrder = _orderRepository.Insert(order);

5@

51 foreach (var item in order.Items)

52 {

53 newOrder.AddItem(_orderItemRepository.Insert{order, item)};
54 1

56 return newOrder;

57 }

58 by

59 }

Figure 6.5: Facade example

Instead of directly using a class called “orderProcess”, a centralized class
was created to be a single access point to multiple classes that implement the
common interfaces I0rderRepository and I0rderItemRepository. To keep
good coding practices, if a particular pattern is used, we must refer to the
pattern name in the interface or class name as was done with the class
“orderProcessFacade.” In software development, many concepts are related
to each other. It is possible to easily correlate the Facade pattern with other
principles in the object-oriented programming paradigm, such as S.O.L.I1.D
principles. All design patterns' primary objective is to give the software
high-maintainability and flexible architecture.

Adapter pattern

The Adapter pattern is one of the most used patterns in projects of software
that implement object-oriented programming considering almost all the
libraries responsible for connecting applications with databases using that
pattern in the .NET platform to have a simple and common pattern between
the C# language and database operations. This pattern is responsible for
converting a specific implementation to one understandable by the software,
which is consuming that resource, increasing the reusability of libraries in
legacy and different projects. This pattern is highly recommended when a




class does not have an interface but at the same time needs to be primarily
used. Furthermore, it is possible to implement this pattern when an adapter
needs to be created without changing the interface used by an existing class.

For example, imagine a scenario where there is a system that uses a specific
class to get product information for an online store. The same class has a
method to return a list of products in a specific format (XML), but we need
to handle this information across the system in JSON format instead of it. In
software development, there are many ways to achieve this objective: one of
them could be changing the original class to return the list of products in the
expected format or even converting the list of products to JSON wherever
needed. But, considering the good practices of software development, which
state that avoiding behavior changes in an existing class is recommended, we
must extend the functionality to achieve the objective instead of changing
the original class. The original class in this hypothetical scenario has a
method called “6etAllProducts,” which returns an XML with a list of
products, as shown in Figure 6.6:

15 = public class ProductManager
16 {

public List<Producty products;

13 public ProductManager()

20 i

21 products = new List<Product>();

22 products.Add({new Product { Id = 1, Name = "Product A" });
23 products.Add{new Product { Id = 1, Nawme = "Product B" });
24 products.Add{new Product { Id = 1, Name = "Product C" });
25 _ H

26

27 - public string GetAllProducts()

28 {

29 var parser = new XmlsSerializer({products.GetType()):

3@

31 using (var stream = new Stringliriter(})

32 using (var writer = Xmllriter.Create(stream, null))

33 {

34 parser.Serialize{writer, products, null);

s return stream.ToString();

36 }

37 ¥

38

39 }

Figure 6.6: Product Manager class



The class states that XML is the result expected for all the clients that will be
consuming this method, which in real scenarios is not necessarily true. One
possibility would be to ask the library owner to provide the return in other
formats, which might not be a reasonable option when external libraries are
being used. An alternative would keep the original class as it is and extend
the functionality creating an adapter to convert from XML to JSON in a
centralized place, as shown in Figure 6.7:

43 = public interface IProduct

44 {

45 string GetAllProducts(};

46 }

48 - public class ProductAdapter: ProductManager, IProduc
49 {

58 - public override string GetAllPreducts()

51 {

52 string returnXml = base.GetAllProducts();
53 ¥mlDocument document = new XmlDocument()};

54 document. LoadXml(returnXml);

55

56 return JsonConvert.SerializeObject(document,
57 Newtonsoft.lson.Formatting.Indented);

58 }

53 }

v
E I ]

Figure 6.7: Product Adapter

In this example, an adapter class called “ProductAdapter” was created to
manage the conversion from XML to JSON. That means the client classes
will use and call this adapter instead of the original class; considering the
objective is to use only the return in JSON format in that context.

This pattern is used mainly for database operations once the source has
stored data in a specific format. The target projects need to consume and
receive this data in a format understandable by a programming language
such as C#, which expects to handle the return in JSON, Datatable, string,
and other types known by the language.

Observer pattern




This pattern is extensively used in C# language, and it can be easily found in
the .NET platform in cases where user interfaces need to be notified about
changes in their state based on backend changes, such as desktop
applications and Blazor components. The main objective of this pattern is to
allow objects to subscribe and receive notifications from another class or
provider. This provider must implement the interface IObserver to achieve
this goal. Additionally, this pattern is helpful in all cases where the system
needs to use push notifications, which are common in mobile applications.

For example, in an Observer pattern implementation, imagine a scenario
where an online store exists and every user trying to buy a particular product
needs to have updated information about the product on their screens, such
as price, product description, and availability. Each operation in the
management system that changes the store's product state must notify all the
customers of a transaction in progress. That validation is essential for this
kind of business and aims to avoid unexpected behavior of the system and
legal problems. The Observer pattern can be used to achieve its objective,
and it is mandatory to have at least two classes in this process: an observer
class and another to be observable.

Considering the context of this example is related to Product, we must create
a notifier class using the IObserver interface, passing the underlying
Product class to the interface, as shown in Figure 6.8:



[F] DesigniscternsExsnphe

using System;

- namespace DesignPatternsExample

4 {

5 - public class ProductNotifier ; IObserver<Product:
& {

7 private IDizposable unsubscriber;

g : :

-

18 publi¢ ProductMotifier{string productName)

11 {

12 JdnstName = productName;

: i

13

15 public string Name, ..

28 . public virtual veid Subscribe(IObservable<Product> provider)[, . |
26 + public virtual void OnCompleted(}. ..|

31

32 + public virtual void OnError(Exception e). ..
37 * public void OnMext(Product product),. .|

41
42 . public virtual void Unsubscribe(}. ..

Figure 6.8: Product notifier class

Using the interface, IObserver requires implementing the Subscribe and
Unsubscribe, onNext, and onCompleted methods, which allows us to specify
custom implementation regarding these operations. The Subscribe method
must receive a provider object as a parameter considering the provider
represents the class responsible for implementing the notification operations,
as shown in Figure 6.9:



bl ] = public virtual veid Subscribe(IDbservablecProduct> provider)

21 {
22 if {provider l= null}
23 unsubscriber = provider.Subscribe(this);
24 }
25 - public virtual void Onlompleted()

! {

Console.WriteLline(“The price transmission was completed to {@}.", Name);

29 t Unsubscribe();
28 }

public virtual void OnError(Exception e)

33 {
34 Conzole.writeLine("{8}: The price cannot be determined.”, .Nama) ;
1

public void OnNext{Product product)

I8 {
35 Console.WriteLine("{2}: The current price is {@}, {1}", product.Price);
48 }
42 - public virtual void Unsubscribe()
3 {
unsubscriber.Dispose();
¥

Figure 6.9: Methods of the observer class

Usually, these operations are necessary to change the state of the
components in a screen regarding the class properties or could even make
log operations and notify external systems. On the other hand, the class
responsible for receiving the notification would have a similar
implementation as shown in Figure 6.10:



T DesigniPatterncExample =} "5 DesignPattermEvample Product Tracker. Unsubsonber
E -using System;

2 using System.Collections.Generic;

3

4 - namespace DesignPatternsExample

= {

= = public class ProductTracker : IObservable<Product>
7 {

8 private List<IChserver<Product>> observers;

g = public ProductTracker()
ie {
11 observers = new List<IObserver<Product>>():
12 || }
i3
14 ¥ public IDisposable Subscribe(IObserver<Product> observer).. |
20 o
21 i public void TrackProduct(Product product)|.. |
28
29 + public veid EndTPanEmissiDn{)ELL
37

38 . private class Unsubscriber |, .,

55

56

57 }

58 T

59

Figure 6.10: Observable class

The class must implement the IObservable interface, and by requirement,
the method Subscribe must receive the related observer class as a parameter
and implement the routine to add the observers the new observer, as shown
in Figure 6.11:



- namespace DesignPatternsExample

{

public class ProductTracker : IObservable<Product>

{

private List<IObserver<Product>> observers;

- public ProductTracker()

{
}

cbservers = new List<IObserver<Product>>();

public IDisposable Subscribe(IObserver<Product> observer)
{
if (lobservers.Contains(observer))
observers.Add(observer);
return new Unsubscriber(observers, observer);

}

. public void TrackProduct(Product product)[.. ]
+ public void EndTPansmission{}L,.

¥ private class Unsubscriber [, ..

Figure 6.11: Subscribe method

As seen during the section, the observer pattern is recognizable in legacy
project, and many libraries used with the.NET platform must adhere to the
same pattern and share similar interfaces once it has been implemented. The
same design pattern can be found in other languages and platforms, and you
will have the opportunity to be in touch with this pattern using JavaScript
and SignalR later in this book.

Builder pattern

The Builder pattern has the purpose of splitting and simplifying the creation
of complex objects by following the good practices of separation of concerns
between the representation of the class and the logic behind the creation of
the object. This pattern helps provide a better understanding of the
implementation for developers. It makes it possible to easily create a suite of




tests to validate the implementation; considering the fact, all the complex
operations are separated into clear and small steps.

Following the similar example that was already given in this chapter related
to products and related operations in an online store, imagine the scenario
where a product in the system should be a result of information provided for
different systems for a single product:

e The internal store system should provide the name.
e An external system maintained by partners should provide the price.

e The photos of the product should be provided by another external
database bought from another company.

Creating an object in this scenario is complex once the necessary
information comes from three different sources and evolving infrastructure
operations such as different API calls, database connections, and other
responsibilities. To simplify and separate the implementation of all these
distinct parts, the build pattern can be used, as shown in Figure 6.12:

using System.Net Http;

rarespace DesipnPatternsExasple
i
public class OnlineProductBuilder : Productiullder

{
private Product _product = new Product()s

public override woid BuildMame()

etpCliant elient = pane HEtpCliant ()}
._product.Name = clisnt.Getdsyne("/getProductiasse” ), Result. Content. Readrzstringhayne (). Result;

1

pubtlic override woid BuilldPhotos()
i
t client = new HttpClient():
17 _product.Photos = client.Getasync (" /getProductPhotos™ ). Result. Content . ReadisStringasync () .Result;
18 1
public override void BuildPrice()
£

ctpllient client = new Httpllisnt();
._product.Photos = client.Getlsync("/getProductPrice”).Result.Content. ReadAsStringAsync().Result;

Figure 6.12: ProductBuilder class

In this example, three distinct methods were created with a unique and clear
responsibility. In the creation of the product object, each method will be
called individually in a specific order if there is some requirement associated
with the order, as shown in Figure 6.13:



14 - public static void Main{string[] )

15 {

17 var builder = new OnlineProductBuilder();
18 builder.BuildName():

21 builder.BuildPrice();

2e builder.BuildPhotos();

21

22 var pro t = builder.GetResult();

24

25 }

Figure 6.13: Creation of objects using Builder

In this case, each method responsible for creating a specific part of the object
is called in sequence. In that specific example, an object of the type of
Online Product was created, which has its way of populating the product's
properties. Each type of product can have its own builder class where it can
customize all the individual operations.

Factory pattern

The Factory pattern reduces the dependency between components in the
software, encapsulating the complexity of classes, operations, and distinct
types to other classes that consume specific resources. This concept is
hugely used in the .NET Core platform, and the implementation is
intrinsically related to the concept of dependency injection. One of the most
significant improvements in projects based on .NET Core comparison to
.NET Framework is the possibility to register classes and services to be used
as Factory in the startup class and inject these objects to other classes across
the software without exposing it.

For instance, imagine a scenario where there is an external service that
would be used in many parts of the project. There are two main objectives
and requirements, such as having the possibility to use mockups to test the
components associated with the external service and to avoid the creation of
the same object several multiple times in other classes. To achieve this
objective, in Asp.Net Core applications, it is possible to specify services in
the file Startup.cs class and use single or multiple instances of the object in
Controllers, as shown in Figure 6.14:



5 - public class Startup

11 . public sStartup(IConfiguration configuration)
12 [ {

13 Coenfiguration = configuration;

14 ¥

16 public IConfiguration Configuration { get; }

18 - public void ConfigureServices(IServiceCollection services)
1% {
8 seryices.AddControllersuithViews();

2z I services. AddSingleton<ExternalServicer(); I

23 | 3

25 + public void Configure(IApplicationBuilder app, IWebHostEnvironment env)[, ..

Figure 6.14: Factory Pattern

In this example, every class in the software that contains in the constructor a
parameter with the same interface as the class Externalservice will receive
by dependency injection the single instance of the external service object, as
shown in Figure 6.15:

g “namespace DesignfatternsExanple.Controllers

& i

public class momeController @ Controller

B 1

s 1 private resdonly IExtermalService _externalService;

18

11 I= public HomeController{IExternalService extarnal lce)
12 i

13 | externaliervice = _externalService;

14 | b

bl public IfctionResult Indexf)

=4 ¢

B raturn View();

i9 T

I

a1 - public IActionResult Priwvacy()

22 £ i

23 raturn View();

24 1

1

26 [ResponseCache(Duration = @, Location = ResponzeCachelocation None, NoStore = true)]
27 - public TActionResult Error()

B | {

L] raturn View(new ErrorlViewtods]l { RequestId = Acrivity.Currant?.Id 7 Httplontext.Traceldantifiss });
el | 1

b T

iz }

Figure 6.15: Dependency Injection



Considering an interface is being used for injecting the external service in
the Controller, it is possible to create a mockup class in case of an
integration test is required. This feature is used mainly for database
connections, HTTP requisitions, stream services, and other operations that
depend on external resources.

Conclusion

As seen in this chapter, the design patterns are broadly used in .NET projects
using C# language and object-oriented paradigm and provide exciting and
useful features and benefits such as solutions to build robust enterprise
applications with the applicability of the best practices of software
development used in the market by big companies in terms of software
architecture and testability that allow us to reduce the dependency between
components in the projects and to make the maintenance easier.

Considering that design patterns are used in many libraries and projects on a
global scale, it is mandatory knowledge to understand legacy projects and
simplify the development of new projects that demand high quality in terms
of practices and reusability, reducing the costs of projects, and minimizing
the risks regarding software maintenance.

In this chapter, you learned how to use the most common design patterns in
.NET projects such as Singleton, Builder, Factory, Observer, Facade, and
Adapter by applying their concepts to solve different problems in software
development. Additionally, you had the opportunity to understand how to
take the benefits of building testable, reusable, and extensible applications
using advanced software architecture concepts using design patterns in the
C# language.

In the next chapter, you will have the chance to learn the basic concepts of
C# language, such as operators, loops, and iterations, to get familiar with the
fundamental logical commands in C# language and prepare for the future
content in this book.

Points to remember

e The design patterns are primarily used in the market to solve common
problems in software development, representing the knowledge shared.



e The Factory and Single patterns can be used in .NET Core projects
combined with dependency injection.

e Developers must easily recognize the use of any design pattern in
legacy projects.

Multiple Choice Questions

1. Which design pattern can be used to use the same instance of an
object across the system?
a. Facade
b. Singleton
c. Adapter
d. None of them
2. Which pattern is used in .NET Core applications combined with
the concept of dependency injection?
a. Factory
b. Object-Oriented Programming

c. Singleton
d. Builder

3. Which pattern is helpful to create complex objects in small steps?

a. Polymorphism
b. Adapter

c. Builder

d. Facade

Answers

1.b
2.a
3.c

Questions



1. Explain the main advantages of the Facade pattern.

2. Why should we use design patterns?

3. What is the correlation between Factory pattern and Dependency
Injection?
4. Explain the purpose of the Facade pattern.

Join our book’s Discord space
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CHAPTER 7

Operators, 1.oops, and Iterations in C#

Introduction

In this chapter, we will walk you through the fundamental concepts of
programming in C#, giving you more familiarity with the language, its primary
operations, and instructions that will help you understand what you need to make
progress in the following sections of this book, such as the new features
introduced to the C# language and .NET Core.

You will learn to create and work with variables, operators, and logical and
conditional statements. Additionally, you will have the opportunity to have
practical experience in implementing basic programs in C#.

Getting familiar with the basic concepts of C# is essential to understand how to
apply the necessary structures in real scenarios in enterprise projects.

Structure

In this chapter, we will discuss the following topics:

e Object Types in C#
e Basic operations in C#
e Loops and iterations in C#

Objectives

After studying this chapter, you should be able to apply the most common
operator using C# language in basic programs, know the object types in C#
language, and understand the difference between the loop instructions available in
C# language.

Object types in C#

The best way to learn any programming language is to create real applications for
practising and apply the knowledge you have in real scenarios. First of all,
fundamental concepts apply to any programming language, including C#




languages, such as variables, statements, loops, blocks, and iterations. In the
following sections of this book, you will have the opportunity to create multiple
C# applications, and in the meantime, all the basic concepts will be explained.

As a strongly-typed language, in C# language, you must specify the type of any
variable created in the program, indicating the type of values that will be stored
on it.

Tip: Strongly-typed languages are the languages that require all the
variables with a specific type when it is created. That means if you create a
variable to store only numbers and try to store text content in it, the
compile will show an error indicating that the variable's value does not
correspond to the variable type. In computer programming, there are
weakly typed languages, which are not pre-compiled, but the type is
checked dynamically once the application runs.

A variable in a programming language can store simple data structures such as
numbers and strings but can also contain complex data such as files, lists of
custom objects, and much more. Their correct use represents an important point in
software development, as they are closely related to how we interact with the
memory in any application. They can represent a good measure of the software's
readability in terms of coding. It is essential to follow good practices and
conventions related to variable names, not only for this specific small part of the
software but for other structures used in C#. Always use meaningful names across
the system, applying the Camel Case pattern for classes (MyBpbBook) and Upper
Case for constants (for example., MAX_ITEMS_ORDER = 3). Make your code easy to
read by others and even by yourself.

Figure 7.1 represents a simple creation and value assignment for a C# variable:



@ BackDothetCareE B -} BockDotNetCare PR Program
i using System;

-namespace BookDotNetCoreBPB

Bow

{
5 - class Program
6 L
7 static void Main(string[] args)
8 {
9 string myMessage = "My custom message";
18 double version = 3.2;
11
12 Console.WriteLine("My Message:" + myMessage};
13 Console.WriteLine(".NET Version:" + version);
14 }
15 }
16 }
17
18

Figure 7.1: C# variables

Lines 9 and 10 represent two different variables in C# from distinct types. The
first is a string variable, storing the content “My custom message.” The value
must be included in quotes because that is a pattern for any string in the C#
language. Referencing the second variable (line 11); it is storing a decimal value
(3.2), and because it is not a string, the value does not need to use for quotes. The
variable should be named according to its purpose and can be used in other parts
of the program within the same context, such as the same method scope or other
methods, in case this variable is created as a global one.

There are many types of variables in C# language, and each one has a specific
reason to be used. The following topics contain the most popular types and their
detailed explanation with examples:

e Int: This type was created to store integer numbers, positives, or negatives.
As happens with any variable type, there are limits (maximum and
minimum values) that can be stored on it. In that case, the minimum value is
-2,147,483,648, and the maximum value is 2,147,483,647. This limitation
helps to prevent security issues and to optimize memory usage. Each time a
variable is created in the program, space is reserved in the memory to store
the value. Therefore, choosing the suitable variable type for any variable
used in the system is highly recommended.

e Bool: It has the purpose of storing Boolean values (true or false).
Additionally, it is possible to assign null values to variables of this type
using the keyword “?” after the type, as shown in Figure 7.2:



Ay

[¢2] CSharpFundamentalsSample ~ | %%, CSharpFundamentalsSample Program

1 using System;

.
—namespace CSharpFundamentalsSample

s |4

5 class Program

= {

7 - static void Main{string[] args)

8 {

9 bool enabled = true;

10 bool? myNullableBoolVar = null;

12 Console.WriteLine("Enable: " + enabled);
Console.WriteLine("My nullable null variable: " + myNullableBoolVar);

}

[
] o
L]

Figure 7.2: C# bool variables

Line 9 represents a bool variable storing a “true” value, and line 10 consists of a
nullable bool variable.

String: this type was made to store a sequence of Unicode characters and
requires quotes around the value. It will indicate to the compiler that it is
effectively string content.

Byte: This is a type used for storing unsigned integers values that start with
“0” (minimum value) and “255” (maximum value). It is commonly used to
manipulate file bytes in arrays of that type (byte) and low-level
programming.

Char: This was created to store a single Unicode character, different from
the string type that stores a sequence of those. The utilization of this type
helps allocate less space in the memory if the content is just a simple
Unicode character. If the quantity of characters in a variable is pre-defined
and it would have just one Unicode character, choose this type of variable
instead of string type.

Object: This is the most basic type in C# language since all the other types
inherit from it. It is possible to assign values of any type to it. It was made
to be completely generic and is primarily used in dynamic types, mainly for
assignments when the content has an unknown type.

Float: This is used to store numbers with precision between 6 and 9 digits,
and the maximum size is just 4 bytes.

Double: This stores numbers with precision between 15 and 17 digits, and
the maximum size is 8 bytes.



e Decimal: This stores numbers with precision between 28 and 29 digits, and
the maximum size is 16 bytes.

o All these variable types in C# are considered primitive types, representing
the most straightforward structure in this programming language to store
data. Each type uses a specific size in memory after its creation, and the
.NET Core platform handles the clean-up of them in a high-performance
way once they are considered reference types.

Tip: In C# language, there are differences between variables of Value Type
and Reference Type. The primitive types (int, string, bool, and so on.) are
considered value types once stored in their memory space. On the other
hand, the Reference Type has a reference placed in the memory, and its
underlying value is placed in a different memory space. Being familiar with
these differences is important when the scenario requires high demand and
better performance.

If the incorrect value type is assigned to a variable of a particular type, the
compile will show an error, and the program will not run. Using a strongly-typed
language such as C# is a considerable advantage because it is possible to figure
out programming issues earlier compared to the languages that accept only
dynamic types whose values are verified in runtime. The following image
contains samples of the creation and assignment of each variable shown and
explained so far, focused only on primitive types and the most frequently used
types in C# programming language, as shown in Figure 7.3:



Program.cs & X

= CSharpFundamentalsSample « | %8, CSharpFundamentaliSample Progran
using System;

-namespace (SharpFundamentalsSomple

{

class

{
static vold Main{string[] = ]
{
int intVar = 18; // Variable of int type

baal boalvar = true) // Variahle of baal type

string string¥ar = "My string varisble™; // Variable of string type

byte bytevar = 255 //variabls of byte type

char charVar = "A':s //Variable of char type

obiect objVar = "Generic object™; J/varisble of object type
float floatWar = 180@; //Variable of float type

double doublevar = 10@0288; // Variasble of double type
decimal decimalVar = 10002008 // Variable of decimal type

Figure 7.3: Primitive types in C#

Meanwhile, the Reference Type variables are used to store more complex data
and are stored differently in the memory from Value Type variables. Apart from
primitive types, it is possible to create variables of your own custom types or even
of other available native complex types in C# language such as List, Array, and
others. Essentially, the syntax to create reference types is the same, declaring the
type before the variable's name.

Note: Despite string and object being primitive types, they are considered
reference types in C# language simultaneously as class, interface, and
delegate types. Therefore, there is no mandatory relation between value
types and primitive types.

The following topics contain the most popular native reference types and their
detailed explanation with examples:

e Array: This type has the purpose of storing a collection of objects, having
multiple values in a single variable, and optimizing the time in manipulating
a considerable amount of values using multiple distinct variables. To create
an array, you must declare the variable type followed by the square brackets,
and the values can be assigned separately from each other by a comma. As
shown in Figure 7.4, to manipulate the values in the array, you must use any



available iteration statement in C# language (loops, foreach, and for), which
will be explained in detail in the upcoming chapters of this book:

[Progeamcs = x N
%= SharpFundamentalsSample o e —
1 using System;
2
3 -Inamespace CSharpFundamentalsSample
4 {
= class Program
{
7 = static void Main(string[] args)
8 {
9 = string[] daysOfWeek = {
1@ "Monday",
L "Tuesday",
12 "Wednesday”,
13 "Thursday",
14 “Friday",
15 "Saturday”,
16 "Sunday"
17 ¥:
18 I }
19 | }
20 '}

Figure 7.4: Arrays in C#

e List: This is a complex object that allows us to manipulate elements as a list
and access those values by index. This type contains many extension
features to search list elements, sort, and make various operations. It is one
of the most used types in C# because many programs have in common the
need to manipulate a list of elements coming from databases and other
sources. When the List has been created, the type of the elements should be
defined, and the values can be assigned using the method “Add,” which
belongs to the List class. This type supports a wide variety of operations,
and those operations are the main difference between that type and array
variables. Both of them can get similar results in manipulating a list of
elements. Still, the complex type List contains more advanced options to
insert, add, remove, and search items in the list without explicitly referring



to their indexes. It prevents errors in dynamic operations once arrays always
should have a specific range of values. Eigure 7.5 has an example of the List
variable type and the way to assign elements to it:

[Program.cs =« |
5] CShaspFundamentalsSample - | "% CSharpFundamentalsSample Fragram

1 —jusing System; '

2 using System.Collections.Generic;

4 —-Inamespace CSharpFundamentalsSample

5 {

6 - class Program

7 {

8 = static void Main(string[] args)

9 {
18 List<string> daysOflWeek = new List<string>();
11 daysOflWeek.Add( "Monday");

12 daysOflWeek.Add("Tuesday");
13 daysOfWeek.Add( "Wednesday");
14 daysOfiWeek.Add("Thursday");
15 daysOfWeek.Add("Friday");

16 daysOfWeek.Add("Saturday");
17 daysOfleek.Add("Sunday");
18 }

19 | }
28 1 }

Figure 7.5: Lists in C#

e Class: In the C# language, it is possible to create your own types, as it is
object-oriented. There are many particular concepts related to class, but to
get started with classes, you must know that they are one of the reference
types in C# language; their correct usage and construction are the most
important part of any software using the C# language. It is possible to define
properties, visibility, constructors, and other inherent concepts in object-
oriented programming through classes. Understanding it as one of the
available types in C# is essential. The following image contains an example
of a class called “Book,” which has three properties: ID, Title, Creation,
Author, Summary, and ISBN. You must realize that the types of properties
correspond to primitive or complex types, depending on the kind of
information that should be stored on them. The “Author” property
represents a complex type of “Author” class; therefore, it refers to another
entity, as shown in Figure 7.6:



= CSharpFundamentalsSample

1 using System;

soqae)  aejdeg aneg

2

3 -Inamespace CSharpFundamentalsSample

4 {

5 class Book
{

7 publlc 1nt Id { get; set; }

8 publlc str*lng Title { get; set; }
S publlc DateTlme Creation { get; set; }
10 publ:.c autnor‘ Author { get; set; }
12 publlc strlng Summary { get; set; }
12 publlc 1nt IsbnNumber { get; set; }
13 . }

14 | }
15

Figure 7.6: Class in C#

e Other types: There are other reference types in C#, such as delegates and
interfaces, which will be explained in detail in the upcoming chapters. They
involve more advanced concepts, and many examples of them can be found
in this book.

Understanding the most basic types will allow you to get started with
performance enhancements in C# language and help you follow the best coding
practices.

Loops, operation, and iterations

There are many ways in C# language to manipulate a list of objects and execute
recursive logical programming, to meet specific requirements and significantly
reduce the number of necessary code lines for certain implementations that need
to make operations many times. In the following topics, you will have the
opportunity to walk through the most common statements to execute repetitive
operations, and you will also understand the difference between them.




While statement

The “while” statement can execute operations until the pre-defined condition is
not satisfied (false). The program will test the condition at the beginning of the
loop, and if the result is true, the loop will still be executing. Its use is pretty
similar to other statements in C# language for loop operations, but the syntax used
for the condition is clear enough for the developer who is trying to interpret and
debug the code. In the following image, there is an example of a while statement,
which has a condition to keep running till the condition is not satisfied (number
greater than 25), as shown in Figure 7.7:

9 CohapfundamentaliSample = | %%, Dy § Al e et
1 using System;
2
3 -inamespace CSharpFundamentalsSample
4 {
5 - class Program
& {
7 = static void Main(string[] args)
8 {
9 int timesExecuted = 8;
18
11 - while (timesExecuted < 25)
12 {
13 Console.Writeline("Time(s) " + timesExecuted);
14 timesExecuted++;
15 }
16
17 }
18 }
19 }

Figure 7.7: While in C#

The preceding code has the purpose of printing the message “Time (s)” followed
by the time of loop execution, and it should run until the number of times.
Therefore, the operation will happen 25 times, considering the initial value of the
variable “timesExecuted” is “0,” and the variable is increasing by one number on
each iteration, as is seen in line 14.

Do-while statement

The do-while instruction is very similar to the regular “while” statement, except
that the logical code within the block will be run before the code that tests if the




pre-defined condition is satisfied. The following image contains the exact same
purpose and logic programming of the previous example but using do-while
instead, as shown in Figure 7.8:

HE ChaplundamentaliSamnpls = | %% CshaepFundamaniutrSample Progesm

1 using System;

2

3 -Inamespace CSharpFundamentalsSample

4 {

5 = class Program

B {

7 - static void Main(string[] args)
8 {

o int timesExecuted = 8;

18

11 S| do

12 {

13 Console.WriteLine("Time(s) " + timesExecuted);
14 timesExecuted++;

15 }

16 while (timesExecuted < 25);
17

18 Console.Readline();

19 }

20 }

21 }

Figure 7.8: Do-while in C#

This type of loop is proper when a particular operation must be done before the
routine tests the condition, representing the main difference from the while
statement.

In this simple routine, the initial value of “timesExecuted” is “0,” and the body is
executed without testing the condition for the first time. Within the body, the
value of “timesExecuted” is one number, which means that the routine will be
executed 25 times. In specific scenarios, the condition tested by the “while” could
never be satisfied, and it will cause an infinite loop.

For loop

There are many ways to get similar results in a programming language, and this
premise applies to loop operation in C#. Apart from “while” and “do-while”
statements, it is possible to make similar operations using a “for” loop, which
allows us to execute repetitive operations when the number of times for the loop



is known before it starts to run. To use this type of loop, you must create a “for”
statement following these requirements:

e A variable that contains the initial value for the iterations should be created
inside the “for” statement.

e The condition to be tested and satisfied should use the variable created for
the initial iteration.

e The times of the executions should be incremental and pre-defined.

To clearly understand this type of loop operation, you must see Figure 7.9, which
contains similar purposes to the previous examples:

[ T —
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1 using System;

¥

3 Flnamespace CSharpFundamentalsSample

4 {

5 = class Program

6 {

v = static void Main{string[] args)
8 {

L int timesExecuted = @&;

16

11 = do

1z {

13 Console.WriteLline{"Time(s) " + timesExecuted);
14 timesExecuted++;

15 }

16 while (timesExecuted < 25);
17

1 Console.ReadlLine();

19 }

28 ' }

21 }

Figure 7.9: For loop in C#

As shown in Figure 1.16, the variable “timesExecuted” is declared inside the
instruction, and the incrementation process occurs after the condition that needs to
be satisfied. If you compare it to the previously explained loops in C#, it seems to
be simpler and easier to read than the other ones, but it has the same purpose:
printing content 25 times on the screen. Therefore, there are many ways to reach
the same target in logical operations, and you must choose the suitable one for
your own scenario in enterprise solutions.



Foreach statement

The “foreach” loop can be used to execute operations in a list of elements and in
any type which implements the IEnumerable<T> interface in C#. Figure 7.10
represents how it works to execute a block of code for each individual item in a
list:

& CSharpFundamentalsSample - | " CSharpFundamentalsSample.
1 ~using System;
2 using System.Collections.Generic;
=
4 - namespace CSharpFundamentalsSample
5 {
6 B class Program
7 !
8 - static void Main(string[] args)
9 {
10 List<string> daysOfWeek = new List<string>();
11 daysOfieek.Add("Monday");
12 daysOfleek . Add( "Tuesday");
13 daysOfWeek.Add( "Wednesday");
14 daysOfiWeek.Add("Thursday");
15 daysOfWeek.Add("Friday");
16 daysOflleek.Add("Saturday");
17 daysOfWeek.Add("Sunday");
18
19 = foreach(string day in daysOfWeek)
2e {
21 Console.WriteLine("Day of Week:" + day);
22 }
23 }
24 }
25 }

Figure 7.10: Foreach in C#

As seen in the foreach statement sample, in line 10 is created a List of string
items, and between lines 11 and 19, it is populated with the days of the week,
from Monday to Sunday. Finally, a “foreach” instruction is executed once for each
item on the list. That means the block of the code which prints the “Day of Week”
runs seven times. In general, loop implementations have the advantage of writing
less code in case it contains repetitive logical operations. In this example, instead



of specifying the console.WriteLine instruction seven times (one for each day);
it was specified just once.

Operators

Operators are used mainly in mathematical operations and programming
languages to make arithmetic operations, compare values, and specify conditions
for boolean values. The C# language contains a vast number of operators, and in
the following topics, you will have the opportunity to walk through the main
types, their usage, and helpful examples.

Arithmetic operators

This type is used to make addition, subtraction, division, multiplication, and other
popular and conventional arithmetic operations. It is possible to specify these
operations using variables or oven using values directly, as shown in Figure 7.11:

pregrarnc: = ¢ |
% CSharpFundsmentaliSample = | " CShaipFundasmentsssSarmpbe Program

1 using System;

3 -namespace CSharpFundamentalsSample

4 {

5 - class Program

6 {

7 - static void Main(string[] 15 )

B {

9 int numberl = 58;

i@ int number2 = 25;

1

2 int totalSubtraction = numberl - number2; // 25

13 int totalAddition = numberl + number2; // 75

14 int totalMultiplication = numberl * number2; //1.25@

15 int totalDiwvision = numberl / number2; // 2

16

17 Console.Writeline("Total subtraction: " + totalSubtraction);

18 Console.Writeline("Total addition: " + totalAdditicn);

19 Console.Writeline("Total multiplication: " + totalMultiplication);

26 Console.WriteLline("Total division: " + totalDivision);

21

22 Console.Readline();

23 }

24 }

25 }

Figure 7.11: Arithmetic operator in C#

As seen in the preceding image between lines 12 and 15, variables were created to
store the total of the arithmetic operations of two numbers: variables numberl and



number2. It is important to note that the total variables should be created to
support the underlying correct result operation. If at least one of the two numbers
had a decimal value (for example, 25.4), the variable total should be from the
decimal type or even a float variable, depending on the number of characters.

Assignment operator

The most common operator is the “equal” operator, which is used to assign value
to a variable, as shown in Figure 7.12:

(=] CiharpFendementalsSamphe .;‘-‘ SharpFumdamanialssampla. Peosra
1 using System;
3 - 'namespace CSharpFundamentalsSample
4 {
5 - class Program
6 {
7 static void Main(string[] args)
8 {
9 string myMessage = "My variable is assigned with this value";
18
11 int myMumber = 5;
12
13 int x, ¥, Z;
14
1% =y =z =18;
16
17 Console.WriteLine("My Message:" + myMessage);
18 Console.WriteLine("My Number:" + myNumber);
19 Console.WriteLine("Variable X:" + x);
28 Console.WriteLine("Variable Y:" + y);
21 Consocle.WritelLine("Variable Z:" + z);
22 }
23 }
24 }

Figure 7.12: Assignment operator in C#

On line 9, a string variable called “myMessage” is created, and a value is assigned
to it using the operator “=.” The same process occurs in line 11, but with an int
type. There is the possibility to assign a value to multiple variables in sequence
using the equal operator, which means that all the variables will have the same
value in the final. As in line 15, the int variables are assigned to the value 10.
Therefore, the equal operator in C# language is not necessarily used only for
arithmetic operations but also to set values. The variable always will be placed on
the left side and the value on the right side.



Relation operators

One of the most common logical implementations in any programming language
is boolean expressions, considering a system can have a routine that should follow
specific logic based on certain conditions. To help with this target, the C#
language contains many relational operators that allow us to compare values,
from the most straightforward operation to the most complex ones, according to
what is needed. The following table contains all the relational operators that can
be used in C# language:

Name Operator Example Expected result
Equal to == 25==25 True
Not equal to 1= 251=10 True
Less than < 25<15 False
Greater than > 25> 15 True
Less than or equal to <= 25 <=25 True
Greater than or equal to >= 25 >=25 True

Table 1.1: Relational operators in C#

Regarding the equals operator, in C# language, it is essential to know that to
compare two values, two equal operators should be used. In that way, the compile
will recognize it as a comparison and not as a value assignment. Also, the
operator “!” can be used to reverse the boolean value for any statement, as shown
in Figure 7.13:



int numberl = 25;
int number2 = 58;
bool resultOperation;

f/EQUAL

resultOperation = numberl == number2; // false
J//NOT EQUAL

resultOperation = numberl != number2; // true
FILESS THAN

resultOperation = numberl < number2; // false

//GREATER THAN
resultOperation = numberl * number2; // true

J/LESS THAN OR EQUAL TO

resultOperation = numberl <= number2; // false
//EQUAL
resultOperation = numberl »= number2; [/ true

Figure 7.13: Relational operator in C#

As seen in the preceding image, a variable called “resultoOperation” is created
to store the boolean result of each relational operation.

Logical operators

Logical operators are used to combine multiple relational operators in compound
conditions. They are just boolean statements that return a true or false value. This
kind of operator is largely used in loops and decision statements in logical
implementations when one or more conditions in a sentence should be satisfied.

The “AND” and “OR” operators can be combined to make different comparisons
depending on their order, and the statement can return different results.

For example, imagine a program with a specific operation that should be run only
if the day of the week is Monday or Tuesday. The “OR” operator can be used in
that case, as shown in Figure 7.14:



e ______________________________________|
| E® € SharpFumdamentalySampie = | . CihapFindementalilample Piogem
| 1 using System;

3 - namespace CSharpFundamentalsSample

4 {

5 - class Program

6 {

7 static void Main{string[] args)

8 {

b1] var currentDayofiWeek = DateTime,Now.DayOfuWeelk;
12 if(currentDayofiieek == DayOfilesk.Monday || currentDayofWeek == DavOfilesk.Tuasday)
13 {

14 J /MY CUSTOM LOGIC IMPLEMENTATION

15 ¥

17 1

g 1

19 i)

Figure 7.14: “OR” operator in C#

As seen in code line 12, there is an “if” statement containing two comparison
expressions separated by the keyword “| |, ” which is in C# equivalent to the “oRrR”
operator. In that case, the code inside the “if” block will run only when at least
one of the two conditions is satisfied: if the day of the week is “Monday” or
“Tuesday.”

Otherwise, if multiple conditions are tested, and all of them are true, the operator
“AND” can be used. The keyword for that operator in C# is “&&” as shown in
Figure 7.15:



[# CSharpFundamentalsSample » | "% CsharpFundamentalsSample Prograrm
1 using System;
2
3 - namespace CSharpFundamentalsSample
4 {
g - class Program
6 |
7 = static void Main(string[] args)
8 i
g
10 var currentDayofleek = DateTime.Now.DayOfWeek;
11 var currentHour = DateTime.Now.Hour;
12
13 = if(currentDayofWeek == DayOflWeek.Saturday &% currentHour > 6)
14 {
15 /MY CUSTOM LOGIC IMPLEMENTATION
16 }
17
18 }
19 i
28 3

Figure 7.15: “AND” operator in C#

In the preceding example, the condition to execute the block of code inside the
“if” statement will be satisfied only if the current day of the week is Saturday and
the current hour is greater than 6.

Unary operators

The C# language has operators that have the purpose of making operations using
a single operand. It saves time to write specific routines such as incrementing a
number, inverting the value of a boolean value, decrementing a number, and
others.

To add an extra number to an integer variable in C#, the operator “++” can be
used, and it is possible to use the two minus operator to subtract in one a variable
that contains a number value, as shown in Figure 7.16:



Program.cs = >« |

.

= CSharpFundamentalsSample = | 5 CSharpFundamentalcSample.Program

2

3 - namespace CSharpFundamentalsSample

a |9

5 = class Program

& {

7 - static void Main(string[] args)

8 {

9 int numberExample = 25;

18

11 numberExample++; // Variable has the value 26
12

13 numberExample--; // Variable has the value 25 again
14

15 numberExample--; // Variable has the value 24
16 }

17 }

18 }

19

Figure 7.16: Unary operators in C#

The preceding implementation is the same as if it was adding one value to the
variable using the arithmetic operator as numberExample = numberExample + 1.
Undoubtedly, the unary operator syntax is much more optimized in terms of the
amount of needed code to get a similar result.

Ternary operators

Another operator that helps to reduce the used line of codes in logical statements
is the ternary operator that can replace “if” statements for comparison in case of
the result of a specific condition is the assignment of a variable. As an example, in
the following image, there is a variable called “message” from string type, and its
value is a ternary expression using the operators “?” and “:.” If the comparison
condition is satisfied, it assigns the message “Today is Monday,” and if it is not,
the assigned value is “Today is not Monday,” as shown in Figure 7.17:



e ________________________________ |
¥ CSharpf undamentshSargie =15 anad e 7 =F @

using System;

namespace CSharpFundamentalsSample

{

class Program
{
i

7 static void Main(string[] arzs)

{

=] var dayOfueek = DateTime.Now.DayOfWeek;

1 string message = dayOfkeek == DayDfuweek.Monday ? "Today is Monday™ : "Teday is not Monday™;
ole.WriteLine(message);

Figure 7.17: Ternary operators in C#

Using conditions using ternary operators is not recommended in cases where the
condition is complex and contains compound statements. It would make the code
hard to read. Use the “if” statement instead, as the intention of the logic operation
will be explicitly exposed in future changes in the underlying part of the code.

Compound assignment operators

As with the ternary and unary operators, the bitwise type helps reduce the number
of coded lines, making certain operations easier to make. Any arithmetic operator
followed by the equal operator “=” means to the compile in C# language that the
arithmetic operation before the equal operator should be applied to its variable
value. Figure 7.18 contains an example of the compound assignment operator for
“+” (addition) and “*“(multiplication):

int firstExample = 25;
firstExample += 10; // 25 + 10

int secondExample = 15;
secondExample *= 5; // 15 * 5

Figure 7.18: Compound assignment operators

If the logical implementation contains a complex operation, using compound
assignment operators can complicate the algorithm's reading by developers who
will maintain the code. Therefore, consider using explicit variables for complex
math operations in case it contains many parts and conditions.



If statement

The C# language contains a bunch of operators for making different conditions in
boolean expressions. This clearly indicates the importance of controlling the
behavior of the software by implementing precise statements, even for complex
conditions. To properly use the operators, you must know the “if” statement,
which allows us to execute a specific part of code if a particular condition is
satisfied. Otherwise, it is possible to specify an implementation that will be run in
case the condition is not met. This kind of logical statement is one of the most
commons operations in any programming language, and C# language has a
straightforward syntax, as shown in Figure 7.19:

[% CSharpFundamentalsSample ~ | % CSharpFundamentalsSample.Program
1 using System; '
2
3 - namespace CSharpFundamentalsSample
4 {
5 - class Program
& | {
7 - static void Main(string[] args)
8 {
9 var dayOfleek = DateTime.Now.DayOfleek;
10
11 = if(dayOfWeek == DayOfWeek.Saturday)
12 {
13
14 Console.WriteLine("Today is Saturday");
15
16 }
17 5 else
18 {
19
20 Console.WriteLine("Today is NOT Saturday"):
21
22
23 }
24
25 }
26 }
27 T

Figure 7.19: if statement

In this example, a specific block of code will run if the day of the week equals
“Saturday,” and a different block will run if the condition has a false result. Using



it precisely like that is suitable mainly in cases when two different things should
be executed depending on the condition result. It follows the pattern if-then-else,
and it is one of the most used features in C#.

Suppose a logical requirement contains many sub-conditions inside an “if” or
“else” statement. In that case, using other language structures, such as “switch” is
recommended, which will be explained in the next topic. Depending on the
complexity, many levels and sub-levels of conditions in a single routine could
turn the code hard to read, and errors might be introduced while changes are
made.

Switch case statement

The switch case statement is suitable to use if a logical implementation contains
multiple options to choose from; thereby, only one will have its block of code
executed; in other words, the option which matches with the pre-defined value for
comparison. The switch case is largely used if a value should be tested by many
conditions or even if it has more than two or three conditions, as shown in Figure
7.20:



9 var dayOfWeek = DateTime.Now.DayOfWeek;

11 =} switch(dayOflWeek)

12 ' {

13 case DayOfWeek.Monday:

14 Console.WriteLine("Today is Monday");
15 break;

16 case DayOflWeek.Tuesday:

17 Console.WritelLine("Today is Tuesday");
18 break;

19 case DayOflWeek.Wednesday:

20 Console.WritelLine("Today is Wednesday");
21 break;

22 case DayOfWeek.Thursday:

23 Console.WritelLine("Today is Thursday");
24 break;

25 case DayOfleek.Friday:

26 Console.WriteLine("Today is Friday");
27 break;

28 case DayOfWeek.Saturday:

29 Console.WriteLine("Today is Saturday");
3e break;

31 case DayOfWeek.Sunday:

32 Console.WriteLine("Today is Sunday™);
33 break;

34 }

Figure 7.20: Switch statement

In this example, a value (day of the week) is tested against seven options, one for
each “case” in the instruction. If one of the conditions is satisfied, the program
will execute the block of code specified between the underlying “case” and the
“break.” It is beneficial to expose system requirements if the workflow contains
multiple options and the routine that should be executed for each one is slightly
different. A “switch” statement for multiple options instead of “if” is a good
practice in C# programming language. If, in the example presented in the
following image, the “if” statement was used, the code would look like that,
which is not recommended, as shown in Eigure 7.21:



var dayOfWeek = DateTime.Now.DayOfWesk;

if (dayOfHeek == DayOfiesk.Monday)
i
Conscle.Writeline("Today is Monday"™);
¥
else
i
if {dayOfWeek == DayOfiWeek.Tuesday)
1
Conscle.Writeline("Today 1is Tuesday”);
}
else
1
if (dayOfuWeek == Daylfleck.Wednesday)
{
Console.Writeline("Today is Wednesday™ }:
¥
else
{
if (dayOfleek == Day0flesk.Thursday)
1
Console.Writeline("Today is Thursday™);
¥
else
1
if (dayOfWeek == DayCfWeek.Friday}
i
Conscle.Writeline{"Today is MondFridayay"”);
}
else
{
if (day0fueek == Daylfiesk.Saturday)
{
Console.Writeline("Today is Saturday")};
}
else
i
it (dayOfwWeek == DayOfWesk.Sunday)
i
Conscle.Writeline("Today is Sunday™);
¥
¥
¥
}
}
b

Figure 7.21: Bad practice of if statement

This implementation works the same way as the preceding example, but it
contains a significantly greater number of lines and is much more complex to



read. Therefore, using the “switch” statement is recommended when a value
needs to be tested against multiple values.

Points to remember

e The C# language contains many ways to make loop operations with similar
behavior but slightly different purposes.

e A good definition of types for variables is one of the most basic and
important practices in software development, as it allows the compiler to
catch errors before runtime operations.

Conclusion

As seen in this chapter, the C# language provides many features to not only make
arithmetic operations but to implement logical operations using loops and other
distinct structures to build robust and reliable enterprise applications with the
applicability of the best practices of software development used in the market by
big companies in terms of strong-typed objects concept and precision in
arithmetic operations.

In this chapter, you learned essential and fundamental concepts of C#, such as
variables, logical statements, operators, error handling, and different type of loops
and iterations. Now, you can learn more advanced coding concepts with C# and
get started on the following related topics.

In the next chapter, you will have the chance to learn basic concepts of error
handling and exceptions in C# language, familiarize yourself with the most
common errors that can happen in a program developed using C#, and prepare for
implementing solutions to prevent those errors.

Multiple choice questions

1. Which option contains only relational operators:
==, !:, >s <
= > <

0T

switch, for, foreach, equal
d. None of these

2. Which type of variable is used to store true and false values?

a. string



b. int
c. bool
d. decimal

3. What is the value of the variable “isValid” in the following code?

a. int age = 25;

b. var isValid = age > 18;
c. false

d. true

e. 25

f. 18

4. After the following code, what is the final value of the number variable?

a. int number = 78;
b. number++;

c. 78

d. 77

e. 80

f. 79

Answers

1.a
2.¢C
3.b
4.d

Questions

1. What are the available loop statements in C#?

2. What is the best alternative to implement a logical statement that can have
more than three conditions?
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CHAPTER 8

Error Handling and Exceptions in C#

Introduction

In this chapter, we will walk you through the fundamental concepts of error
handling in C#, giving you more familiarity with the main exceptions and
with ways to prevent unexpected errors that will help you understand what
you need to develop robust and reliable applications using C# language and
the .NET platform.

You will learn how to create and work with try-catch blocks, the primary
exceptions you can find in real. Additionally, you will be able to apply error-
handling strategies while implementing basic programs in C#.

Getting familiar with the fundamental concepts of exceptions and error
handling in C# is essential to understand how to apply the necessary to build
resilient applications in real scenarios.

Structure

In this chapter, we will discuss the following topics:

e The try-catch blocks
e Most common exceptions in C#
e Error handling strategies

Objectives

After studying this unit, you will learn the basic exceptions in C# language.
You will know how to apply error-handling strategies in multiple scenarios
and understand the purpose of try-catch blocks in the C# language.

The try-catch blocks



The software development process is closely related to logical
implementation and interactions between software, hardware, and third-party
systems, which can cause unexpected behavior in any project. Therefore, it
is necessary to use statements that allow the software to handle any error
properly in case of an issue. The error handling concept is not only about
providing a good user experience and showing friendly messages, but it is
also about taking actions properly capturing the exceptions, and addressing
the correct solution for them based on what is pre-defined in the business
requirements context and the following of good software architecture
practices.

A technical error thrown by the application is called an Exception in C#
language, which is not necessarily an issue caused by the application as an
expected error, which means that it is perfectly possible to use a strategy to
handle that situation properly. As a modern language, the C# language
allows us to transfer the handling of the exception between blocks in a
sequential logic using the keywords, try, catch, finally, and throw.

The “try” block is used to specify the code that is responsible for running
the primary operations. An error caused in the code inside that block will
throw an exception which will be managed by the “catch” block, as shown in
Figure 8.1:

n| BookDethlatC oreBPB %, BoakDeathetCarBPB Program

int firstNumber = 188;
int secondNumber = @;

var operation = firstNumber / secondNumber;

}

catch(Exception ex)
= T e {"Atternpted to divide by zero.”) =

Figure 8.1: Try block

As it is possible to see in the preceding image, inside the try block, there is a
routine to divide two numbers, and one of them clearly has a “zero” value,
which throws an error considering a number cannot be divided by zero. In
that case, the program throws an exception transferring the execution of the



code from the point where the exception is generated in the try block to the
following exception block. Using the debug mode, it is possible to see the
exception details, which is, in that case, a message indicating that there was
a failed attempt in the program to divide by zero. It depends on the type of
program; the execution of it would stop altogether, interrupting the whole
process and, in specific cases, being necessary to restart the application.
Because of this inconvenience, it is essential to use the “try” and catch
blocks to handle any exception that can be thrown by the application and
handle that properly, showing the user a friendly message regarding the error
or recording the exception in a log or notification system.

The catch block is executed every time an exception occurs in the previous
try block, and you must use it to handle the exception by sub-type or
generically, depending on the scenario you are facing. Different types of
exceptions can be caused by only one try block, and it is possible to combine
multiple exceptions block in case of a specific operation needs to run for
each type individually, as shown in Figure 8.2:



int firstNumber = 168;
int secondNumber = 8;

~ operation = firstNumber / secondNumber;

ZeroException ex)

Figure 8.2: Multiple exceptions

In this example, there is, in the first place, a catch block checking for the
occurrence of a specific exception regarding an error in the attempt to divide
a number by zero, and after that, a more generic exception. Multiple
exception verifications help take distinct actions and more accurate
management against any error in the implementation.

Additionally, the C# language allows using of exception filters, which
represents a more detailed verification of the exception properties as a
further condition to execute the catch block or not. That resource is handy in
integrations with third-party systems that usually return a range of error
numbers as exceptions and allows us to implement a better error-handling
strategy in many distinct scenarios. To use the exception filter feature, you
must use the “when” keyword combined with the exception block, as shown
in Figure 8.3:



ng System;

ace BookDotNetCoreBPB

tegrationService integrationService = new IntegrationService()

info = integrationService.RequestInfo();
grationException ex) n (ex.CustomCode == 5881)

Console.Writeline(ex);

Figure 8.3: Exception filters

In this example, line 14 verifies if the exception code returned by the
integration service equals 9001, and the underlying catch block will be
executed only under this condition. This approach is primarily used in HTTP
request verifications to check the status code returned by the requests.
Usually, a different action is taken for each type of code, and using the
“when” keyword is helpful to make a more readable code for error handling.

An extra block called “finally” can be used combined with the try and
exception blocks in the cases when a specific routine needs to be executed
with the previous routine is successfully executed or not, which means that
the “finally” block will always run after the routine presented in the try
block and the routine specified in all the exception blocks, as shown in
Figure 8.4:



1g System;

pace BookDotNetCoreBPB

ing[] args)

seryice integrationService = new Inte

r info = integrationService.RequestInfo();
ationException ex) when (ex.CustomCode == 9881)

le.WriteLine(ex):

integrationService.CloseConnection(};

Figure 8.4: Exception filters

In this case, the sample routine will consistently execute the close
connection method regarding the integration service. A similar routine can
be used in all cases where a routine needs to be executed after attempting to
make any operations in the try-and-catch blocks.

Most common exceptions in C#

The C# language natively provides a bunch of types of exceptions.
Understanding the most common in C# and .NET applications is essential to
handle the errors accordingly in an application in case of some exceptions.
Additionally, the knowledge of common errors allows us to spare time to
find the cause of the issues and probable solutions for them once a system
can present unexpected behavior. This situation would require code changes
to use more specific exception verifications.

All the exceptions in C# language inherit from the Exception class, and it
allows us to create our own exceptions, despite in most cases, the pre-
defined exceptions are usually enough to handle the errors correctly in a



standard application. The following list represents the most common
exceptions that can be found in any applications based on the C# language:

OutOfMemoryException: This exception is thrown when the
application tries to use more memory than is available in the system for
the application precisely. It is common to find this error when the
application handles large files or has a wrong implementation regarding
the use of objects in the memory.

SqlClientException: You will find this exception in all the cases
where the application is using SQL Server or other database providers
and can be caused by problems with connection or any attempt to make
operations in the database.

StackOverflowException: In runtime, the .NET application can
identify if a specific routine contains an infinite recursive
implementation, which means that the same routine can never stop
because a function cannot call itself in unstoppable looping.

WebException: In modern applications, it is easy to find integrations
with external resources that make external calls using APIs. It requires
making HTTP requests, and any problem regarding the communication
with the external service may generate a WebException.

NullReferenceException: This is one of the most common exceptions
found in C# applications once the applications are built using object-
oriented programming, and it is not possible to call any property or
method of an object if the object is null itself. Considering that
situation might happen in many different situations, the development of
any application in the C# language requires null checks to avoid
unexpected behavior in runtime, mainly in production environments.

The C# language allows us to create our own custom exceptions, which is
particularly useful in cases where it is necessary to separate errors in the
custom implementation from the native exceptions thrown by the .NET
platform, as shown in Figure 8.5:



int CustomCode { get; set;

Figure 8.5: Exception filters

Once the custom exception class inherits from the standard Exception class
used in the .NET platform, it is possible to verify the custom exception in
catch blocks to implement a more accurate error handling across the
application.

Error handling strategy options

The .NET Core platform introduced relevant improvements regarding error
handling for Asp.Net Core applications compared to previous versions of
Asp.Net applications, enabling an error handling strategy globally without
affecting the entire application with different conditions and verifications.

The error handling middleware presented on Asp.Net Core will catch all the
exceptions thrown by the applications, and in cases where the exception is
not being handled, the application will redirect to a configured custom
endpoint. Additionally, it is possible to redirect to different pages or
endpoints in production and development environments, as it is not
recommended to show system exceptions in environments used by final
users once it can cause security to expose, revealing details of the
implementation such as the database type that is being used and other
technical, sensitive data used by the application.

To use a custom exception page in the development environment, you must
enable it on the startup class in the Asp.Net Core application, as shown in
Figure 8.6:



oid Configure(IApplicationBuilder app, IWebHostEnvironment env)

if (env.IsDevelopment())

{

app.UseDeveloperExceptionPage();

app.UseExceptionHandler(" /Home/Error");

Figure 8.6: Development error page

In the development environment, the Asp.Net Core application will redirect
to an error page showing more details of the exception comparison to the
one used in other environments. The UseDeveloperExceptionPage method
does not have any parameters, and it is not possible in that case to redirect to
a custom page in the application. Additionally, it is possible to use the
standard status code error for production non-development environment
using the following directive:

void Configure(IApplicationBuilder app, IWebHostEnvironment env)
i (env.IsDevelopment())

app.UseDeveloperExceptionPage();

app.UseStatusCodePages();

app.UseExceptionHandler(" /Home/Error™);

Figure 8.7: Status code page

All the configurations regarding error handling in the Asp.Net Core
application aim to redirect only the unhandled exceptions to a specific



endpoint. It is common to have a scenario where during development time, it
is not possible to identify all the exceptions or errors the application can
have. Therefore, it is essential to manage all unexpected behavior in an
enterprise application properly.

Conclusion

As seen in this chapter, the C# language provides many features to handle
appropriately all the errors and exceptions that can exist in enterprise
applications, being possible to define strategies for error handling to build
robust and reliable applications in production environments, following the
best practices of security and user experience in the cases where the
application has unexpected behavior.

In this chapter, you learned fundamental concepts of exceptions in C#, such
as try, catch, and finally, blocks. Additionally, you have the opportunity to
understand how to handle errors in Asp.Net Core applications and learn how
to create your custom exception in C# language.

In the next chapter, you will have the chance to learn basic concepts of
Language-Integrated Query (LINQ) in C# language and get yourself
familiar with the most common use of LINQ combined with operations in
List objects.

Points to remember

e The C# language provides many native and standard exceptions that
can be used to handle enterprise application errors.

e It is possible to use the try-and-catch blocks to manage the errors in
.NET applications.

e The Asp.Net Core contains relevant improvements regarding error
handling, which allows us to spend less time implementing custom
error-handling strategies in real-case scenarios.

Multiple choice questions

1. Which type of exception is thrown by .NET applications when a
routine tries to use a method or property of a null object?



a. Try

b. OutOfRangeException
c. NullReferenceException
d. None of these

2. Which block of code will run in case of handled errors in a .NET
application?

a. null
b. finally
C. try

d. catch

3. In which class can we specify a global error handling in Asp.Net
Core applications?
a. Program class
b. Start class
c. Exception class
d. None of these

Answers

l.c
2.d
3.b

Questions

1. Explain how to create custom exceptions in C# language.

2. Why is it not recommended to show the technical details of an error in
production environments?
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CHAPTER 9
Using and Understanding LINQ

Introduction

In this chapter, we will walk you through the basic fundamental concepts of
Language-Integrated Query (LINQ) in C#, thus allowing you to learn and
practice the most common operations that can be made by manipulating
IEnumerable objects in the .NET platform.

You will learn how to create expressions, filters, and primary operations for
manipulating data in C# language based on Lists and Enumerable objects,
such as data returned from external resources, APIs, and databases.

Getting familiar with LINQ's basic and essential concepts is crucial to
understanding how to apply the necessary to build applications in real
scenarios using expressive, readable, and performant code statements in data
manipulation.

Structure

In this chapter, we will discuss the following topics:

e LINQ fundamentals
e Query expressions

Objectives

After studying this unit, you should be able to know the basic operations
using LINQ and apply LINQ statements in real scenarios. You will also be
able to identify possible improvements in legacy projects regarding LINQ
operations.

LINQ fundamentals




The software development process has evolved in the last few years to use
the most recommended practices in terms of abstraction, reusability, and
readable code produced by developers. In many scenarios, a system
consisting of data manipulation interacting with a database and other
external resources is extremely necessary to create an abstraction in any
application to simplify not only the access to databases but also operations
made on arrays and standard collections in the C# language. Over the later
years, professional specialization became essential to reach the full potential
of knowledge applicability in many technologies, including C# language and
NET platform. Therefore, it is pretty common to find situations where a
.NET developer builds an entire system without writing any database query,
coding all the routines using only the C# language and using a specific
framework to abstract the database operations, such as Entity Framework
Core, which will be explained with details later in this book.

Usually, the data manipulation in C# language requires the use of Language
Integrated Query (LINQ), which simplifies the standard operations in
collections and allows us to keep consistent code across the application once
all the operations can be made only using the C# language. The LINQ
possibilities have been improved in the last releases of .NET Core in terms
of performance and parallel operations, and it was consolidated among .NET
developers. They can keep the focus on learning the C# language deeply,
making powerful operations in terms of data manipulation at a code level.

LINQ is the technology that allows us to make query operations in objects
using only C# language, possibly manipulating data from a vast amount of
distinct data sources, such as XML, SQL Server, and many others, including
any object that implements the IEnumerable interface. The logic behind
LINQ operations is quite similar to the concept of SQL queries, including
filters, order and group operations, inner joins, and much more. Therefore, if
you are already familiar with SQL queries, adapting to LINQ operations will
be much easier considering their clear existing correlation. However, the
knowledge of SQL queries is not mandatory to learn LINQ operations, and
you will have the opportunity to practice from the most basic to advanced
operations using LINQ during this chapter.

Query expressions




To get started with LINQ queries in this section, a hypothetical scenario that
includes a sort of class must be defined to have a set of models to apply the
most common LINQ operations. First of all, after creating a Console
application using the most recent .NET version and C# language, create a
class called “ProductType,” like the structure shown in Figure 9.1:

3ss ProductType

TArt Id { get; set; }

string Name { get; set; }

s Product

:h”ﬂ Id { get; set; }
:tﬁi:g Title { get; set; }
ProductType ProductType { get; set; }
ecimal Price { get; set; }
nt StorageQuantity { get; set; }

¢ bool Active { get; set;

¢ List<Purchase> Purchases { get; set; }

Figure 9.1: Product Type and Product classes

Additionally, in this example, it is necessary to create two extra classes
regarding customer and purchase information, with the purpose to apply
more variations of LINQ operations and to have more query expression
options. Both of the classes have the following structure as shown in Figure
9.2:



Id { get; set; }

ring Name { get; set; }

ing Address { get; set; }

int Id { get; set; }
Customer Customer { get; set; }

- DateTime PaymentDate { get; set;

c Product Product { get; set; }

Figure 9.2: Customer and Purchase classes

As there is already a set of classes for making the distinct type of LINQ
queries, the next step is to generate mock data that would represent data that
comes from a database, similar to what would be found in a real scenario.
The samples in this section are close to situations where an Object-
Relational Mapper (ORM) is used to bring information from the database
and parse the result of SQL queries to C# objects. As a final step for having
the environment for LINQ statements, you must create a sort of data
regarding all the entities (product, product type, customer, and purchase), as
shown in Figure 9.3, starting from the Product Type model:




ic List<ProductType> GetProductTypes()
pe> productTypes = new List<ProductType>();
productTypes.Add(new ProductType() { Id = 1, Name = “Book" });

productTypes.Add{new Product () { Id = 2, Name = "Magazine" });

productTypes.Add(new ProductType() { Id = 3, Name = "Laptop" });

n productTypes;

Figure 9.3: Get product types method

This context has three distinct product types, which will be associated with
the Product entity. You can place the previous static method in the Program
for test purposes.cs file (Console application) or create it in a separate file
for your convenience. As a sort of product type was already created, the next
step is to create a sort of product, as shown in Figure 9.4:



> GetProducts()
luct> products

products.Add(new Product()
) Id = '1..‘
Title

Active

Price =
StorageQuantity
1_1|.
Irsa

products . Add(new Product()

=25
Title = "BP
Active = t

ProductType

Price
Storag
Purchazes

"._"'|.
Fia

I
L

products;

Figure 9.4: Get product method

As seen in the preceding image, the method creates a list of three products,
each with specific property values. It is essential to have collections with
diverse configurations and data variations to see relevant results in LINQ
queries. Finally, the last step for the mock data setup is the specification of a
method responsible for generating purchases, which is referred to in Figure
9.4 in the second collection item. The method has the structure as shown in
Figure 9.5:



ric List<Purchase> GetPurchases(int productId, int customerld)

List<Purchase> purchases = new List<Purchase>();
For (int i do» 5 iv)

purchases.Add(new Purchase
{

Telr=y

PaymentDate

Customer = n

Product = ne

1)

n purchases;

Figure 9.5: Get product method

As the setup is ready, it is possible to start your journey with LINQ
expressions, starting from the extension method and the most common filter
operations. The query structure is quite similar to the logic behind SQL
queries. The standard C# operators, which were already explained
previously in this book, must be used to specify conditions, from the simple
to the most complex filters. Considering the mock data that is being used in
the samples of this section, if, in a hypothetical scenario, a specific routine in
the system has the purpose of filtering all the products that the price is
smaller than 20, the LINQ expression would be like the representation as
shown in Figure 9.6:

~ products = GetProducts();
r productFilter = products.Where(x => x.Price < 20).Tolist();

~ product in productFilter)

Console.WriteLine($"Product: {product.Title}. Price: {product.Price} ");

Console.ReadLine();

Figure 9.6: Get product method



As shown in Figure 9.6, the extension method “Where” is being used and
receiving a delegate function containing boolean expressions as a parameter
is seen in the “productFilter” variable assignment. The query is returning
all the products that satisfy the condition of having a price smaller than 20.
After making the filter, the extension method “ToList” is used to convert the
result from IQueryable to List<Product> type. A loop shows the result
(product title and price) in the Console. As the product collection has only
one product with a price smaller than 20, the product filter list contains only
one item, as shown in Figure 9.7:

|
Product: .NET Magazine. Price: 10.00

Figure 9.7: Product filter result

If the LINQ query does not return any item, the result would be a null
collection after converting to the List type. Because of that, it is essential to
handle the filter results correctly after the LINQ operations to avoid
exceptions like “Null Reference Exception”. Furthermore, in cases, where
the LINQ expressions are being used with the Entity Framework or other
ORM, it is essential to use only mapped properties because the ORM ftries to
convert the LINQ expressions to SQL queries, and the properties used in the
statement should match to the columns in the database table.

Continuing the example using the product list, considering the LINQ
expression can be used as an extension method, it is possible to combine
multiple statements, such as the order of the result after applying a specific
filter. The following Figure 9.8 represents an ascending order of the product
list, using the title property:



ar products = GetProducts();

ar orderedList = products.OrderBy(x=> x.Title).TolList();

(var product in orderedList)

Console.Writeline($"Product: {product.Titlel}");

Figure 9.8: Order by the statement

All the extension methods expect to receive a delegate Func type; therefore,
even for developers who don’t have experience with LINQ expressions, it is
pretty easy to get familiar with it, as all the methods follow the same pattern.
Additionally, the expressions can follow the same order as a SQL query;
therefore, a SELECT statement followed by the filter is highlighted as
shown in Figure 9.9:

ar products = GetProducts();
r titlelist = products.Select(x=> x.Title).Where(x=> x.Contains("Magazine")).TolList();

sch (var title in titleList)

ole.WriteLine($"Product: {titleList}");

Consola.ReadLine();

Figure 9.9: Select statement

As the product title property is of a string type, the list returned by the LINQ
operations, followed by the ToList method, will return a collection of string
objects instead of the whole product object. This approach represents good
practice, mainly when data comes from databases. It increases the
performance and consumes much less server memory. In this case, it is
necessary to bring only one object from the list being the criteria of the first
or last item on the list, and it is possible to use the FirstOrDefault or
LastOrDefault methods, as shown in Figure 9.10:



customers = GetCustomers();

rar firstCustomer = customers.FirstOrDefault();
lastCustomer = customers.LastOrDefault();

.WriteLine( ar: {firstCustomer.Name}");
Mriteline(3%" r: {lastCustomer.Name}");

s0le.ReadLine();

Figure 9.10: FirstOrDefault and LastOrDefault methods

In that case, the result in both cases is a product object in case there is at
least one item in the product list. The query returns a null product object if
the product contains no items. An alternative to that approach is to use the
First and Last extensions methods. However, they would return a system
exception if the product collection does not have any product. Therefore, it is
recommended to use FirstOrDefault and LastOrDefault if the length of the
collection is uncertain.

The conditional statements in the extension methods can have multiple
operations, combining many conditions. In this scenario, mainly when the
query contains more than three conditions, keeping the indentation and the
code as readable as possible, it is imperative for an excellent visual
interpretation. All the conditional operators can be applied in this context, as
shown in the following example:

var products = GetProducts();
var productFilter = products

.Where(x => (x.Active == true && x.StorageQuantity > 58) ||
X.Purchases.Count > 1);

(var product in productFilter)

Console.WriteLine($"Product: {product.Title}. Price: {product.Price} ");

Figure 9.11: Combined conditional statements

The current section of this book aims to demonstrate the most common
LINQ extension methods used in .NET Core applications, and more



advanced statements are further explained in Chapter 18,_‘Interacting_with
Databases Using_the Entity Framework Core’, where the LINQ expressions
are combined with the Entity Framework. However, before looking at more
advanced LINQ expressions, it is essential to get familiar with the most
simple statements to understand the fundamental concepts behind delegate
Func type, lambda expressions, and conditional operators.

The LINQ expressions contain many extension methods available that can
be used to execute advanced filters with simplicity in terms of syntax and
good performance, even when a collection gets relevant items to count. In
specific scenarios, it is better to use the Boolean return to check the
occurrence of items based on filters instead of bringing the full objects and
checking if the list is null or not, as shown in Figure 9.12:

r customers = GetCustomers():

bool hasCustomer = customers.Any(x => X.Address.Contains("New York"

1f(hasCustomer)
{
ple.WriteLine("It has a2 customer with the New York keyword in the address");

Figure 9.12: The use of Any statement

In that case, the LINQ query will return true or false depending on the
occurrence of an object in the list that satisfies the condition. It represents a
better alternative to the Count method, mainly in cases when the Entity
Framework is being used. Remember that not only delegate Func
expressions can be passed as parameters in specific LINQ extension
methods, but also other types of objects such as other lists, Booleans, and
much more. The following example represents the Except and Intersect
methods, both receiving a list as a parameter. The first one excludes from the
result all the items presented in the second list, and the second example
demonstrates how to combine two lists using the Intersect method, as shown
in Figure 9.13:



tomor . GetCustomers():

York = customers.Where(x => x.Address.Contains("New York®)).ToList(]);
i allCustomerExceptiNewYork = customers.Except(customersNewYork):

¢. WritelLine{"Except result”):
sole.WritelLinel( Adoin(®, ", allCustomerExceptNewYork.Select(x=> x.Address))):

t> firstlist = new List<int> { 1, 2, 3,4, 5 };
t> secondlist = List=int>(} { 1,2,8,9,18 f;

t> intersectlist = firstlist. Intersect(secondList).Tolist();

ected List");
Jein(" " intersectlist)):

Figure 9.13: Except and Intersect methods

Apart from all the methods demonstrated during this section, the C#
language provides many other options, such as Zip, Group By, Inner Joins,
Distinct, Append, Find, Aggregate, and many others, which are shown in
detail in Chapter 18, ‘Interacting_with Databases using__the Entity
Framework Core’ of this book regarding the Entity Framework. As the
manipulation of collections in C# language is one of the most common
operations in many systems, being hugely used combined with ORMs, the
current section has the purpose of showing the most basic LINQ expressions,
which will be helpful to get yourself familiar with it for the upcoming
chapters of this book.

Points to remember

e The C# language provides many LINQ extension methods, most
accepting lambda expressions.

e LINQ expression is commonly used combined with the Entity
Framework and other ORMs.

e The performance of operations in a list of objects is directly affected by
the type of extension method used.

Conclusion

As seen in this chapter, the C# language provides many features to properly
handle all the necessary operations on collections and other types of objects,
which implements the IEnumerable interface using LINQ operations such as




filter, order, intersection, and many others. The use of LINQ allows us to
abstract SQL queries as well if an ORM is used in the system. In that case,
the Entity Framework translates the LINQ statement to the SQL query.

In this chapter, you learned essential and fundamental concepts of LINQ in
the C# language, such as filters, combined conditional statements, and
intersections. Additionally, you had the opportunity to understand how to
learn details on LINQ that will allow you to understand the Entity
Framework Core deeply further in this book.

In the next chapter, you will learn basic concepts of Unit Tests in C#
language and familiarize yourself with the concept of TDD (Test-Driven
Development) and Xunit.

Multiple choice questions

1. Which method in the list given below does not belong to LINQ
extension methods in the C# language?
a. Any()
b. Where()
c. FirstOrDefault()
d. Raw()
2. Which extension method can be used to combine the items of two
lists:
a. Except()
b. Intersect()
c. OrderBy()
d. Zip()
3. What LINQ method allows us to return a boolean value (true or
false) based on the filter result?
ToArray()

a. ToList()
b. Equal()
c. Any()



Answers

1.d
2.b
3.d

Questions

1. Explain the main purpose of LINQ extension methods.

2. Using the knowledge you have gained in this chapter, create variations
of the collections used in this chapter and create at least one filter for
each entity (product, product type, customer, and purchases).
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CHAPTER 10
Unit Tests

Introduction

In this chapter, you will learn the fundamental concepts of unit tests using
C# language, and you will also have the opportunity to apply the new
knowledge in practical examples, use unit tests in real scenarios, and
improve the existing ones in legacy projects.

You will learn how to create basic unit tests in C# projects using the xUnit
tool, a robust test suite for .NET projects. You will get familiar with Test-
Driven Development (TDD) concepts and understand how to create and run
unit tests effectively.

Getting familiar with unit tests for .NET projects is fundamental knowledge
to increase the quality of the projects you are working on and reduce the risk
of issues in production environments, giving you a chance to make changes
safely, even in legacy projects.

Structure

In this chapter, we will discuss the following topics:

e Unit test concept
e Unit test samples with the xUnit tool
e Test-Driven Development (TDD) concept

Objectives

After studying this unit, you should be able to code unit tests in legacy and
new .NET projects, use the xUnit tool to write basic unit tests and
understand how to apply unit tests in real scenarios, and identify possible
improvements that can be made in legacy code to have classes more testable.



Unit Test Concept

Testing is one of the essential phases in a software development life cycle,
representing, in many scenarios, the key point to reduce the project costs and
provide quality and reliability to the software. The art of making tests
involves professionalism, techniques, and ample experience in the software
development process and, sometimes, it requires strong knowledge of
business requirements related to the software, even in small projects, which
can easily have hundreds or thousands of tests to cover all the requirements
and to make sure every routine is working as expected. All the software-
related activities involve manual processes at a certain point made by a
professional specialized in test counting with a large project experience and
its functionality. However, manual tests may have mistakes in their
execution, considering it is not always possible for a professional to
remember all the requirements, possibilities, and workflow regarding certain
functionalities. Additionally, a functionality could contain a specific
implementation that would require repeated tests to ensure that it is working
as expected.

For the given reasons, implementing automated tests is highly recommended
because a good level of automation gives the test process consistency,
reliability, integrity, and a trustable result regarding regression tests. Having
said that the unit tests consist of writing automated to test a single unit of the
code with precise expected results. In the lowest levels of automated tests,
once a single test is responsible for checking whether a tiny expected
behavior of a function, method, or class is being correctly satisfied and
implemented, meeting all the defined requirements for this small part of the
software.

A good approach in unit tests is strongly related to the Single Responsibility
Principle (SRP) of the SOLID principles; once this specific principle helps
us to achieve the goal of having testable classes. Considering a unit test is
responsible for testing a specific part of code, if the same code contains
multiple responsibilities or its requirements are unclear, it would get harder
to define and write unit tests for the underlying code. Therefore, applying a
refactor in a legacy project might be necessary for many scenarios with
testable classes.

After the summary of the unit tests concept, you will find practical examples
of tests using the xUnit tool for .NET projects in the following sections of



this chapter. To apply and reproduce the examples in the next chapter, it is
essential to have small familiarity with object-oriented programming about
what you can find helpful information in the previous chapter of this book.

xUnit tool for .NET

The xUnit is a primarily used testing tool for .NET projects, including .NET
Framework, .NET Core, and .NET Standard, being a consolidated library to
write a sort of distinct tests not only for C# language but also for other extra
languages supported by the .NET platform. The tool gives us the possibility
to extend its native functionality and customize it according to our specific
scenario. The constant updates and support given by the community are one
of the important benefits of the xUnit tool once it is a free and open-source
project. Therefore, this tool represents a good alternative for projects of any
size and is perfectly suitable for almost all scenarios that can be found in
standard and common scenarios. To use the xUnit tool, it is necessary to
install the underlying package in a Test Project, as shown in Figure 10.1:

|i_-1 xunit by James Newkick Brad Wilsan
& sUnit.nstic s dev reloper testing framework, built to suppon Test Drven Developmant,

4 xunit.runner.visualstudio by lames Nevdirk, Brad Wilson w240

t ] Visual Studio 2012 st Explorer mun . Capable of running xUnit.inet w1.9.2 and vi.0+ tests, Supports NET w242
2.0 or later, .NET Core 1.0 or later, and Universal Windows 10.0 or later.

Figure 10.1: xUnit packages

For demonstration purposes, a hypothetical scenario is defined during this
section, counting on a number of classes and methods that allow us to apply
the basic features provided by the xUnit tool and to cover the most basic
concepts of unit tests. The scenario consists of an online store application
that contains specific requirements depending on the type of product, as
shown in the following list:

e The system should not allow the specification of address delivery
information in the case of online products.

e All the books in the online store must provide a twenty percent
discount.



e All the customers must have a thirty percent discount on their
anniversary.

e The discount is never cumulative if there is a conflict between the
requirements. The system should provide the greater one in that case.

Considering these requirements and the given scenario, the project would
have, in the hypothetical and specific scenario, simplified classes and
methods starting with the customer class, as shown in Figure 10.2:

ace BPB_Chapter_10

s Customer

iuif”iﬁf Address { get; set;

Figure 10.2: Customer class

The next class is regarding the product class, including an enum for product
type and a basic method to calculate discount following the underlying
scenarios, as presented in Figure 10.3:



f (ProductType == ProductType.Book)

.Price * i

Price;

n ProductType

Book =-1,
Laptop = 2,

Magazine = 3

Figure 10.3: Product class

In that case, the product class has a method responsible for calculating the
discount based on the requirements, and if none of the conditions is satisfied,
the method returns the original product value. The last class that needs to be
created in the scenario is the Order class, where the address validation is



placed to follow the requirements to avoid shipping address for online
products, as shown in Figure 10.4:

1ng System;
: System.Collections.Generic;
ing System.Ling:

amespace BPB_Chapter_le@

nt Id { get; set; }
lic DateTime Date { get; set; ]
Customer Customer { get; set;

tring ShippingAddress { get; s

ict>» Products { get; set;

1 IsAddressApplicable()

i hasPhysicalProducts = .Products.Any(x => x.IsOnlineProduct == fa

turn hasPhysicalProducts;

Figure 10.4: Order class

The class has a method that returns a boolean value if there is at least one
physical product as part of the order, meeting the requirement in the
hypothetical scenario. Although the three classes are simplified, there are a
lot of test cases that are applicable to check each one of the requirements. To
be testable, an individual class or method must have a clear and unique
purpose and needs to allow the simulation of its behavior accordingly. If for
some reason, a method depends on external resources to run, such as
databases and APIs, the best approach in the case would be the
implementation of integration tests instead of unit tests, as the part of the
code that needs to be tested clearly has more than one responsibility in that
case. In many scenarios, it might represent an indication that the method
should be split into other smaller methods, reducing the dependency between
them and getting easier to write unit tests for the individual methods
separately.

First, we must create new test classes responsible for running the tests for
each business class (customer, order, and product) to organize the tests into



recognizable and meaningful-related parts. The first test class is the
ProductTest class, as shown in Figure 10.5:

= Cryvetame
- 2% STEems;

[,:;f; Xunit;

ass ProductTest

ic void ShouldApplyTwentyPercentDiscountForBooks()

Product product = new Product()

{
Id ='1;
IsOnlineProduct = false,
ProductType = ProductType.Book,
Price = 100.06m,
Title = "Test product"

1
Customer customer = new Customer();

* result = product.ApplyDiscount(customer);
Assert.Equal(80.0em, result);

Figure 10.5: Product test class

The xUnit tool requires using specific annotations associated with the test
methods, such as “Fact,” “Theory,” and others. In that case, they will be
recognized as test classes. In the preceding example, the method is
responsible for verifying if the twenty percent discount is genuinely applied
in the Product class if the product type is a book, according to the stated
requirements listed previously in this section. The test creates an instance of
the Product class, specifies a price of twenty as a decimal, runs the method
to apply the discount, and stores the result in a variable. Finally, line 23



compares the result with the expected result, which is twenty, considering
the given input. To run the tests on Visual Studio, you must choose the
options Test on the superior menu and click on the “Run All Tests” option,
as shown in Figure 10.6:

m Test Analyze Tools Extensions Window  Help

[P Run All Tests Ctri+R, A

An

|

(* Repeat Last Run Ctri+R, L
Debug All Tests Ctrl+R, Ctrl+ A
Debug Last Run Ctrl+R, D
Configure Run Settings
Processor Architecture for AnyCPU Projects
Test Explorer Ctel+E, T

Options...

Figure 10.6: Test menu option

After that, the Visual Studio will open a specific window showing all the
tests found in the solution, separated into classes and methods. The test
running option executes the tests sequentially by default and considering all
the comparisons between expected and actual results, in case of the
conditions are satisfied, the Visual Studio shows the tests as green,
indicating that the tests passed, as shown in Figure 10.7:

Test Explorer

e -F'a &1@ @0

Test Duration E. Test Detail Summary

4 (@) BPB-Chapter-10 (1) 6 @ BPE_Chapter_10.Pro
4 (@) BPB_Chapter_10 (1)

4 (@) ProductTest (1)
@ ShouldApplyTwentyPercentDiscountforBooks

L Duration: & ms

Figure 10.7: Test window

The test windows show detailed information on the time execution for each
individual test, and considering the test was implemented correctly, it is
marked as passed. It is really important in any unit test implementation to
have a good code review, possibly by another developer, to ensure that it is



implemented correctly. A green test does not necessarily mean that the test is
correct or meaningful, following all the desired requirements. If the test is
correct, but the expected and actual results show different results, the test
window highlights the test with the red color, as shown in Figure 10.8:

Test Explarer

Figure 10.8: A failed test example

If the test fails, the window shows the error, indicating the expected and
actual value found by the test itself. This situation requires reviewing the test
and the class or method being tested. To force an error and show the results,
you can change the expected result to a value different from twenty, which is
clearly not what is specified in the Product class regarding discount for the
book product type.

Unit tests, in general, should have good coverage for each class in the
project to ensure all the possibilities and paths are correctly tested and to
guarantee that changes in the code over time will not cause unexpected
errors in existing functionalities. In the product class, the apply discount
method has conditions for the customer’s anniversary and a path to return
the original value if the product type is not a book and the customer's
birthday does not correspond to the actual day. Therefore, extra test methods
must be created to verify if the application discount method has the correct
implementation. Following the requirements, the following condition to be
tested is regarding the customer anniversary, which requires the creation of a
new instance of a customer with the correct data, as shown in Figure 10.9:



/oid ShouldApplyThirtyPercentDiscountCustomerAnniversary()

ct product = new Product()

Id = 1,

IsOnlineProduct = false,
ProductType = ProductType.Book,
Price = 16@.86m,

Title = "Test product”

- omer( ) ;
customer.Birthday = Date Now.AddYears(-38);

r result = product.ApplyDiscount(customer);
sert.Equal(70.eem, result);

Figure 10.9: Customer anniversary test

In that case, the test method states that the customer was born thirty years
ago from the actual date. As the price of the product is one hundred, and the
expected result is a thirty percent discount, the expected product price is
seventy. If the run test option is used again, the test window will show the
complete list of the test, which indicates if they pass or not, as shown in
Figure 10.10:

Duration Test Detal Summary

10 Product Tes!

@ ShouldApphyThirlyPercen DiscountCustomerfnniversany

EEI ShouldApp! r:.-hw,- 4! :jr'Fer-.: etDucountiForBooks

Figure 10.10: Test result for customer anniversary test

The test methods must have meaningful names following strictly what the
test tries to verify the target class. To have relevant coverage, in many cases
in real scenarios, the number of test methods is much greater than the
methods in a class to test all the possibilities thoroughly. Therefore, the
relation between class methods and test methods is not necessarily one-to-



one. The complexity of the target classes determines the number of
necessary tests, and the recommended code coverage by tests usually are
determined and stated project by project, following business prioritization,
developer-hour costs, and the judgment of how certain critical functionality
is for the project's success.

The xUnit tool allows us to specify annotations to input data in the test
method using the attribute “InlinebData” combined with the “Theory”
attribute. In the previous examples, an instance of a product was created,
passing a single price value, which means that the methods were tested only
with one variation. To test the same method with multiple distinct values, it
is possible to specify multiple values that must correspond to the method's
parameters. This approach represents an excellent alternative to inject data
into the method and reduce the effort in writing unit tests:

oid ShouldNotApplyAnyDiscount(decimal price, decimal expected)

Product product = new Product()

{
Id = 1,
IsOnlineProduct = false,
ProductType = ProductType.Laptop,
Price = price,
Title = "Test product"

customer = new Customer();

* result = product.ApplyDiscount(customer);
rt.Equal(expected, result);

Figure 10.11: Inline data attribute

As multiple values are being passed to the method in the annotation
attribute, the test will run three times by comparing the expected and actual
results. It will present an error if at least one variation fails. After running the



tests, the test window shows the results, including the number of times that
the method was executed, as shown in Figure 10.12:

Test Explorer
r-CF'a |A5|@s5|o0

Test Duration
4 () BPB-Chapter-10 (5)
4 () BPB_Chapter 10 (5)
4 (@ ProductTest (3)
'@ ShouldApplyThirtyPercentDiscountCustomerAnniversary

(&) ShauldAnohTwentvPerrentDiscountFarRooks
4 (&) ShouldMNatApplyAnyDiscount (3)
@ ShouldMNotApplyAnyDiscount{price: 100, expected: 100)
@ ShouldNotApplyAnyDiscount{price; 200, expected: 200)
@ ShouldNotApplyAnyDiscount{price: 300, expected: 300)

Figure 10.12: Inline data attribute

The xUnit provides many extension methods to verify the expected results in
many ways, including verifying if a specific exception is thrown and
checking whether a method or routine returns the correct type using
reflection. This tool is broadly used in .NET projects and represents a
reference for flexibility and extensibility as an open-source project.

Test-driven development (TDD)

In the middle of a development process, everyone involved in a software
project is usually focused on meeting strict deadlines, monitoring costs, and
implementing the stated scope. It is pretty common to leave the
implementation of tests for the final of development, considering the system
requirements are constantly changing. The tests are often made only during
the short window available at the project's final. Considering the huge
importance of automated tests to ensure quality and reliability, it is
imperative to prioritize the implementation of tests as part of an essential
part of the development process by any developer involved in a project.
Many professionals in the market think that the inclusion of mandatory
automated tests in planning is not a reachable goal once many projects have
issues in implementation. However, implementing tests at the beginning of




the project is an excellent opportunity to make things right in the first
moment and avoid further and future problems in production environments.
The costs of software correction are much higher when applied lately in a
project, and the necessary effort to implement automated tests in legacy
projects is much more complex.

In fact, implementing tests before the actual code implementation helps us
write better code. During the development, tests are much easier to identify
architectural and implementation problems considering a class or method
must be testable and follow the good practices of software development,
including the observance of recommended practices of object-oriented
programming paradigm, such as SOLID principles, which were already
overviewed previously in this book. The test-driven development consists of
always writing the test before any actual implementation. In the scenario
exemplified in the previous section, it would mean writing the unit tests for
the product class before the full implementation of the product class itself.
Considering the requirements regarding discount, the apply discount method
would have the same tests, but the implementation would not have any
conditions, as shown in Figure 10.13:
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al ApﬁlyDiscount (Customer customer)

Figure 10.13: Apply discount method without conditions

In that case, if the test methods were implemented before, the tests would
intentionally fail until the necessary code is implemented in the product
class, as shown in Figure 10.14:

Test Explorer
L S
Test Duration
4 (%) BPB-Chapter-10 (5)
4 (%) BPB_Chapter_10 (5)
4 () ProductTest (5)

I:J_TC:I ShouldApplyThirtyPercentDiscountCustomerAnniversary
l:):(‘:! ShouldApplyTwentyPercentDiscountForBooks

Figure 10.14: Faled tests

Writing the tests before the target class's implementation allows us to review
the software requirements and ensure that valid tests are safely verifying the



implementation. In the preceding image, considering the apply discount
method does not have the necessary code to apply the custom discount for
the book product type and based on the customer anniversary, the test fails
until the rules are correctly implemented. Basically, the test-driven
development (TDD) approach consists of the following steps:

1. Write the tests.

2. Write the necessary code.

3. Refactor until the test pass.
This approach requires a mind-changing for development teams that usually
do not take this way and also requires maturity in terms of organizational

culture and agile methods, being entirely beyond only technical aspects of a
software development technique.

Points to Remember

e The XUnit is a powerful open-source testing tool for .NET projects.

e The classes and methods must be implemented to be testable and easy
to understand, following the good practices of object-oriented
programming.

e [t is highly recommended to write the unit tests before the code itself to
have good coverage of tests in the project.

Conclusion

As seen in this chapter, the xUnit tool provides many features to properly
test classes and methods in C# language and other languages supported by
the .NET platform. The unit tests are usually based on the comparison
between actual and expected results, and it is possible to execute multiple
variations and run tests using the Visual Studio IDE, keeping a good quality
of the code while the coding process is being made. The test-driven
development technique allows us to write tests at the beginning of the
development process, implement code safely, and ensure that new issues will
not be introduced in future implementations.

In this chapter, you learned essential and fundamental concepts of unit tests
in C# language using the xUnit tool. Additionally, you had the opportunity to



understand the Test-Driven Development (TDD) approach, create unit tests
from scratch using a hypothetical scenario, and familiarize yourself with unit
tests.

In the next chapter, you will have the chance to learn the new features
introduced in C# 8.0 9.0 and a brief overview of C# 10.

Multiple Choice Questions

1. Which annotation attribute can be used for the compiler to identify
if a method is a test?

a. Fact
b. Test
c. Equal
d. Assert

2. Which annotation can be used to inject data into a test method?

a. Parameter

b. Fact

c. Theory and InlineData
d. None of them

3. Which alternative does not represent a valid assert method?

a. True()

b. Equal()

c. EndsWith()
d. NotTrue()

Answers

1.a
2.¢C
3.d

Questions



1. Explain the main purpose of unit tests.

2. Using the knowledge, you have gained in this chapter, create unit tests
for the Order class presented in this chapter.
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CHAPTER 11
New Features in C# 8.0 and 9.0

Introduction

In this chapter, we will walk you through the most relevant features available
for C# language introduced in versions 8.0 and 9.0, including performance
improvements presented since the .NET Core 3.0.

The chapter contains examples that allows you to learn switch expressions,
new asynchronous disposable possibilities, static local functions, default
interface methods, and other valuable changes in the latest C# language.

Getting familiar with the new features in the C# language is essential to
update existing projects based on .NET Core for increasing the performance
of the software, mainly in asynchronous operations, and to have a chance to
apply more efficient statements in your daily code, improving your
developer skills using the most modern version of C# language in real
projects.

Structure

In this chapter, we will discuss the following topics:

e New features in C# 8.0
e New features in C# 9.0

Objectives

After studying this unit, we will be able to use the new features of C# 8.0
and C# 9.0. We will also learn to apply the refactoring process in legacy
projects and identify performance improvements aspects that can be applied
in legacy projects regarding the C# language

New features in C# 8.0




Until this point, you learned the fundamental existing features available in
the C# language that was introduced to it. Since the very first versions at the
beginning of the .NET Framework to familiarize you with the basic
programming language concepts.

Additionally, in this book, you had the chance to learn and apply practical
examples of essential object-oriented programming concepts, including
SOLID principles and Design Patterns. Now, it is time to learn the most
fundamental improvements introduced in C# language in the most recently
released versions, which allows us to understand not only to keep our
projects based on the .NET platform posted but also gives us a chance to get
the advantage of all performance improvements in the most modern version
of C# language.

All the changes shown in this current section are supported since the .NET
Core 3 version, and it is also available since .NET Standard 2.1 is
compatible with all the subsequent versions. Therefore, it is necessary to
have the most recent production version of .NET Core to run all the
examples of this section correctly. The chapter does not contain all the
changes available in the C# language, but it is focused on the most used
features, being related to the most common scenarios presented in daily
projects.

One of the most common new features introduced in C# 8.0 is regarding the
new possibilities for switch expressions that allow us to specify the switch
statement combined with a variable assignment, as shown in Figure 11.1:

static wold SwitchExpression()
{
string messagelustomer = DateTime.Now.DayOfWeek switch
{
ieek.Monday => "The promotion is not available”,
fweek, Tuesday =» “"The promotion iz available only for Laptops",
feeek.Wednesday => "The promoti iz available for all products®,
sel . Thursday =» “The promotion iz available only for Books™,
ek, Friday =» “You are lucky. It is Friday and all the products have twenty percent discount”

nsole. Writeline(mezsageCustomar);
le.Readline();

Figure 11.1: Switch expressions example

This new way to specify switch expressions represents a more readable code
in cases where the result of the statement must be a variable assignment.
Furthermore, as seen in the preceding image, the use of “break” is not



necessary as it is applicable only for traditional switch statements. Another
possibility of switch expressions in the new version of C# language is the
use of the keyword “_” to replace the legacy default option, as shown in
Figure 11.2:

string messageCustomer = DateTime.Mow.DayOflWeek switch
{
ek .Monday => "The promotion is not available",
.Tuesday => "The promotion is available only for Laptops",
Mednesday => "The promotion is available for all products”,
Day .Thursday =» "The promotion is available only for Books®,
DayCfiiesk.Friday => "You are lucky. It is Friday and all the products have twenty percent discount™,

_ =» "None of the products has discount now"

¢

Figure 11.2: Default option for switch expressions

The following examples are regarding the possibility of specifying default
implementation for interface methods, which needs to be used carefully in
real projects following the best practices of interface segregation principle
and respecting the primary purpose of interfaces in real projects. This new
feature represents an alternative to the abstract class concept in many cases,
mainly in scenarios where only a few child classes have a custom
implementation for specific methods. The use of default interface methods
can be implemented, as shown in Figure 11.3:



5 - namespace BPB_Chapter 11

6 {

7 = public interface IHealthInsurancePlan
8 {

9 string Name { get; set; }
10 decimal Price { get; set; }
11
12
13 = public decimal DiscountForGoldPlan()
14 {
15 return Price* ©.2m;
16 }
i7 }
18 }
1q

Figure 11.3: Default option for switch expressions

With this new feature, a class that implements the interface does not need to
explicitly specify the method that already has an implementation in the
interface, contrasting to the previous version where the compile did not
allow this operation, being mandatory before creating the method in the
implementation class. In the case where the implementation is practically the
same for the majority of classes, the use of this feature is beneficial. It allows
us to keep clean classes and avoid using abstract classes when an interface is
more suitable. In this new version of interfaces, the compile does not show
any error if the method is not specified in the implementation class for
default methods, as shown in Figure 11.4:



5 -namespace BPB_Chapter_11

& {

7 = public class MedicalPlanForPrivateCompanies ; IHealthInsurancePlan
8 {

g public string Name { get; set; }

1@

11 public decimal Price { get; set; }

12 1

13 }

Figure 11.4: Implementation class example

The following relevant improvement introduced in C# 8.0 is regarding the
“using” statement. In the previous version, it was necessary to tell the
compile that a specific variable needs to be disposed of after the operations
inside a particular statement are complete. This approach is highly
recommended for external resource manipulation, such as database
connection and files. However, the previous version of the “using”
statement is hard to read in many cases in a code maintenance process if the
routine requires many interpolate statements. Since C# 8.0, it is possible to
specify the “using” keyword before a variable creation, as shown in Figure
11.5:

static void NewUsingImplementation()

65 =

66 {

67 using StreamReader quotationFile =

68 new StreamReader("quotation.txt");

7@ string quotation;

71

2 = while ((quotation = quotationFile.ReadlLine()) != null)
73 {

74 Console.WriteLine("Quotation: " + quotation);
75 }

76

77 }

Figure 11.5: “Using” declaration

In that case, the object created with the “using” keyword will be
automatically disposed of after the current scope, which means when the



method execution is complete. Compared with the old way of disposing of
objects, this form represents a better approach if the object does not need to
be released from the memory before the end of the method execution. The
following image represents the same code but uses the old implementation
of the “using” statement:

- static void 0lduUsingImplementation()

52 {

53 using (StreamReader quotationFile =

54 = new StreamReader("quotation.txt"))

55 { . .

56 string quotation;

58 - while((quotation = quotationFile.ReadLine()) != null)
59 {

60 Consocle.WriteLine("Quotation: " + quotation);
61 }

62 }

: }

yh

Figure 11.6: Old using statement

The old option is still valid in that case, and the applicability of the new
implementation depends on the code decision process to follow the approach
that makes more sense in your specific scenario.

The most recent new versions of C# brought to our application’s significant
improvements in terms of performance and asynchronous operations, thus
allowing us to take advantage of using the full potential of processors with
multiple cores in production environments, giving to users a better
experience in terms of request loading, mainly for Web applications. C# 8.0
introduced the possibility of using an asynchronous concept combined with
enumerable objects, increasing the performance of many common routines
requiring iterating an object. To use that feature, it is necessary to implement
the interface “IAsyncEnumerable<T>" as shown in the following code:



= private static async IAsyncEnumerable<decimal> GetPricesAsync()

{
- foreach (var healthPlan in GetHealthPlans{))
{
decimal price = await new HealthPlanService().GetPrice(healthPlan);
yield return price;
}
}

Figure 11.7: IAsyncEnumerable<T> interface

In this example, the method “GetPriceAsync " returns a list of prices after
calling multiple times an async method in the Health Plan Service class. As
this is an asynchronous operation, once the primary method is called, the
application does not need to wait for all the prices, being possible to process
those simultaneously using multi-threads. This represents a considerable
improvement to the previous versions of C# language that supported only
synchronous operations for loops in general. To consume an async
endurable, it is necessary to use the operation “await” combined with the
“foreach” declaration, as shown in Figure 11.8:

- private static async Task AsyncStreamExample()

{:
- await foreach(var price in GetPricesAsync())
{
Console.WritelLine("Price: " + price);
}
}

Figure 11.8: Async “foreach”

In this example, the price is printed to the console asynchronously once each
item is released by the GetPriceAsync method. The Async Stream
implementation in C# language states one of the best improvements in .NET
applications, being possible to process streams taking the full power of a
server, running many multiple threads at the same according to the limit of
the server configuration.

Array and index manipulations are pretty common in any software, from the
basic to the most complex ones. C# 8.0 brought new features to work with
ranges and indexes, giving simplicity and an extra alternative to having a



more expressive and clear code. To access a specific index, mainly in the
final of the list, it is not necessary to use the keyword length, being possible

to use the

(‘,\J’

keyword to access the inverted index, as shown in the

following code:

ﬁhiﬁéte static void IndicesAndRangeExample()

{

var healthPlans = new string[]

{
"Planl”,
"Plan2",
“Plan3"™;
"Plan4",
"Plan5”,
"Plané",
"Plan7",
"Plan8",
"Plan9”,
"Planle”

var firstPlan = healthPlans[@];
var lastPlan = healthPlans["1];

Console.WriteLine("First plan: " + firstPlan);
Console.WritelLine("Last plan: " + lastPlan);

Figure 11.9: Index

The method assigns the first and last occurrence in the health plan array two
different variables. With the use “A” operator, it is not mandatory to check
the length of the array to avoid exceptions and unexpected behavior of array



manipulation. If we run the method in a Console application, the result will
like the following image:

jFirst plan: Planl

dLast plan: Planil@

Figure 11.10: Index result

Therefore, the new feature produces the expected result, following the
recommendations in terms of simplicity recommended by the technical
community and companies regarding desired improvements for C#
language. Another extra possibility is the new possibilities in terms of
accessing a specific range of an array, as exemplified in Figure 11.11:

var healthPlans = new string[]

{
"Planl®,
"Plan2",
“Plan3d”;
"Pland”,
"Plan5",
"Plang",
"Plan7",
"Plan8",
"Plan9”,
"Planle"

}i

//Planl, Plan2, Plan3, Pland
var firstFourPLans = healthPlans[..4];

var allPlans = healthPlans[..];

//Plan8, Plan9, Planile
var lastThreePlans = healthPlans["3..];



Figure 11.11: Range example

Among all the improvements presented in C# 8.0, the possibility of
asynchronous for enumerable is the most expressive one because since the
first version of .NET Core, the performance has been a key point for the
entire platform, and it is possible to clearly see the vast improvements in
terms of memory usage and processor consumption. Since you learned
essential new features introduced in C# 8.0, in the next section, you will
have the opportunity to familiarize yourself with all the new features
available in C# 9.0.

New features in C# 9.0

C# 9.0 introduced to the .NET platform relevant improvements in object
initialization, simplicity, and new ways to handle data across the system,
giving more possibilities regarding encapsulation and data protection to be
used in more advanced scenarios, despite the syntax being quite simple. Data
protection in classes usually requires extra code, the use of additional
constructors, and a lot of concerns in terms of testing. With C# 9.0, it is
possible to protect class properties from modification without changing the
class structure. Creating different methods to achieve similar results as the
previous language version is no longer necessary.

First of all, one of the most valuable features in the new version is regarding
the Init Accessor, which allows us to specify the mutability of a class
member explicitly, which indicates to the compile that a specific property
can be changed only when the class is created. Additionally, it is not
necessary anymore to specify the constructor in that case as a method, being
possible to initialize the class differently and use the keyword “init” instead
of “set” to become the property immutable after initialization, as shown in
Figure 11.12:



1 | =namespace BPB_CsharpQ_Examﬁles

2 {

3 = public class Product

: {

5 public int Id { get; set; }

6 public string Name { get; set; }
7

8 public decimal Price { get; set; }
Q

18 public bool isDeletable { get; init; }
11

12 | }

13 |}

Figure 11.12: Init accessor

In this example, as the “isDeletable” property uses the init accessor, the
assignment to its value is allowed only in the object initialization, and the
compilation will show an error in case of after the value changes after the
object creation, as shown in Figure 11.13:



Jnamespace BPB_Csharp®_Examples

{

3 = class Progran

i
5 - static veid Main(string[] £
B i
7 = Product product = new Product()
{
Id = @,
1 Name = "Book",

Price = 3@.ém,
isDeletable = false

14 _ 1;

product.isDeletable = true;

}
9 }
00% - 21 b0 = =2 o s
- - -~ |
Error List
Entire Solution = ||€3 1 Error L OWarnings || @D 0of 2 Messages | g | Build « IntelliSense -

* Code  Description

© csess2 Init-only property or indexer 'Product.isDeletable’ can only be assigned in an object initializer, or on 'this’ or 'base’
o =1 1 . L
i an instance constructor or an "init’ accessor.

Figure 11.13: Init accessor

This approach is advantageous because it achieves the purpose of protecting
the property from undesired modification at the same time as the class
structure is kept as simple as it should be. Therefore, to create immutable
properties, it is no longer mandatory to specify extra constructors passing in
the parameters of object property values combined with private properties.

In certain scenarios, a specific implementation requires to become all the
properties in a class to be immutable for different reasons, such as bringing
records from a database or data that comes from an external system using
APIs, among other motivations in keeping the object protected from
modification. If that is the case, C# 9.0 contains a new class modifier called
“record,” which automatically changes to immutable all the properties and
marks the class as a record, protecting the whole class from undesired
modification. The data modifier can be used as shown in Figure 11.14:



3 -/namespace BPB_Csharp9_Examples

4 |{

5 public record Customer

6 {

7 public int Id { get; init; }

8

9 public string Name { get; init; }

10

11 public string Address { get; init; }
12

13 public DateTime BirthDay { get; init; }
14 }

15 }

16

Figure 11.14: Record modifier

Using the “record” gives us extra possibilities in terms of value and data
manipulation, and it also represents a gain in performance. Combined with
records, it can use other keywords to make a copy and correctly compare
objects. The “with” keyword allows us to create a copy of an object,
changing only a few properties if it is necessary, as shown in Figure 11.15:

- static void Main(string[] args)

7
8 {
g - Customer customerl = new Customer()
18 {
11 Id = 1,
12 Name = "Customer 1",
13 BirthDay = new DateTime(day: ©1, month: 12, year: 1987),
14 Address = "Address of the customer 1"
15 ¥
16
17 var customer2 = customerl with { Name = "Customer 2" };
18
19 Console.Writeline(customer2);
2 }
2 P

Figure 11.15: Use of the “with” keyword



Additionally, using records allows us to work appropriately with
comparisons between objects, which can represent a considerable challenge
in specific complex scenarios using the previous versions of the C#
language. If comparison needs to be made, the “Equals” method works as
expected without any extra implementation, as shown in Figure 11.16:

Customer customerl = new Customer()

{
Id = 1,
Name = "Customer 1",
BirthDay = new DateTime(day: 01, month: 12, year: 1987),
Address = "Address of the customer 1"
};
Customer customer2 = new Customer()
{
Id = 1,
Name = "Customer 1",
BirthDay = new DateTime(day: 01, month: 12, year: 1987),
Address = "Address of the customer 1"
s

i

+ customerl.Equals(customer2));
+ (customerl == customerl));

Console.WritelLine("Returns true:
Console.WritelLine("Returns false:

L1]

Figure 11.16: Comparison between objects

In this example, the “customer1” and “customer2’ objects have the same
values in all the properties. However, only the " Equals " comparison returns
equality as true. Finally, another quite helpful feature introduced in C# 9.0
regarding records is the possibility of declaring properties merely, as shown
in the following code:



In that case, the properties without modifiers become a private members by
default, not being possible to change the value after. The records in C#
language allow us to work with inheritance as well, which might be helpful
in scenarios where complex data needs to be handled by external resources.

C# 9.0 contains other changes regarding new features and performance
improvements, but this section is limited only to the changes regarding
classes. Considering the C# 9.0 final release is still in progress until the
moment when this book was written, it is recommended to check the official

O 00 ] v 1 B Wk =

o
B ®©

using System;

-'namespace BPB_Csharp9_Examples

{

public record Customer

{
int Id;
string Name;
string Address;
DateTime BirthDay;
}

Figure 11.17: Simpler properties declaration

C# documentation provided by Microsoft for updates.

Points to remember

C# 8.0 introduced the possibility of having interfaces with a default
implementation for methods.

The record keyword allows us to create read-only objects, increasing
the system's performance.

The init accessor can be used to become property as read-only.



e With the new features in C# 8.0, it can work with asynchronous
streams.

Conclusion

As seen in this chapter, the C# language received many significant
improvements and new features, simplifying the way to build classes and
increasing the quality of testability and readability in complex scenarios. The
8.0 and 9.0 C# versions represent the central point of all the improvements
presented since the first version of .NET Core in terms of simplicity and
good performance. All the changes were made based on the technical
community feedback; some already existed in other modern languages.
Therefore, the C# language is becoming much more powerful and compliant
with market needs.

In this chapter, you learned the most recent changes in C# language,
including improvements on switch expressions, asynchronous streams, and
new ways to handle indexes and ranges. Additionally, you had the
opportunity to familiarize yourself with the init accessor in C# 8.0. You
learned how to work with records to make the classes simpler and well-
controlled in terms of protection.

In the next chapter, you will have the chance to learn how to build
applications for LINUX, including universal executable creation for desktop
applications.

Multiple Choice Questions

1. Which keyword can be used in C# to become a whole class as read-
only?
a. read-only
b. record
c. immutable
d. struct

2. What keyword can be used to become a class property as read-
only:

a. public



b. protected
C. private
d. init
3. Which alternative is valid for object comparison in C# 8.0 for
records?
a. ==
b. Equals()
c !=
d. IsTrue()

Answers

1.b
2.d
3.b

Questions
1. Build the implementation of the switch expression shown previously in
this chapter.

2. Using the knowledge you gained in this chapter, build a series of record
structures.
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CHAPTER 12
Building .NET Applications for Linux

Introduction

In this chapter, we will walk you through the most relevant features in .NET
for cross-platform development using Linux, including examples in terms of
possibilities and restrictions.

The chapter is full of considerations on development for Linux distributions,
giving you the opportunity to know the scenarios where the development of
NET applications for other operating systems is suitable for large-scale
applications.

Getting familiar with the development of .NET applications for Linux is
essential to understand the cross-platform aspect of the most recent versions
of .NET, mainly for saving operating systems and server infrastructure costs,
including crucial aspects of system security for large-scale projects.

Structure

In this chapter, we will discuss the following topics:

» Advantages of multi-platform systems
e .NET projects available for Linux
e Developing .NET applications with WSL 2

Objectives

After studying this unit, you should be able to understand multi-platform
concepts, create your first .INET application for Linux and comprehend the
pros and cons of .NET applications for Linux. You will also be able to use
WSL to develop .NET applications

Advantages of multi-platform concepts




Considering the diverse environment presented in the market in terms of
technologies, programming languages, platforms, and devices, most
prominent tech companies understand the essential and urgent need for the
modernization of their business to support cross-platform development.

Cross-platform development states that a single software must run
adequately in multiple operating systems, such as Windows, Linux, and
macOS, including distributions for mobile devices. The achievement of this
objective represents a considerable challenge for any tech company and
developers of business applications in general, as not all the programming
languages and platforms are compatible with multiple operating systems.

Apple allows the development of applications for macOS using Swift and
Objective-C, programming languages that are not natively compatible with
Windows and Linux operating systems; despite the fact, it is possible to run
on those operating systems using GNUstep and Objective-C compilers for
development purposes. On the other hand, the first versions of the .NET
platform were not compatible with Linux and macOS, limiting the
popularization of the framework among Java developers and other cross-
platform-friendly technologies.

Since the release of .NET Core 1.0, Microsoft has turned the way of
developing applications using the .NET platform with the primary focus of
unifying .NET APIs in general, but evidently with the extra intention of
allowing cross-platform development using C#, Asp.Net, WebAssembly,
including the possibility of installing Microsoft products such as SQL Server
and Visual Studio in other different operating systems. The traditional Visual
Studio is available for macOS, and Visual Studio Code is available for
macOS and various LINUX distributions.

Furthermore, it is even possible to deploy .NET applications in Linux using
.NET Core 1.0, 2.0, 3.0, and .NET 5, including Console Applications and
Asp.Net Core applications. This characteristic of .NET helped increase the
market for C# applications as many companies have the policy of only using
Linux distributions for compliance and cost reasons.

The fact that .NET and Visual Studio are now available on a broader
spectrum increases the potential of developers from other platforms to
migrate to .NET development as they are able now to keep using almost any
operating system without the need for configuring and maintaining costly



virtual machines just to run Windows operating systems to develop .NET
applications.

In the following sections, you will explore the main benefits of cross-
platform development for business applications, starting with market
opportunities.

Market opportunities

Developing a large-scale system that would be available for a vast number of
customers worldwide is a challenging and complex process involving high
costs in terms of professional hiring, design, and architecture of enterprise
applications, including costs regarding application deployment and
maintainability. All these natural issues on software development have a
much higher risk if the software is based on a single platform technology,
which would require developing and deploying the applications in a single
type of operating system, limiting the profitability that a diverse and
competitive market provides. For example, if the software can be used in
Linux, Windows, and macOS, it clearly represents a more competitive
product in terms of market penetration as there are fewer restrictions.

The same applies to mobile applications, as using a technology that allows
us to deploy and publish the application on multiple devices and platforms
represents a considerable advantage in terms of development costs. Xamarin
is an excellent example of reusability and cross-platform development. It is
possible to use C# to develop applications published on Apple Store and
Play Store, despite Apple and Android devices not being natively compatible
with C#.

Maintainability

The possibility of using the same IDE for development in multiple operating
systems using .NET and the flexibility of deploying the same application
based on various platforms represent a turning point regarding hours spent in
software development. Each platform may have its requirements, but .NET
allows us to take advantage of cross-platform development using only C#
language, allowing the fast migration of legacy projects built in old versions
of .NET Framework to the most modern version of .NET, versions 5 and 6.

Hiring process




Many companies base their projects only on open-source technologies
compatible with Linux and other operating systems, such as Python and
Java. However, the restrictions of languages that can be used in a project
also limit the possibility of hiring developers as the profile of professionals
may vary in the market, from time to time, in terms of programming
language and interests. Having cross-platform software to maintain makes
the software company more competitive, increasing the chance of getting
new developers.

Security

The use of cross-platform technology in software development brings us
other essential benefits in terms of security. It allows us to have a more
diverse infrastructure environment for deployment, making possible security
vulnerabilities harder to find by intruders. If your software can be deployed
in only one operating system, it reduces the complexity of hacker attacks.
Furthermore, you can take advantage of all the evolution and modernization
provided by the biggest players in the market in terms of compliance and
security enhancements. This means that you have more options to choose
from when you are designing an application.

System integrations

Developing a multi-platform system increases the integration possibilities
with other applications and tools belonging to a particular operating system
or platform. Despite the main reason for building a cross-platform being the
broader range of options in terms of deployments, if the software can adapt
to each operating system, it is possible to take the general benefits of the
cross-platform application at the same time as providing specific features
that would be possible and would be suitable only for a particular platform.

Fewer costs

Designing an application that works perfectly fine in multiple operating
systems and runs smoothly on numerous devices is a massive challenge for
any software company. The number of technologies available has increased
exponentially over the last few years. The use of software for final users is
not restricted anymore to conventional personal computers and cell phones.
Nowadays, an unlimited number of devices require software and an



operating system to function properly, such as smartwatches, electric cars,
airplanes, domestic electronic devices, and much more. The improvements
in Internet connections worldwide and users' perception change regarding
information availability force tech companies to adapt their development
cycle to include support of any software to a more extensive range of
devices and operating systems in the same proportion.

Considering this fact, the use of a cross-platform technology, such as .NET
since the .NET Core 1.0 version and, more recently, .NET 6, is definitely a
pivotal point in terms of cost management for the entire software
development cycle as it allows you to create a single application that can run
on multiple devices and operating systems. That means developing the
software once instead of having multiple teams in the company; each of
them maintaining and developing the same software for multiple platforms.

.NET projects available for Linux

Since the beginning of the .NET platform, desktop applications using
Windows Form templates have become extremely popular in the market. It
was combined with powerful visual design tools on Visual Studio for
Windows, allowing developers to create complex applications in terms of the
user interface quickly. It was possible to drag and drop components onto a
screen and control the actions of buttons and other events in a significantly
friendly way. Since the development of desktop applications based on
Windows Forms was massively promoted over the last 15 years, many
companies have kept their infrastructure environments focused on the
Microsoft Windows operating system.

That situation contrasts with what has been happening in the market recently,
as many companies adopt multi-platform systems. Windows Forms, as the
name itself suggests, is supposed to run only in the Windows operating
system. Despite all the effort put into the evolution and modernization of
NET by the releases of cross-platform versions since .NET Core 1.0, some
project templates are still unavailable for Linux for particular reasons, such
as DLL restrictions and other environmental issues.

Projects consolidated in the .NET Framework for desktop development do
not have support for Linux, such as Windows Presentation Foundation
(WPF) and Windows Forms, at least not natively. Some specific open-
source projects and initiatives allow the running of WPF applications on



Linux or other applications using Electra. Still, the restrictions make any
project of that nature quite risky.

Web Applications, since .NET Core 1.0, are entirely compatible with the
Linux operating system. That includes Asp.Net MVC, Asp.Net Razor, and
Blazor applications. It is possible to develop over any of these templates and
choose to deploy the application in the Linux operating system instead of
Windows. It represents a turning point in costs with the operating system and
allows us to exchange between platforms depending on the scenario.

Using Visual Studio 2022, if you create a new project from scratch and filter
the project templates by Linux in the platform select option, you will find the
available project options for Linux, as shown in Figure 12.1:
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Figure 12.1: .NET project templates for Linux

Currently, it is possible to create for Linux from Console Applications to
Blazor Apps based on Web Assembly, including the most standard Asp.Net
Core applications, such as Razor pages, Asp.Net MVC, Asp.Net Web API,
and others. In the following section, you will understand and learn how to
develop .NET applications for Linux using WSL 2.



Developing .NET applications with WSL, 2

Since the first .NET Core versions, it has been possible to create .NET
applications in Windows and debug the same application in Linux, verifying
the application's behavior locally before deployment in an actual server. That
is an important feature available for .NET developers as the software testing
process for cross-platform development requires checking for overall quality
in multiple operating systems.

WSL is an acronym for Windows Subsystem for Linux, allowing us to
debug .NET applications in Linux without having to deploy the application
in an actual Linux server. You can do the whole process in the Windows
operating system and choose many Linux distributions available for WSL,
with Ubuntu installed by default. This is handy for productivity and
represents a powerful tool for any developer who wants to test .NET
applications in Linux properly.

To start using WSL 2, you first need to install it on Windows. According to
Microsoft’s official documentation, this tool is available for Windows 10
version 2004 and higher versions; you can get it at the following link:
https://docs.microsoft.com/en-us/windows/wsl/install.

Using Powershell or Windows command-line tool (cmd) in the
Administrator mode, you can install WSL by running the following code:

BN Command Prompt

Microsoft Windows [Version 10.0.19842.1237]
(c) Microsoft Corporation. All rights reserved.

C:\Users\Alexandre Malavasi>wsl --install

Figure 12.2: WSL 2 installation command line

The installation downloads all the necessary files necessary to run WSL.
Choosing the Linux distribution you want to use is possible in the middle of
this process. The Ubuntu distribution is installed by default if another
version is not selected, as shown in Figure 12.3:
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Figure 12.3: Ubuntu installation

The Linux installation process will require the setup of a username and
password that you will need to use to integrate Visual Studio and WSL 2
later. If the installation succeeds, you will see details on the Linux
distribution, as shown in Figure 12.4:

Welcome to Ubuntu 20.84 LTS (GNU/Linux 5.1€.16.3-microsoft-standard-WSL2 x86_64)

* Documentation: https://help.ubuntu.com
Management: https://landscape.canonical.com
* Support: https://ubuntu.com/advantage

System information as of Sat Sep 25 12:11:29 IST 2821

System load: 8.8 Processes: g

Usage of /: 0©.4% of 25@.98GE Users logged in: e

Memory usage: 1% IPv4 address for ethe: 172.24.125.18
Swap usage: &

es can be installed immediately.

se updates are security updates.

The list of available updates is more than a week old.
To check for new updates run: sudo apt update

This message is shown once once a day. To disable it please create the

Figure 12.4: Ubuntu details

Visual Studio 2022 allows us to launch .NET applications directly on the
WSL presented on the same machine to simulate the behavior of the
applications in Linux. With previous versions of Visual Studio, such as the
2019 version, the installation of extra extensions was needed to provide the
same experience that Visual Studio 2022 already provides.



After installing WSL 2 on your Windows machine, you are already able to
start running .NET applications in Visual Studio targeting Linux. To verify
how it works, you can create a new Asp.Net Core MVC application using
Visual Studio 2022. First, create a new project, choosing the Asp.Net Core
Web App template, as shown in Figure 12.5:

ASP.NET Core Web App

A project template for creating an ASP.NET Core application with example ASP.NET
Razor Pages content,

c# L ma

Nie User inter

macs

Figure 12.5: Asp.Net Core Web App template



After giving the project a name in the next steps of the project wizard,
choose the .NET version you want (.NET 5 or .NET 6) and confirm the
creation. The default template for Asp.Net Core Web App creates a Razor
pages project with the structure presented in Figure 12.6:
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C# Startup.cs

Figure 12.6: Razor pages project structure

In order to check the operating system that the application will be running
over, in the Index.cshtml file under the Shared folder, change the content of
the ha HTML tag to show the operating system, as shown in Figure 12.7:
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<p>Learn about <a href="https://docs.microsoft.com/aspnet/core">
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</div>
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Figure 12.7: Index page

In Figure 12.7, you can see the information Environment.OSVersion is
displayed through line 10 of the code. This code renders on the page the
application's operating version is running on. Suppose you run the
application using the default configuration on Visual Studio, as the operating
system used in the machine is Windows. In that case, the underlying
information is shown on the page, as shown in Figure 12.8:

O D localhost 227 76 - i - 4

Chapter12DotNetLinux Home Privacy

Microsoft Windows NT
10.0.19042.0

Learn about building Web apps with ASP.NET Core.



Figure 12.8: Windows operating system

However, as WSL 2 is installed and configured in the same machine for
Ubuntu Linux distribution, it is possible to choose the WSL option in the
running mode within Visual Studio, as shown in Figure 12.9:

Build Debug Test Analyze  Tools  Estensions  Window  Help |Searchl{Ctr|+Q]l F"|

P IS Express --| &y "| = | =
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Chapterl2DotMetlinux
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Wifeh Browser (Google Chrome)
Script Debugging (Disabled)
Browrse Wfith..,
A Chapterl2Dothetlinux Debug Properties

Figure 12.9: WSL debug option

By choosing the WSL option, Visual Studio launches the .NET application
within WSL under Linux Ubuntu or under any Linux distribution that is
available and configured, as shown in Figure 12.10:

|- Hcmapage - ChapteridDothe = +

@ bcalhost 5000 &

Chapter12DotNetLinux Home Privacy

Unix 5.10.16.3

Learn about building Web apps with ASP.NET Core.

Figure 12.10: .NET application running on Linux

After running the application, it is possible to confirm the
Environment.OSVersion statement recognized Unix 5.10.16.3 as the



operating system version on which the application is running. The same
application works perfectly well on Windows and Linux, and using Visual
Studio 2022 and WSL makes it possible to debug the .NET application in
many Linux distributions. That is an essential feature for any developer who
develops cross-platform applications. They need to ensure that the software
has the expected result in multiple operating systems before any deployment
to actual production environments.

In Chapter 15, ‘Desktop,_Console and Mobile Applications,” you will have
more opportunities to exercise the creation of cross-platform applications,
including options for Linux, with the use of .NET MAUI.

Conclusion

As seen in this chapter, .NET has many project templates that fully support
the Linux operating system, including the possibility of debugging
applications on different distributions of Linux, even developing in Windows
through WSL. This represents a considerable advantage in cross-platform
development and allows us to thoroughly test the application in more than
one operating system to figure out issues before production deployments.

In this chapter, you learned Windows Subsystem for Linux and how to
debug .NET applications in Linux Ubuntu using Visual Studio 2022.
Furthermore, you had the chance to familiarize yourself with the main
advantages of cross-platform development, such as benefits in the hiring
process, server costs, and much more.

In the next chapter, you will have the chance to learn how to build Web
Applications in .NET, covering Asp.Net MVC, Razor Pages, and Web APIs.

Points to remember

e WSL is the acronym for Windows Subsystem for Linux and allows us
to debug .NET applications in Linux, even when developing the
application in the Windows operating system.

e WSL has Ubuntu as the default Linux distribution.

e Cross-platform development is a key point as a market penetration
strategy for any software company.



Multiple choice questions

1. Which command can be used to install WSL using Powershell or
CMD?

a. dotnet install

b. Linux Ubuntu --install
c. WSL dotnet install

d. WSL --install

2. What is the default distribution in WSL installations?

a. Debian
b. Fedora
c. Ubuntu
d. Mandriva
3. Which project template in .NET does not have full support for
Linux?
a. Blazor
b. Windows Forms
c. Asp.Net MVC
d. Razor Pages

Answers

1.d
2.¢C
3.b

Questions

1. Create an Asp.Net Core MVC project and change the Home Index
view to show the operating system. After that, run the application in
WSL.

2. List and explain the advantages of cross-platform development.



Key terms

WSL is an acronym for Windows Subsystem for Linux and represents
a layer on Windows compatible with executables used in Linux.

Ubuntu is one of the Linux distributions created in Linux communities
with the option for professional support despite the free operating
system.

IDE is an acronym for Integrated Development Environment and
represents software used by developers to build and execute
applications.

DLL is an acronym for dynamic link Library and represents a group of
functions and components that can be reused by other programs to
execute specific tasks.

MVC is one of the most used software architecture patterns in the
market for Asp.Net Core applications. The acronym stands for Model-
View-Controller, which explicitly says that it highlights the separation
of concerns in the application in logical layers.
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CHAPTER 13
Asp.Net Core Web API

Introduction

The .NET platform has consolidated frameworks for Web development
under Asp.Net Core that meet the most high-standard requirements of the
market in terms of security, performance, flexibility, and other fundamental
concepts that allow us to build powerful cross-platform Web applications
based on Razor syntax and APIs REST.

Learning the Asp.Net Core project types allows you to identify in which
scenarios they can be used in different contexts to solve various problems
regarding Web development.

This chapter will have a detailed overview of the most common uses for
Asp.Net Core Web API projects, including Minimal APIs.

Structure

In this chapter, we will discuss the following topics:

e Asp.Net Core Web API project
e HTTP Verbs

e Creating a web API project

e Minimal APIs

Objectives

After studying this unit, you should be able to identify the scenarios where
the Asp.Net Core Web API project can be used. You will also learn to create
simple Web API projects using the .NET platform. You will understand
standard concepts of Web APIs.

Asp.Net Core Web API project




With the popularity of Web-based applications over the last two decades, the
need for integration between services exponentially increased, forcing the
software development market to establish standard protocols that would
allow communication between systems in a more generic approach. Even the
different parts involved in an integration process are built using other
backend technologies.

In this regard, it is crucial to understand the concept of APIs based on REST,
which is the most common type of cross-platform communication for Web
development. API stands for Application Programming Interface, and its
primary purpose is to define a typical contract between multiple
applications, establishing the pattern used for requests and responses. There
are many ways to facilitate communication between different systems
through APIs, but over the last years, REST has been the most used
architectural standard used for Web development, which means
Representational State Transfer.

In this API REST model, the technology used between the client and server
does not have any restrictions and can be completely different. The service
that allows inter-communication follows a generic pattern for the request and
response, usually using JSON (JavaScript Object Notation) format.

The contract between two or more services that will communicate with each
other defines a set of specifications for methods, endpoints, parameters,
authentication, and any additional relevant information on the requests and
responses that exist in a specific API. But REST is not the protocol for
communication but an architectural style. Typical applications based on Web
development have HTTP/HTTP2 as the base protocol for communication.
Because of that, it is imperative to familiarize yourself with HTTP requests
before creating any Asp.Net Core Web API application.

HTTP Verbs

When a design of any Web API takes place, a clear understanding and
conscious use of the correct HTTP Verbs are fundamental as they represent
an essential part of the contract established in the communication between
systems. Five HTTP verbs are usually applied in common Web APIs as
explained in the list below.




e POST: This verb is commonly used to create new objects or records
through an API endpoint. If the creation of the underlying resource
succeeds, the API usually returns an HTTP status 201 with the object
or record that was just created. Specifying the correct HTTP verb for
creating records helps you prevent security issues.

e GET: This HTTP verb is utilized to retrieve data through an API
endpoint and usually returns JSON data under the HTTP code of 200.
In some instances, a GET endpoint may return data in other convenient
formats: file, plain text, XML, and others.

e PUT: The PUT verb is often used to update one or more
records/objects, returning the HTTP status of 200 if the update
succeeded. In some instances, an endpoint using this verb may create a
resource instead of updating any entry, but it depends on the logical
implementation presented in the endpoint.

e PATCH: This verb is used when only a specific part of a record is due
to be updated, not the entire record. Therefore, the contract between the
client and the server application states that a partial object can be sent
within the request. The API will handle which fields or properties of
specific records need to be updated. This is similar to the PUT verb,
but the PUT is commonly used for complete updates of records, not
partial ones.

e DELETE: As the name states, this verb is used to remove records and
usually returns the code of 200 in the HTTP response if the removal is
successfully done.

Regarding standard API responses and HTTP status codes, code 405 is
commonly used as a response by an API if the requester does not have the
authorization to use the underlying endpoint or method. Another common
one is code 404, which indicates that a specific resource does not exist.

Creating a Web API project

With a better understanding of the concept of Web API based on REST and
HTTP Verbs, it is time to create a Web API from scratch using Visual Studio
2022 or Visual Studio code. All the samples in this chapter use the .NET 6
version, and other examples in this book use .NET 7. Regarding




compatibility for Web APIs, the concepts demonstrated in this section do not
rely on a specific version being applied in either .NET 6 or .NET 7.

Using Visual Studio 2022, create a new project using the Asp.Net Core Web
API template, as shown in Figure 13.1:

Create a new project

Recent project templates Althnguages

Figure 13.1: Asp.Net Core Web API project creation

After selecting the Asp.Net Core Web API project type, give a name and a
local path for your Web API project, as shown in Figure 13.2:
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Figure 13.2: Asp.Net Core Web API project properties

In the next step, you will need to specify the .NET version you would like to
set your Web API, the authentication type if any, and other configurations
such as HTTPS, Docker, and different optional settings, as shown in Figure
13.3:
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Figure 13.3: Asp.Net Core Web API additional information

The .NET 6 version is used for this sample project, and the configuration is
set to use controllers instead of minimal APIs. The difference between
controllers and minimal APIs is explained later in this chapter, including
relevant examples and scenarios where each is recommended.

Once the Asp.Net Core Web API project is created, the default project
template already provides a Weather Forecast Controller as an example and
default settings to run the application. After you complete the project
yourself, the folders and files in the Solution should be similar to the
representation shown in Figure 13.4:
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Figure 13.4: Asp.Net Core Web API project structure

The default project template using Visual Studio 2022 contains a single
controller called weatherForecastController and a model named as
WeatherForecast. Controllers within Asp.Net Core Web API projects are
responsible for intercepting the requests through endpoints, which are
defined using methods combined with decorators that determine the
underlying HTTP verb for the endpoint: GET, POST, PUT, PATCH, or
DELETE.

If you run the Web Api project without any modification and type in the
browser the URL  https://localhost:7187/WeatherForecast, the
WeatherForecast Controller intercepts the request and executes the default
method in the Controller, returning a JSON result, as shown in Figure 13.5:

< G A Not secure | Ritps/Mlocalhost7 187 AeatherForecast

[{"date":"2822-83-20T01:19:49, BA3E731+21 : 82", "temperaturel™ :49, "temperatureF” 1120, “summary™ : "Cool"} , {"date" : "2@22-03 -
IBTOL:19:49. 803 706+01 : 00", "temperatureC” 112, "temperatureF" 153, "sumary™ :"Chilly "}, {"date™ :"2022-23-

J1T@L:19:49, 88371085401 : 00", "temperaturel™ : -7, "temperaturar” : 28, " summary” s "Chilly "}, { "date” :"20822 -84 -
PLTOL:19:49.8857111+01:007 , "temperaturel™: -19, "temperaturer” : -2, "summary™ : "Balmy ™}, {"date" :" 2022 -84 -

@2TeL:19:49, 8037117401 : 00", “temperaturec™ : 14, “temperatureF " : 57, "summary™ : "Chilly"”}]



Figure 13.5: Weather Forecast endpoint response

The browser indicates a failure regarding HTTPS as the local environment
does not have any valid certificate for SSL. Secure Sockets Layer (SSL);
therefore, the application can still run normally. Asp.Net Core projects, in
general, give us the ability to configure routes, dependency injection,
authorization, authentication, and many other important aspects and features
that are common in standard Web applications with the requirement for
HTTPS being one of them.

Considering the default template for Web API already has something
implemented, it is worth building a new controller and a new model to
understand how this type of project works and can be used properly. Within
Visual Studio 2022, create a new Customer class at the root of your Project
Solution. The creation can be done by right clicking on the project in the
Solution Explorer window, as shown in Figure 13.6.

The Customer class can have basic hypothetical properties, such as ID, first
name, surname, birthday, and address. The underlying type of each property
can be seen in Figure 13.7. This model does not require any methods in this
example, as the entire logic is handled within the Controller. It is
recommended to keep models away from logic implementation in real
scenarios, with them being just Data Transfer Objects. The reason for that is
to avoid dependencies between the business models and the highest layer in
the application, which is, in this context, the response given by the controller
as shown in Figure 13.6:
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Figure 13.6: Creation of Customer class

After creating the Customer model, the structure looks like the one presented
in Figure 13.7. The class does not require any logic on its constructor and
does not have any validation for any of the properties. A proper validation
would be desirable and implemented in a suitable Business layer to avoid
issues for POST, PUT, and PATCH methods within the Controller, as these
types of endpoints are related to data changes. Please refer to Figure 13.7:
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Figure 13.7: Customer class structure

The next step is to create the Customer Controller, which will have four
primary operations: create a customer, update a customer, get a customer,
and delete a customer. Considering the purpose of this section is to
demonstrate how Asp.Net Core Web APIs work, connections with databases
and more complex business logic are intentionally hidden to facilitate
comprehension for the reader. Within the Solution Explorer in Visual Studio,
right click on the Controllers folder, as shown in Figure 13.8.

Choose the “MvC controller - Empty” option and give it the correct name
as Customercontroller. By convention, all the Controllers within Asp.Net
Core projects have the word “Controller” as a suffix in the name of the class.
This pattern facilitates the definition of automatic routes for endpoints and
consistency between classes of the same type.
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Figure 13.8: Customer Controller creation

After the creation of the Customer Controller, the default content looks like
the representation shown in Figure 13.9:



using Microsoft.AspNetCore.Mvc;

ce MyWebAPI.Controllers

CustomerController : Controller

¢ IActionResult Index()

return View();

Figure 13.9: Customer Controller default content

The Customer Controller class inherits from the Controller class, natively
presented on. NET. This configuration is automatically added when a new
Controller is created using Visual Studio. However, in the context of the
example of this section, the Customer Controller can inherit from the
ControllerBase class to keep consistency with another Controller presented
in the Solution.

Routes are a crucial part of the configuration of any Controller. Routes are
the paths that expose the Controller methods as valid endpoints to be
consumed by other applications. In the example of this section, the
Controller's name can be part of the path, and each method complements the
full path. Therefore, the endpoints have the following path:
/controller/method.

Routes can be configured in class and method levels using proper
Annotations. For the Customer Controller, the route for the class has the
route configuration highlighted in Figure 13.10:
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1sing Microsoft.AspNetCore.Mvc;

ce MyWebAPI.Controllers

[ApiController]
[Route("[controller]”)]

¢ class CustomerController : ControllerBase

public IActionResult Index()

return Ok();

Figure 13.10: Customer controller route

In Figure 13.10, note that changes are made into Customer Controller, and it
passes to inherit from ControllerBase class and returns an “Ok” response
instead of a View. In line 5, an Annotation name ApiController is used to
mark that class as an actual Web API. Additionally, an Attribute Route is
used in line 4 to define that the Controller's name will be the root path to
access all the endpoints within the underlying Controller.

A static property is used in this example to simulate the connection to an
actual database. Therefore, the state of the content is kept in the memory
during the time the application is running, as presented in Figure 13.11:



tatic . new List<Customer>(

¥ Custo -i'tl:jl“( }

Id = 1,

FirstName = "Alex",

SurName = "Mala im
BirthDay = new DateTime(1987

oy Customer()

Id = 2.

FirstName = "Myla"
SurName = "Belle",
BirthDay = new DateTime(1993, 5, 23)

I

=i Customer()
Id = 3,
FirstName = "Richard",
SurName = "Lintz",
BirthDay = new DateTime(1965, 4, 16)

c IActionResult Index()

return Ok():

Figure 13.11: Static customer list property

As shown in Figure 13.11, the private property called “_customers” is a list
of customers with three initial items. With this initial set, the methods for the
Customer Controller can be created to add new entries to that list, update a
specific item, or even remove a customer from the list. These operations
would likely be done using a database or table storage system to store
records in a real system.

The first method that can be created is the one responsible for getting the list
of all customers in the list under the GET HTTP verb. To achieve that, create
a new method within the Controller, and specify the HTTP verb and the
route as attributes in the method level, as shown in Figure 13.12:



[HttpGet(Name = "GetCustomers")]

public IActionResult GetCustomers O
1

return Ok(_customers);

Figure 13.12: Get Customers method

As seen in Figure 13.12, the Get Customers method returns an “Ok”
response with the list of customers as an argument. The “Ok” method returns
an HTTP status of 200, which means a successful response for standard Web
APIs. In line 34, an HTTP verb is specified, determining that this method
only allows GET requests. Additionally, the Attribute above the method sets
the route name for the method, which is ‘GetCustomers’.

If you run the application, you should be able to execute the underlying URL
for the customer controller, followed by the method name:
/Customer/GetCustomers. To have this path functioning with this exact
configuration, go to the beginning of the Controller and change the Attribute
for the whole class to include the “action” in the path, as highlighted in
Figure 13.13:

[ApiController]
[Route(" [controller]/[action]")]

class CustomerController : ControllerBase

Figure 13.13: Action configuration

This route configuration states that the path for all the endpoints within this
Controller is the name of the actual Controller, followed by the name of the
method being executed. Asp.Net Core projects allow us to configure routes
with broader possibilities, including dynamic routes or even query
parameters.

After  running the application and executing the URL
/Customer/GetCustomers, the Web API executes the Controller and



methods corresponding to the route configuration. Considering the
GetCustomers method returns the list of customers, Figure 13.14 shows
what the response looks like:

& hitps:/flocalhost 187/ Custarner X +

& - C A Notsecure | hitpsi/focalhostT 187 /Customer/GetCustomers = o % 0O ﬂ'

[{"id":1,"firstHame™ :"Alex" ,"surName” :"Malavasi®, "birthDay™ :"1987-12-01T00:80: 88" ,"address" :null},
{Uid" 2, firstName™ i "Myla™, "suriName™ :"Belle” ,"birthDay™ 11992 -25-23TQ@: @@: @@" ,"address™ tnull},
{"id":3,"firstName"” :"Richard"”,"surName" :"Lintz","birthDay" :"1955-04-18T00: 08 : 20" ,"address™ :null} )

Figure 13.14: Get Customers response

The Web API returns a JSON object by default, serializing the List of
Customers into this format. This is the most common response used by Web
APIs, not only by projects based on the .NET platform. This format is
primarily compatible with many technologies, including front-end
applications based on JavaScript frameworks.

The next step in our example is to create another GET method that brings a
single customer by receiving the customer's ID as a parameter. To achieve
that, create a new method called “GetCustomer”, with an integer parameter
called “1d”, as shown in Figure 13.15:

[HttpGet(Name = "GetCustomer")]

IActionResult GetCustomer(int id)

var customer = _customers
.FirstOrDefault(x => x.Id == id);

if (customer == null) return NotFound();

return Ok(customer);

Figure 13.15: Get Customer method



In the Get Customer method, an integer parameter is specified to intercept
the customer's ID passed through the query string in the request. For
example, the method body tries to get the customer from the static customer
list. If the ID passed is invalid, the API method returns a “NotFound”
response, representing the HTTP response status of 404. The customer
object is returned as a JSON object if the customer does exist.

After running the application, you should be able to execute the new Get
Customer endpoint, passing one of the valid IDs presented on the static
customer list, as shown in Figure 13.16:

@ Swagger Ul X @ hitpnilocalhost 7187/ Custormer X

< E C A Mot secure | hitps/AocalbostT 187 /Customer/GetCustomertid=1

{"id":1,"firstName" :"Alex" ,"surame™ :"Malavasi” ,"birthDay™ :"1987-12-21 700 : @@: 00" ,"address™ :null}

Figure 13.16: Get Customer method response

As ID number one is passed through the URL parameter, the Controller
method intercepts the value in the request. It executes the logic successfully,
responding to an HTTP status of 200 with the underlying customer, whose
ID is number one. Considering the method had a logic to return a “Not
Found” response for an invalid ID, as shown in Figure 13.17:

@ Swagger Ul x @ httpsilocalhost 7187/ Custormer X +

e C A Notsecure | hitps/ocathost? stomer/GetCustomertid=222 [ ¢ & 0O ﬂ

{"type":"https://tools.ietf.org/html/rfc7231#section-6.5, 4", "title" :"Not Found","status" 404, "traceld”:"oe-
BA3BT0acd29dTafa048f672bcach3774-91502c3feof L aded-02"}

Figure 13.17: Not Found response

Passing a value of “222” as a URL parameter, the API returns a “Not Found”
response with the status code of 404, as expected. Other status codes can be
used for various situations, such as authorization, server error, and so on.
Each type of response helps the client application properly handle errors
between requests and track the root cause for issues in integrations.
Therefore, while building your API in real scenarios, specify the correct



response based on standard practices used in the market for business
applications.

As we already have two GET methods in the Customer Controller, the next
step is to create suitable methods to add and update customers to the static
list. Starting from the Add method, create a new Controller action that
receives a customer object as a parameter, adds the new customer to the
static customer list and returns the latest record using the “Ok” method.
After doing that, your method would like the representation in Figure 13.18:

[HttpPost(Name = "AddCustomer")]

IActionResult AddCustomer(Customer customer)

_customers . Add(customer) ;

return Ok(customer):

Figure 13.18: Add Customer method

Note that the “Addcustomer” method is configured to be a POST method in
line 53 and expects to receive a customer object in the request. Considering
this method allows only the POST HTTP verb, it is impossible to test it by
passing parameters via URL. The customer information must be given in the
header of the request.

To facilitate the test of APIs, Asp.Net Core Web APIs projects, since version
NET 6, configure a Swagger endpoint by default to document the API
endpoints and provide a playground to test all the methods. To ensure you
have Swagger configured correctly in your project, go to the Program.cs file
within the project Solution, and check whether Swagger is specified there, as
shown in Figure 13.19:



=if Capp. Environment .IsDevel opme nf(}]
{

app.UseSwagger();
app.UseSwaggerUI();

Figure 13.19: Swagger configuration

Swagger provides a documentation page built dynamically, listing all the
Controllers and their methods presented in the Asp.Net Core Web API
project, as shown in Figure 13.20:

€« - @ A Notsecure | kitpsiiocalhostT 187 fswagger/indexhtm| = o N = 0O ﬂ'

@ svageer
o SMANTREAR

MyWebAP| ® &=

Customer &
fCustomer /GatCustomers W
/Customer /GetCustomer A
' JCustomer fAddCustomer ~
WeatherForecast i
. fHWeatherForaecast N

Figure 13.20: Swagger page

Typically, the Swagger page can be accessed through the URL “/swagger”,
which directs automatically to the list of endpoints available in the Web API.



To test the “AddCustomer” POST method, you can expand the underlying
method on Swagger and click on the “Try it out” button, as shown in
Figure 13.21:

' POST | /Customer/AddCustomer )

Mo parameters

Request Doy application{json v |

Example Value Schema

oy, 3,
“firstName": “strimg",

“surName": "string",
"birthDay™: "2022-83-28T22:18:67.1631",
"NﬂFESS" . “itr'ir‘:“

Responsas

Code Description Links

200 Mo finks
SUccess

Figure 13.21: Add Customer method on Swagger

The “Try it out” option opens details on the necessary API request and
suggests a test customer object that needs to be specified by you to test the
request. After specifying random test values on all the properties in the
JSON object, use the option “Execute”. This operation submits a request to
the underlying method within the Customer Controller and receives the
details on the API response, as shown in Figure 13.22:



; [Customer
POST fAddcustomer N\

Parameters [ Cancel Reset

No parameters

Request body application/json v

=gl A
“firstName™: “John”,

“suriName"”: "Sulivan™,

"birthpay”: "2022-03-28T7T22:20:43.156Z",
"address”: "

}

®

Figure 13.22: Add Customer method execution

After pressing the Execute button with a valid JSON customer object filled,
you should be able to see the response details returned by the underlying
API Controller action, with a status code of 200 and the new customer
information on the response body box, as shown in Figure 13.23:



Responses

Curl

curl -X "POST'
"https: f{localbhost: 7187¢ Customer/ AddCustomer® '\
-H ‘accept: ¥f¥' 3
-H "Content-Type: application/json” Y

“firstiame™: “John™,

"surMame”: "Sulivan”,

“birthDay™: “2022-83-28T22:28:43.1561",
“address™: "

i

Request URL

https://localhost: 7187/ Customer/ Add Customer

Server response

Code Details

F’I]
200 Response body

“id: a4,
"firstName™: “John",
"surName”: “Sulivan”,

“birthDay": “2022-93-28T22:20:43. 1562",

"oddress™: "

Response headers

content -type: application/json; charset=utf-38

date: Mon, 28 Har 2022 22:27:43 GAT
server: Kestrel

Download

Responses

Code Description

200
Success

Figure 13.23: Add Customer method response

The same principle applies to PATCH, DELETE, and PUT HTTP verbs.
Once a specific method is created within the Controller, you must specify the

Links

Mo links



underlying HTTP request type in the method attributes and implement the
necessary logic for each method.

Minimal APIs

Following the same pattern used in other platforms, such as python, PHP,
and others, the .NET platforms provided a way to build minimal APIs since
.NET 6, being possible to create simple APIs without so much effort in
terms of configuration and coding. A traditional Asp.Net Core Web API
project contains many folders and files to function correctly, such as
Controllers, Models, Program configuration, and so on. The concept of
minimal APIs in .NET allows quickly creating a Web service with one or
multiple endpoints, with a minimum of code apart from the actual logical
implementation, particular to each API project.

In Visual Studio 2022, create a new Asp.Net Core Web API project,
unchecking the “Use controllers” box, as shown in Figure 13.24:
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Figure 13.24: Creation of Minimal API project

After confirming the creation of the project on Visual Studio, it is possible to
see that the number of files is much less significant than the previous Web
API project created previously in this chapter. It has only two configuration
files in JSON format to store the application's settings and the Program.cs
file to contain the actual implementation of the minimal API, as shown in
Figure 13.25:
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Figure 13.25: Solution Explorer for Minimal APIs

The Program.cs file is where you can specify the configuration for the entire
application and specify the API endpoints simultaneously in a single
structure. Minimal APIs projects allow you to have a similar experience to a
traditional Web API project that uses Controllers and actions. The route
configuration, authentication aspects, authorization, and any other
configuration can be done directly in the Program.cs file, including
specification of internal classes and much more, as shown in Figure 13.26:



= Az \WaatherForecast

]

var builder = WebApplication.CreateBuilder(args);

var app = builder.Build();

app.UseHttpsRedirection();

Fvar summaries = new[]
{
"Freezing", "Bracing", "Chilly", "Cool", "Mild", "Warm'

};

Eapp.MapGet(" /weatherforecast", () =>

{

var forecast = Enumerable.Range(1l, 5).Select(index =>

w WeatherForecast

DateTime.Now.AddDays(index),
Random.Shared.Next(-20, 55),
summaries[Random.Shared.Next(summaries.Length)]
))
.ToArray();
return forecast;

LB

app.Run();

rd WeatherForecast

Figure 13.26: Program.cs sample of Minimal APIs

The default project template for Minimal APIs presented on Visual Studio
contains the same Weather Forecast endpoint that exists in the project
template for Web APIs based in Controllers. The HTTPS configuration and
the definition of a Web API method are under the “weatherforecast” route in
the same file.



The advantage of minimal APIs is that you can create simple APIs as
microservices without relying on all the heavy configurations presented in
traditional Web APIs that use Controllers. However, if your application in
real scenarios has way too many endpoints, the use of minimal APIs is not
recommended, as all the implementation is presented in the same file. In
minimal APIs is not possible to split business areas into multiple
Controllers. Having said that, the evaluation of its use should be carefully
done.

In the next chapter, you will have the opportunity to configure authentication
for Asp.Net Core projects, considering that the exact mechanism for
authorization and authentication is applicable for different Asp.Net Core
projects, including Razor Pages, Model-View-Controllers, and Blazor
applications.

Conclusion

In this chapter, you learned that the .NET platform provides project
templates to build Web API projects efficiently with intuitive use of
attributes to configure routes, authentication, HTTP Verbs, and other
essential properties for Web APIs.

Web APIs are essential for any business project, as they allow us to prepare
applications to communicate with others without exposing the technology
used in the backend. Additionally, minimal APIs are based in Asp.Net Core
since .NET 6 represents a powerful and efficient way to stand up a Web
Service, following similar practices used by other technologies such as
Python, Go, and others.

In this chapter, you learned how to create simple Web APIs, the concept of
HTTP requests, HTTP verbs, HTTP status codes, minimal APIs, and much
more.

In the next chapter, you will have the opportunity to dive deeply into Blazor,
the new Single Page Application of the .NET platform. You will have the
opportunity to configure authentication for Asp.Net Core projects,
considering that the exact mechanism for authorization and authentication is
applicable for different Asp.Net Core projects, including Razor Pages,
Model-View-Controllers, and Blazor applications.



Points to remember

e The use of minimal APIs should be considered for small applications.

» Specifying the correct HTTP verb while creating any API endpoint is
essential to facilitate integrations between different systems.

e Swagger can be used to document and test APIs.

e Minimal APIs are presented only since the .NET 6 version.

Multiple-choice questions

1. According to what you have learned and the practical example in
this chapter, which is the HTTP verb commonly used to create new
records?

a. PUT

b. PATCH
c. GET

d. POST

2. Which method returns a status code of 200 from a Controller
method?

a. View

b. Route

c. Ok

d. Not Found

Answers

1.d
2.¢C

Questions
1. Explain the reason for HTTP verbs in APIs.



2. Using the Customer API demonstrated in this chapter, create a similar
version of the same endpoints using Minimal APIs.

3. Explain in which type of scenarios the Minimal APIs would be
suitable.

4. What is the most common format used in API response?
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CHAPTER 14

Blazor, the Single Page Application of
NET

Introduction

Single Page Application became one of the most popular patterns used to
build modern and high-performance Web applications, traditionally using
JavaScript as the primary language. The .NET platform has introduced its
Single Page Application being possible to develop powerful applications
using C# as the primary language, combined with WebAssembly.

Learning Blazor will allow you to understand how to run C# language
directly in the browser, reuse components, and take advantage of the Razor
syntax used in other Asp.Net Core projects.

This chapter will have a detailed overview of this new Web framework for
NET applications, including aspects of authentication, component
inheritance, forms, and much more.

Structure

In this chapter, we will discuss the following topics:

e Concepts of Single Page Applications

e Difference between Blazor Server and Blazor WebAssembly
e Razor components and data binding

e JavaScript Interop

Objectives

After studying this unit, you should be able to understand the difference
between Blazor Server and Blazor WebAssembly, create basic Web
applications using Blazor WebAssembly, and comprehend concepts of
Single Page Applications.




Concepts of single-page applications

Over the last twenty years, the market for web development has drastically
changed due to the high demand and complexity inherent in enterprise
applications and the number of users that a worldwide application usually
needs to deal with. A standard architecture for a Web application, at the
beginning of the Web, consisted of browser requests to a static content
compound by HTML and images in the response, as represented in Eigure
14.1:

Web page request

U

Figure 14.1: Traditional Web architecture

In this type of Web architecture, once a request is made through a standard
Web browser, the Web server processes the request and returns the entire
Web page as a response, including all the related files: HTML, images,
videos, style, JavaScript files, and others. The exact same process happens
every time the user wants to navigate to another page within the same
website. The majority of the content on the Web page is quite similar:
header, footer, menu, and other content are shared across multiple pages.
This situation is not ideal for performance, as a considerable amount of
networking and bandwidth is used in all the requests, even though the
content between pages is similar.

This model has many disadvantages, such as the high costs of keeping the
server resources, limitations in terms of scalability, lousy user experience,
and high latency for each user request. Due to all these limitations, over the
last 15 years, Web development models have been proposed to give more
efficiency to Web requests, lower to overall costs of worldwide applications
and give users a better experience in terms of velocity and other important
aspects of user experience, when a vital Web application is being used on a



daily basis. One of the more significant proposes to solve these known
problems was the creation of the Single Page Application (SPA) concept,
which means what the name states: an entire Web application would be
developed using a single page, and all the subsequent requests from the user
would not need to be addressed by the server in terms of processing the
entire new page, but only the piece of information required to render in the
Web browser.

Usually, any Web application has a master template that contains all the
content shared across multiple application pages, such as header, footer,
menu, authentication information, and images and other media associated
with the pages. During the user navigation through pages, typically, only the
central part of the page content is mutable, and the rest of the page remains
the same, as demonstrated in Figure 14.2:

Javascript files, CSS files, Images and other medias

Header

Mutable content

Footer




Figure 14.2: Web page structure

In many cases, the mutable content part of the Web page represents only a
small portion of the entire content displayed to the user. Therefore, in an
ideal scenario, when the user navigates across pages, the Web server would
return only the part of the content that effectively needs to be rendered in the
browser, as the user already has the rest of the content rendered: header,
footer, menu, logo, including JavaScript and CSS files. In this context, the
Web server processes the request but returns only the necessary data, not the
entire HTML with associated content, with all the logical parts to render the
HTML constructed on the client side using JavaScript. The most common
pattern used for responses between client and server in standard Single Page
Applications is the JSON format, which represents an object that can be
parsed by JavaScript, C#, and any other modern programming language. If
we compare this new Model with the architecture represented in Figure 14.1,
the request and response patterns will look like as shown in Figure 14.3:

APl Request (JSON object)

L1 |

[ il 7

In the scenario shown in Figure 14.3, the Web server returns only a JSON
object with the necessary data. The entire logic to render the frontend
content is being handled in the front end itself using JavaScript. In cases
where the content has a significant size, this approach represents a
considerable difference in performance compared to the traditional Web
request primarily presented at the beginning of the Web. An entire page was
returned from the server on each request.

API| response (JSON object)

Figure 14.3: Web response based on JSON

In this new Model used by Single Page Applications, a JSON object has only
a few Kbytes in size, and the cost to build the HTML is done in the browser
itself. Therefore, the performance is significantly better. Only the JSON
object is transferred via network and Internet from the server to the client,
giving users a better experience navigating a website.



Over the last 10 years, numerous Web frameworks based on JavaScript have
been built to apply the Single Page Application concepts and give the
developers a vast number of ready components and features to increase the
performance of the Web applications, such as routes, asynchronous server
requests, state management, virtual DOM management, and much more. The
most prominent JavaScript frameworks are Angular, React, and Vue JS.
They became hugely popular among front-end developers worldwide and
were used by millions of professionals. Big companies like Facebook, which
created the React framework, keep some of these frameworks. Like Angular
and Vue JS, technical communities maintain other frameworks as open-
source projects.

All these Web frameworks have a lot of similarities, such as the ability to
create components, manage routes, API calls handler, state management,
Virtual DOM manipulation, the possibility of using TypeScript, and much
more. But the principal characteristic of all of them is that they have
JavaScript as the primary programming language, which helped increase the
popularity of this language on such a scale that we can’t imagine Web
development without anything of JavaScript nowadays. All these
frameworks reached a high level of maturity and became the foundation for
implementing Single Page Applications worldwide.

Since the last versions of the .NET Core platform, Microsoft introduced
Blazor, an alternative for creating Single Page Applications, but using C#
and WebAssembly as an alternative to Web frameworks based on JavaScript.
This new project type is part of the templates available among other Asp.Net
Core projects, such as Razor Pages and Asp.Net MVC. Throughout this
chapter, you will have opportunities to understand how you can use C# to
build Single Page Applications and run C# language directly on the browser,
despite it being traditionally a server-side language.

Difference between Blazor Server and Blazor Web
Assembly

Blazor represents a considerable innovation within the .NET platform as this
new Asp.Net Core project allows us to take advantage of the most modern
features for Web development; at the same time, we can still use legacy
features from other known project types, such as Razor syntax, Asp.Net
Core configurations, dependency injection, model annotations, similarities in




terms of authentication and many other aspects inherited from Asp.Net
Razor and asp.Net MVC projects. Additionally, there is the impressive fact
that Blazor allows us to run C# directly in the browser. Therefore, it is not
required to use JavaScript for Web development with all the possibilities that
Web Assembly gives us to run server-side code directly in the browser,
including C# language, but Rust, C, and other languages.

As its own name states, Web Assembly represents client development in the
browser, while Assembly represents server-side development. In the second
case, a high-level programming language is used, like C#, Java, and others,
and they can convert to instructions that the machine can understand at a low
level, which is assembly itself. Assembly is not easy to understand, and it is
not practical to develop directly using it as the productivity for development
would significantly decrease. Because of that, high-level programming
languages facilitate the development process and serve as middleware
between something a human being can interpret and something a machine
can understand.

WebAssembly represents the assembly for Web browsers, allowing us to run
server-side code within the browser by converting the programming
language commands to something the browser can understand. That is a
revolutionary concept in Web development as a huge amount of code can be
reused and shared between desktop, mobile, and web applications, with the
possibilities of libraries and packages being shared for the development of
multi-platform applications in an easier way.

In terms of project templates for Web development within the .NET
platform, the use of WebAssembly by Blazor represents one of the most
significant innovations introduced in the .NET ecosystem since its creation
20 years ago, as it will allow over the next year to develop a single C#
application that will be deployable and compatible with multiple devices and
platforms in a single code-base, with the same version of the application
being used in Windows desktop, macOS, Android, iOS and much more. For
a while, Blazor for Web development is already stable and ready to be used
in production environments in both ways: Server and Web Assembly.

When opening Visual Studio 2022 and creating a new project, the IDE
shows a list of project templates for Web Development, which includes the
two types of Blazor applications, as shown in Figure 14.4:
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Figure 14.4: Blazor project types

The best way to understand these two project types (Server and
WebAssembly) is by creating the actual projects and analyzing the general
behavior of each application and the project structure. Given that, within
Visual Studio, create a new Blazor application by choosing the option
“Blazor Server” and give it a name as shown in Figure 14.5:

Configure your new project

g|azg r Server App C# Lituz macos Wi d s Claud WWieh

Praject narme
Location

Solution name (3)

[ | . . . .
|i| Place solution and projectin the same directany




Figure 14.5: Blazor Server app name

In the sequence, Visual Studio asks which version of the .NET platform
should be used for the project, authentication type, HTTPS, and Docker
configurations. In the context of the example in this chapter, the .NET 6.0
version is being used, and the HTTPS and Docker options are disabled, as
shown in Figure 14.6:
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Figure 14.6: Final configuration for the Blazor Server application

Once the creation is confirmed in Visual Studio, the project is created in the
selected folder with all the files presented on the default project template for
Blazor Server, and the file structure should look like Figure 14.7:



Solution Explarer

sappadold

o Salution 'Blaz
4 @] BlazorAp

» @ Connected Services
#H Dependencies
alP ties

£ Pages
£ Ehared
_Imports.razar

'.:-'-.IELJEL{ 0 A=l I:I|Ij x3 uoinjosg

[
[
[
b
[i
[
¥

[l appsettingsjson
C# Prograrm.cs

Jauojdxg wiea)

Figure 14.7: File structure for Blazor Server applications

The default template for this type of project brings sample pages and
components, with the concept of Razor components, similar Asp.Net Core
Razor project. Within Blazor, the route configuration for a page is not done
within a Controller like for Asp.Net Core MVC projects, but it can be placed
inside the component itself. Therefore, if the component has the underlying
route directive, it is considered a page and not a component. Blazor Server
also uses the known concept of the Layout page used in Asp.Net Razor and
MVC projects, allowing us to share common structures for multiple pages.
Considering the similarities between Blazor Server and other legacy Asp.Net
Core projects, it is possible to speed up the learning process and adaptation
of the other projects to Blazor, as it uses Razor syntax within the
components and pages, and it is based on C# language as well.

If you run the project on Visual Studio, the Web application will start up
with three pages: Home, Counter, and Fetch Data, as shown in Figure 14.8:
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Figure 14.8: Default project template for Blazor Server

The entire implementation using C# within this type of project runs in the
server, with the components in the browser being updated using SignalR via
WebSockets. SignalR is a technology developed by Microsoft that allows
real-time communications between the client and server, keeping the
communication constantly open throughout the WebSocket protocol. That is
different from a standard HTTP request lifecycle when the client and server
do not keep the channels alive during the communication. The established
connection ends once the server completes the response when a certain
request is made. Therefore, the User Interface updates in the Blazor Server
project happen through communication between the client and server via
SignalR, as demonstrated in Figure 14.9:
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Figure 14.9: SignalR communication

In this context, when a user performs any action on the screen that would
require interface changes as a response from the backend, the request is
processed by the underlying Blazor component in the backend, and the
response is synced back to the browser via SignalR using the WebSocket
protocol. Suppose you navigate to the Counter page with the application
running and inspect the Console in the browser. In that case, a Websocket
message is displayed with the details of the constant connection that is
established between the client and the server, as shown in Figure 14.10:
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Figure 14.10: Browser console messages for SignalR

When using Blazor server applications, each browser tab open represents a
new connection opened in terms of SignalR, which means that it represents
the use of extra resources from the server. In terms of positive and negative
points of Blazor Server applications, if compared to other traditional
Asp.Net Core applications such as Asp.Net MVC and Asp.Net Razor, the
fact that WebSocket connection is a high-performance protocol is one of the
main advantages. However, servers usually have limitations regarding how
many simultaneous WebSocket connections can be kept open, which may
vary according to the hosting provider. In most cases, the limitation is
around 3000 connections for applications hosted in Internet Information
Services (IIS). There is more flexibility if cloud resources such as Azure
SignalR are being used to scale and handle a more intense workload.
Therefore, the connection limitation factor must be considered when a



Blazor Server app is being developed to determine if the server
configuration supports the demand for needed connections. In other words,
the use of SignalR by Blazor Server apps represents both the strength and
weakness of this type of project, depending on the scenario applied in
production environments for real systems.

Once you can understand the main characteristics of Blazor Server
applications, it is suitable to understand the fundamental differences
compared to Blazor WebAssembly projects. The best way to see those
differences is to create a new Blazor application within Visual Studio.
Therefore, in the project creation dialog, choose the option Blazor
WeAssembly App, as shown in Figure 14.11:

Figure 14.11: Blazor WebAssembly App

After giving the project a name, uncheck the “Asp.Net Core hosted” option
and choose the most suitable .NET version on the Additional Information
dialog. For this chapter, the .NET 6.0 version is being used, as shown in
Figure 14.12:
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Figure 14.12: Additional Information for Blazor WebAssembly App

The folders and file structure within the Solution for the Blazor
WebAssembly app looks familiar to the Blazor Server version. However, the
behavior of this type of application is entirely different. The first change is
the presence of the App Razor component, as highlighted in Figure 14.13:
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Figure 14.13: App Razor component

This file contains the global configuration for all the child Razor
components rendered in the Blazor application responsible for determining
the main layout component that will be the component base for others in
terms of design and user interface. Additionally, this main component is the
right place to specify authentication aspects demonstrated further in this
chapter. By opening the App Razor component that exists in the default
template for this type of project, it is possible to find as well pre-configured
error handling for request failures in line number six of Figure 14.14:
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Figure 14.14: App Razor component details

The component configuration for Blazor components follows similar
patterns found in other frameworks, such as Angular, React, and Vue JS.
These frameworks are based on Web components and allow the relationship
between parent and child components as a tree of nested components. It is
possible to pass data across multiple instances and levels of the Blazor
application, even in more complex scenarios where child components need
to update parent components.

After running the application using Visual Studio, at first, there is the
impression that this application is identical to the Blazor Serve application
demonstrated in this section. However, if you open the Inspection option in
your browser, open the Source tab, and refresh the page, you will realize that
the application downloaded the blazor.webassembly.js file for the
application, as shown in Figure 14.15:
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Figure 14.15: Blazor WebAssembly JS file

This file contains instructions to allow interoperability between JavaScript
and WebAssembly and has all the necessary routines for the application to
behave as a Single Page Application. Additionally, the browser downloads a
wasm file, which contains all the instructions required for the application to
run, even the components are using Razor and C# and not JavaScript per se,
as shown in Figure 14.16:



v [ top (moxchu le

" (func $a.a (;@;) (import "a” "a"))
v & localhost:5227 (func $a.b (;13;) {import "a" "b")
v B _framework (func $a.c (32;) (import "a" "c")
asprietcore-browser-refresh.js E;:j;: ggg E’i’i Emﬁzjt g S;

. (= 355 .
blazor-hotreload.js (func $a.f (;5:) (import "a* "f")
blazor.webassemblyjs (func $a.g (36;) (import "a” "g")
N A O RIAAC A | (func $a.h (:;7;) (import "a" "h")
dotnet.6.0.0.b2ji845ery js (func $a.i (:83) (import “a* i)
* BN css {func $a.37 (;9;) (import "a” "3")
> e (func $a.k (;18;) (import "a" "k")
- {func $a.1 (3;11;) (import "a" "1"}
i (index) {(func $a.m (;12; } (import "a" "m")
. BlazorApp2 styles.css (func $a.n (;13;) (import :'a" "n")
» & localhost:50334 e snun SIS LN
. . {func $a.p (:15;) (import "a" "p")
'C}HTDHD'“"aSmJn"."alld E-Fun( $a_q {_-,3.(:,) (lllile‘-: "',_:|“' "q"}
v Y wasm (func $a.r (;17;) (import "a" "r")
00945abe (func $a.s (:18;) (import "a" "s")
g (func $a.t (:19:) (import "a" "t")

Figure 14.16: Wasm file

Wasm is an acronym for WebAssembly. It is a type of file that all modern
Web browsers can interpret. The support for WebAssembly is a convention
defined by the companies and entities that take part in the W3C
organization, which drives the patterns and standards used for the Web in
general. As shown in Figure 14.16 previously, developers cannot read the
WebAssembly code. It contains low-level instructions that the browser can
interpret and is high-performance, even though it is possible to develop
directly in WebAssembly without a middleware framework like Blazor.
However, this task would represent a huge challenge and be costly for any
project.

One of the advantages of using Blazor WebAssembly is the fact that
developers can take advantage of all the power present on WebAssembly,
without having to know how to write this type of code as it is possible to still
develop in C#, and Blazor will take care of generating the wasm files
automatically during the build process.

To evaluate the main differences, advantages, and disadvantages of each of
the Blazor apps (Server versus WebAsembly), it is essential to highlight that
all the factors present in this chapter may vary based on the context the
application is being developed, including functional and non-functional
requirements, number of users or workload, infrastructure where the
application is deployed, among other essential points.



Given that the Blazor Server has positive characteristics, such as the
following:

e The entire process run by the C# language happens in the server;
therefore, there is no need for the browser to download any sensitive
logic that is encapsulated in the server-side code, representing a good
point in terms of security.

e As the app runs on the server, it is easier to access other backend
services, such as databases and files, as they can be accessed via an
internal network in the server without exposure to an external API.

e The structure of the project is reasonably similar to Asp.Net Razor
pages. Therefore, migration to Blazor Server for legacy projects would
not represent a huge challenge in most cases. Additionally, the learning
curve is significant for development teams with previous experience
with other Asp.Net Core projects.

e In cases where a relevant number of potential users have a non-updated
Web browser version, it would not have any compatibility issues as
WebAssembly is not being used.

In terms of negative points in specific scenarios, Blazor Server contains the
following aspects:

o The fact that Blazor Server uses SignalR to sync UI updates from the
server can represent a challenge in terms of scalability. Each page by a
user keeps the WebSocket connection open with the server, which
could be costly to maintain.

e UI updates may have instability as it depends on the latency of the
connection between the client and the server via SignalR.

As we walked through the pros and cons of Blazor Server, it is vital to
highlight that all these factors and aspects may vary depending on the
application's development scenario, such as functional and non-functional
requirements.

The Blazor WebAssembly also has advantages and disadvantages compared
to Blazor Server or other Asp.Net Core projects. In summary, the pros and
cons are quite the opposite of Blazor Server, but with the following
highlights in terms of positive points:



e [t is scalable as a huge amount of the process runs in the Web browser,
relieving the server of resources.

» As this type of project is a Single Page Application, it can be hosted on
a less expensive server once the Web browser downloads all the
necessary files and runs them on the client side.

* Because the application runs on the client side, there are no latency
Costs.

e WebAssembly per se is a high-performance technology.
e [t can run offline using the Progressive Web Apps mode.

In terms of negative points, Blazor WebAssembly may present the following
factors:

e The first download of the application may be more costly than other
Single Page Applications like Angular, React, and Vue JS.

e All modern browsers fully support WebAssembly. However, many
users may still use a non-updated browser version, therefore
incompatible with this technology.

e As it does not run on the server, all the communication backend
services must be done through APIs. Sensitive data cannot be part of
the application code, as reverse engineering can take this information.

Razor components and data binding

One of the most iconic characteristics of any Single Page Application
framework is the easy way to create reusable Web components. Blazor does
not get behind on that point as it allows us the creation Ul components using
Razor.

Usually, a Web component contains HTML, CSS, and the logical code to
handle the component renders, event handler, state management, and
component lifecycle. The logical code is expressed in C# and Razor within a
Blazor component, and interoperability with JavaScript is possible, allowing
developers to integrate Blazor WebAssembly with a broader range of
libraries.

To create your first Blazor component, create a new Blazor WebAssembly
project within Visual Studio and, in the Solution Explorer, right click on the



Shared folder, and choose the option Add and Razor Component, as shown
in Figure 14.17:
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Figure 14.17: Razor component creation

For example purposes, the component's name in this section is
“MyFirstComponent.” After creating, the component contains a code section
where all the logical implementations using C# can be placed. Additionally,
in the rest of the components, it is possible to specify route configuration,
parameters, HTML, CSS, and Razor statements to handle the component
state.

To verify that your component is working as expected, go to the
Index.razor file under the Pages folder, and create an instance of the new
component, as shown in Figure 14.18:
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Figure 14.18: Razor component reference

As shown on line number five in Figure 14.18, the component is referenced
following the exact same name as the name of the Razor file created for the
same component. The syntax is quite similar to the one used by other Singla
Page Application frameworks based on JavaScript, allowing an excellent
adaptation for developers who have experience with Web frameworks other
than Blazor.

Additionally, Blazor allows us to work with one-way and two-way data
binding. In the first case, the UI is rendered respecting the value in the
underlying Model, which can be a property of the component passed by a
parent component or an internal variable within the component. Using our
“MyFirstComponent” creates a local variable giving any assignment and
specifies the variable in the HTML using Razor, as shown in Figure 14.19:

MyFirstCamponentrazor & X

l[ <h3 [Elcnmponent"l‘i{:le- h3=>

ring componentTitle = "My

First Component";

Figure 14.19: One-way data binding

In this case, once the component loads, the component renders the content
presented in the “componentTitle” variable within the HTML part of the
component. Therefore, the Model has a direct effect on the UI. If you run the
application, you will get the result as presented in Figure 14.20:
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Figure 14.20: Component render with one-way data binding

On the other hand, there is the two-way data binding mode for Razor
components, which means that the Model affects the UI, but the UI can also
affect the Model state. This is particularly useful when the application needs
to have Forms or any other type of construction that allows the user to input
data of some kind.

To test and verify how the two-way data binding works within the same
component, create a text field specifying the “componentTitle” variable as
the bind associated with the component, as shown in Eigure 14.21:

Component title: input va mponentTitle"
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roid UpdateValue()

StateHasChanged():

Figure 14.21: Two-way data binding

The input text field has an “onchange” event associated, which triggers the
UI update once any content is typed into the text field and the cursor changes



the focus to another point on the screen. Like what happened with JavaScript
events associated with HTML controls, Blazor contains an extensive list to
trigger many events to manipulate the component's state and give the
application a rich user experience. As shown in Figure 14.21 on line nine,
the local variable “componentTitle” was changed to private property in this
component's context. After running the application and typing any content
under the input text, the component title under the tag “<h3>” automatically
changes, as shown in Figure 14.22:
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Figure 14.22: Two-way data binding update

Additionally, the state of the component can change based on component
parameters passed from parent to child components, which is quite related to
the one-way and two-way data binding approach, with the only difference
that the state is being changed by something external to the component itself,
as the content for the component properties is passed by the parent
component. To adapt our “MyFirstComponent” to use component
parameters, change the “componentTitle” variable to be an actual property
with “get/set,” specify the “Parameter” annotation, and update the
Index.razor page to pass the component title, as shown in Figure 14.23:
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Figure 14.23: Component parameter

In this example, the “ComponentTitle” was changed to a capital letter to
follow a more conventional syntax for parameters, and the references to this
property were updated on the HTML. Furthermore, the input text was
removed to understand the example better. The Index.razor page that has a
reference to the “ComponentTitle” component was also changed to pass the
title, as shown in Figure 14.24:

="Component Title via Parameter"

Figure 14.24: Parameter on Index.razor

Component parameters can receive simple information as a string or even
complex objects, and it is possible to configure which parameters are
mandatory or not. Rerunning the same application after the changes, you
will get the following result, as presented in Figure 14.25:
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Figure 14.25: Component title via parameter

Component parameters are helpful to increase the reusability of components
as the state becomes flexible with the data being passed from a parent
component to a child component. In more complex cases, it is possible to
update a parent component's state from a child, propagating the changes
across the tree of components. However, good practices in terms of
simplicity are extremely recommended regarding dependency and coupling
between components because whatever is done directly affects reusability,
testability, and maintainability.

JavaScript Interop

Even though Blazor is based on C# and Razor, it is a fact that frameworks
based on JavaScript are much more popular. Therefore, a much wider range
of libraries is available, maintained by private companies, or even kept as
open-source projects. Given that, it is reasonable to think that enterprise
Blazor applications in real scenarios must integrate with JavaScript.

Blazor allows us to inject a service that implements the [JSRuntime interface
to establish communication between C# and JavaScript. The implementation
presents two main methods that can be used to call JavaScript functions from
C#: InvokeAsync and InvokeVoidAsync. These two methods can be used



to call predefined JavaScript functions and execute any JavaScript code
standalone, such as alerts, console logs, and any other JavaScript feature.

To verify how the interoperability works within the previous Blazor
WebAssembly project, create under the Shared folder a Razor component
called “JavaScriptExample.razor” and specify the code as shown in Figure
14.26:
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Figure 14.26: JavaScript Interop example

As you can see in the first line of the component, an object that implements
the IJSRuntime interface is being injected. The JSTestClick method invokes
a JavasScript alert passing the message “Blazor Interoperability.” C#
language does not have features to trigger alerts and other browser
interactions. Instead, it needs to use JavaScript to perform these operations.
In the Index.razor page, create a reference to the new component, as shown
in Figure 14.27:

Index.razar & X

@page i ){!I

Figure 14.27: JavaScriptExample component reference

After running the application and clicking on the JSTest button, you should
be able to see the alert working, as shown in Figure 14.28:
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Figure 14.28: Component title via parameter

The same interoperability can be used to call any custom JavaScript
functions the application needs to run. The underlying JavaScript file is
referenced under the wwwroot/index.html file, including traditional
JavaScript libraries for Maps, Charts, and others. Additionally, within the C#
function, it is possible to pass parameters to a JavaScript function using C#
objects. It is also possible to receive a response from JavaScript to serialize
that with compatible object types in C#.

Conclusion

In this chapter, you had a brief overview of Blazor, the difference between
the Server and WebAssembly project types, and you could understand the
fundamental concepts of Single Page Applications.

Blazor represents a robust Web framework that allows us to create reusable
components using Razor syntax and C# language, and at the same time, it
gives us the possibility of running C# directly on the Web browser via
WebAssembly, which represents one of the most significant innovations in
.NET since its creation 20 years ago.

In the next chapter, you will have the opportunity to learn about desktop,
console, and mobile applications. NET.

Points to remember

e There are pros and cons in terms of Blazor project types.



e Blazor Server uses SignalR to facilitate communication between the
client and server for UI updates.

e Blazor WebAssembly represents a Single Page Application like
Angular, React, and VueJS. However, it is based on C# and not on
JavaScript.

e It is possible to establish interoperability between C# and JavaScript in
Blazor WebAssembly projects.

Multiple-choice questions

1. Which alternative does not represent a positive point of Blazor
Server?
a. No browser compatibility issues
b. Easy integration with backend services, like databases

c. The high learning curve for developers with experience with
Razor pages

d. UI updates via SignalR

2. Which alternative represents a negative point for Blazor
WebAssembly projects?

a. It runs entirely on the client-side
b. Scalability

c. Risk for sensitive configuration data, such as connectionstrings
and tokens

d. None of the above

Answers

1.d
2.¢C

Questions

1. Explain the main characteristics of Single Page Applications.



2. Using what you have learned, create a new Blazor WebAssembly
project, calling your JavaScript function within a component.

3. In which cases or scenarios the Blazor Server would be suitable?
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CHAPTER 15

Desktop, Console, and Mobile
Applications

Introduction

One of the main characteristics of the .NET platform since the .NET Core
1.0 version is the fact that the entire platform moved to be multi-platform
compatible, allowing developers to create applications that would be able to
run on multiple devices, operating systems, and platforms without so much
relevant code change, using only C# language. It includes the development
of Desktop, Console, and Mobile applications using the .NET platform.

Learning what the .NET platform supports for native C# applications for
Desktop and Mobile will allow you to make proper technical decisions for
projects that would be more suitable to run, not only for the Web but also for
personal computers, cell phones, and other devices as well, giving you a
broader vision of the .NET capabilities for enterprise applications
development.

This chapter will cover the most relevant project types in .NET that
represent an alternative to Web and Cloud development, focused on
Desktop, Console, and Mobile development and theoretical concepts.

Structure

In this chapter, we will discuss the following topics:

e Native application development
e Mobile development
e Console applications

Objectives



After studying this unit, you will understand what can be done in .NET and
C# in terms of Desktop development and create basic Console Applications
using C#. You will learn how to make technical decisions based on the
project types available for Desktop and Mobile development. You will also
gain essential knowledge on Mobile development within the .NET
platform15.1 Desktop applications evolution.

Native application development

Despite the rapid rise of the Internet over the last 20 years, applications that
are not web-based are still quite common for enterprise applications. Many
developers globally are still doing software development for Desktop
applications. Long-running tasks, complex ERPs, and applications that
require a more rich interaction with the user’s personal computer are the
main reasons why Desktop development is still popular and, we can say,
extremely necessary in many scenarios.

For that reason, Microsoft, other companies, and open-source project
organizations continued to provide relevant updates to the .NET platform
and C# to support the most important demands from the market, such as
multi-platform development for Linux, Windows, and macOS, and the
introduction of new features that would be compatible with the most modern
devices.

Web development allows us to create rich applications for sure. Still, they
are restricted to the Web browser capabilities and the security concerns
established for this kind of application. Desktop development contains many
benefits for specific scenarios such as:

» Integration with more complex features, such as Bluetooth, USB, and
others

o Better use of the operating system and CPU capabilities in the client

e More stability as it does not necessarily depend on the Internet or
networking connection for certain operations

[t is much more mature in terms of software development practices, as
Desktop applications have been in the market much longer than web
applications



The .NET platform adapted itself over the years to meet the market demands
for Desktop applications, starting with Win32 based application in late 1995,
passing through Windows Forms technology from 2002, and a little
modernization beginning in 2006 with Windows Presentation Foundation
(WPF) and finally with Universal Windows Platform (UWP) since 2016.

Windows Forms

Windows Forms represented a considerable accomplishment within the
NET platform around 2002. It was combined with excellent features within
Visual Studio that allowed the developers to drag and drop visual
components into the screen, with an incredible amount of ready components
in the Toolbox to choose from. The high-quality usability of Visual Studio
helped Windows Forms to become hugely popular. Within a couple of years,
the market already had millions of applications being developed by small,
medium, and large companies, representing huge market participation
compared to more traditional frameworks, such as Java and C++.

Despite other options available within the .NET platform, Windows Forms
was still supported for updates, including .NET Core, .NET 5, and .NET 6
versions. To create a Windows Forms project, go to Visual Studio and
choose the option Windows Form in the Project Creation dialogue, as shown
in Figure 15.1:

Create a new project
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Figure 15.1: Windows form project creation dialog

After giving the project a name, choose the .NET version to create your
Windows Form project. In the context of this section, this book uses the
.NET 6.0 version, as shown in Figure 15.2:
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Figure 15.2: .NET version for Windows Form

The .NET platform supports creating Windows Forms applications using
Vb.NET and not only in C#. As the C# language will have support and new
features from .NET 7 and not Vb.NET, C# was chosen as the primary
language for all the examples in this book.

If any of the project templates shown in this chapter are not available in your
Visual Studio, make sure you have the following workloads installed along
with it:
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Figure 15.3: Workloads for Windows Forms

After confirming the creation of the Windows Forms project, Visual Studio
shows a Design mode with a default form where new components can be
added from the Toolbox in Visual Studio, as shown in Figure 15.4:



Figure 15.4: Default Windows Form Design Mode

Visual Studio contains a huge list of Windows Forms components that speed
up the development of this type of application. To use any component, you
need to drag and drop the element in the main form, as shown in Figure
15.5:
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Figure 15.5: Windows Forms components

Each component has common properties and specific ones particular to the
component type. Select a particular component on the screen, for instance,
the button component on the left sidebar on Visual Studio. You should be
able to see the underlying properties of the component, as shown in Figure
15.6:
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Figure 15.6: Button component properties

Each component has relevant properties to change the design, behavior, data
associated with it, and layout. The quantity and type of properties vary



according to the component type, but generally, the properties have similar
categories. It is recommended that you modify properties for the button or
textbox to test the result of each change and the meaning of most of the
properties. For example, if you change the background of the button in the
properties dialogue, the Design screen automatically reflects the change, as
shown in Figure 15.7:

Figure 15.7: Button background

After running the planning in Visual Studio, the Windows Forms application
will launch, and the design of the application will be identical to the one
presented in Visual Studio, as shown in Figure 15.8:




Figure 15.8: Windows Forms application running

The compatibility between what is seen in Visual Studio and the actual final
result of the application while it is running is one of the things that made
Windows Forms so popular, as the result is predictable in terms of design.
Compared to Web development, where there are multiple resolutions, web
browsers, devices, and other factors that may affect the layout of the pages,
there are not many factors that affect the presentation of a Windows Form
application in general, making it easier to develop.

However, some factors make developing Windows Forms applications
difficult, such as installation, deployment, software updates, compatibility
with Linux and macOS, and other factors. The fact that this application is
primarily Windows based and requires installation in the user’s machine
makes the release process a huge challenge in most cases involving a wider
range of users and machines.

Additionally, Windows Forms is compatible with almost all the existing
libraries in the .NET platform. Therefore, you can take advantage of the
Entity Framework and other packages that will allow you to develop an
entire enterprise application, connect the application to one or multiple
databases, establish integration with other systems, and much more.

Windows Presentation Foundation (WPF)

Windows Presentation Foundation (WPF) represented a new generation
of frameworks for Desktop development available since 2006, and it was
considered a modernization of Windows Forms applications. This new
framework is based on XAML as a markup language, allowing the
separation of concerns between the user interface and the logical/business
implementation, with a similar concept that frameworks for Mobile
development have practised. With XAML, it is possible to define styling,
rendering data, and defining templates used by multiple screens in the
application.

WPF has been used in the market for about 15 years. This type of project
became quite mature in terms of features and stability, supported by .NET
Core 3.0, .NET 5, and .NET 6, and will be for .NET 7.

As the design process is based on XAML, the adaptation from Windows
Forms developers may take a little time in most cases, mainly for complex



applications. However, there is a way to build the screen in Design Mode
within Visual Studio, like Windows Forms.

Windows Presentation Foundation allows the developer to build powerful
applications combining 2D and 3D graphics, providing a rich experience for
the user. It renders faster than the Windows Forms application, representing
an evolution of Desktop development within the .NET platform. As it is
based on XAML, it has many possibilities for customization for UI, even
though the entire customization needs to be done by writing the XAML code
from scratch.

To test this kind of project and verify by yourself how it works, open Visual
Studio, and within the “Create a New Project” dialog, search for WPF, as
shown in Figure 15.9:
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Figure 15.9: Windows Presentation Foundation project



e You can choose C# and Visual Basic as the primary language for the
project; however, Microsoft has announced that no new features will be
added to Visual Basic in feature .NET updates.

After choosing the first project type, give the project a name, and on the next
screen, select the .NET version you want to use. For the examples of this
chapter, the .NET 6.0 version is used, as shown in Figure 15.10:
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.NET 6.0 (Long-term support)

Figure 15.10: .NET 6,0 for WPF

After confirming the project creation, the default configuration in Visual
Studio shows the Toolbox of components in the left sidebar, the Design
representation in the middle, and the underlying XAML code for the Design
at the bottom, as shown in Figure 15.11:
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Figure 15.11: Visual Studio for WPF

The usability of Visual Studio for the developer is quite similar to the
experience of Windows Forms development. However, WPF gives us much
more control over the application's design and custom implementation.

After dragging and dropping any component, like a TextBox, the properties
for the component can be seen by clicking on the icon at the top of the
component, as shown in Figure 15.12:
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Figure 15.12: Properties for WPF components

It is recommended to include more components to test, such as buttons,
tables, combobox, checkbox, and other controls, and check all kinds of
properties that exist for each component with more details. After including a
button and changing the background, text, and size the code looks like the
one shown in Figure 15.13:
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Figure 15.13: XAML code

Similar to Web development with HTML, XAML keeps a hierarchical
structure for all the visual elements for a WPF screen. As you can see in
Figure 15.13, the main tag is called “Windows,” and all the other elements
are placed within this tag, such as TextBox and Button.

Regarding the individual components, the properties are pretty friendly to
understand as they are similar to HTML properties as well, at least in the
logic behind them. There are two options to change the properties: in visual
Design mode or the XAML. Preferably, most WPF developers tend to
manipulate any aspect of design directly on XAML as the Design mode is
quite limited and may also affect productivity. Once a developer becomes



familiar with XAML, simple new screens can be quickly developed in
minutes.

Each XAML file or WPF screen has the equivalent C# file code associated
with it, as shown in Figure 15.14:

3 Solution 'WpfApp1' (1 of 1 project)
4 [ WpfAppl

b &0 Dependencies

[ _J::] P-.pp.::-::arr'ul

c# Assemblylnfo.cs
A= TS L
4 [ MainWindow.sxaml

c# MainWindow.xaml.cs

Figure 15.14: C# file for XAML

The C# file handles the logical implementation for the WPF screen, such as
button-clicking, retrieving data from the database, calling an external API,
validating data, and other operations. In Visual mode, double click on the
button, and after that, you should be able to see that a Button_click method
is generated in the C# file for the WPF screen, as shown in Figure 15.15:
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Figure 15.15: C# file for XAML

The experience for WPF development is quite similar to Windows Forms in
most cases, but WPF has support for all Windows versions and seems to get
a huge market compared to Windows Forms over the last 15 years.
Additionally, some critical applications built by Microsoft are made in WPF,
such as Visual Studio and others, which is a clear indication of huge
investments in this technology and a clear case of high performance for
complex enterprise applications.

Universal Windows Platform (UWP)

Universal Windows Platform (UWP) is the most modern generation for
Desktop development within the .NET platform, which the first version was
launched in 2016. This new technology also can use XAML to build the




layout. Still, it is adapted to a broader range of inputs and system operating
systems that the previous frameworks do not present.

This new framework for Desktop development is only compatible with
Windows 10 or later versions and is part of the Windows Runtime API by
default. UWP is part of the Windows operating system itself. It receives
constant updates throughout Nuget package updates and contains many
additional built-in controls for development and design.

Furthermore, UWP applications follow good practices in terms of security
and compliance for desktop development as it requires user authorization to
access data and device resources from the user’s machine.

There are many ways of developing UWP applications. It is possible to use
C#, C++, Visual Basic, and JavaScript, including HTML, WinUI, XAML,
and DirectX, for development, despite XAML being the most used markup
language for this kind of application. Therefore, UWP is more flexible
compared to Windows Forms and WPF applications.

UWP was built to have complete integration with Windows 10 and greater
versions, giving developers more operating system features. Still, it restricts
the number of platforms the application can use as it is not compatible with
Windows 8 or any other version before Windows 10. The integration with
Windows 10 allows us to publish the application on the Windows Store to
monetize your application.

To develop Universal Windows Platform applications using Visual Studio,
make sure you have the underlying workload installed, as highlighted in
Figure 15.16:
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Figure 15.16: Universal Windows Platform workload

To create your first UWP application, go to Visual Studio and choose the
underlying project template in the dialog box. Depending on your Visual
Studio installation, even if you already have the UWP workload, the project
template list may warn you to install extra packages. They are two principal
project templates for UWP: one based on C# language and one based on
Visual Basic. For the examples in this chapter, the C# version of the template
is being used, and the project template creation looks like Figure 15.17:
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Figure 15.17: Universal Windows Platform project template

During the creation of the project, Visual Studio asks which range of
Windows versions the app will have support, as shown in Figure 15.18:

Mewy Windows Project p g
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Figure 15.18: Windows version support for UWP

Therefore, you can choose specific Windows versions. For the examples in
this chapter, the support is from Windows 10, version 1809, to Windows 10,
version 2004, but you can choose whatever suits your case. Additionally,
when the project is created, Visual Studio automatically opens the Privacy
and Security settings for Windows, as the local development of UWP
applications requires to have the Developer Mode enabled, as shown in
Figure 15.19:
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Figure 15.19: Developer Mode for UWP

The default project template contains the main XAML file with no layout
specification. Once you run the application, Visual Studio shortcuts are
shown on the top of the application to facilitate the development, such as
opening the XAML file by selecting a specific element on the screen,
tracking focused elements, building failure status, and much more, as shown
in Figure 15.20:
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Figure 15.20: Visual Studio shortcuts for UWP

As it is possible to use XAML to build the layout of the application, Visual
Studio has similar features compared to the WPF development in terms of
Ul experience within Visual Studio, allowing the developers to use the
Design Mode and adapt the properties of any element in the screen, as
shown in Figure 15.21:
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Figure 15.21: UWP Design Mode

As Universal Windows Platform applications have access to a broader range
of Windows APIs from the user’s machine, this kind of application follows a
stricter flow in terms of security and privacy than other types of Desktop
projects within the .NET platform. It is mandatory to specify a Manifest
explicitly pointing out which features of the machine must be installed and
run. The same concept is usually applied to mobile development for Android
and iOS when applications ask permission from the user to access GPS,
Camera, and other features. In the context of UWP applications, if you open
the Manifest file presented in the project solution, you will be able to see
that there is a Capabilities tab where it is mandatory to specify which
features are required from the users that will be installing the application, as
shown in Figure 15.22:
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Figure 15.22: UWP Capabilities requirement

This flow for installation is expected for any modern application due to
security, privacy, and other legal and ethical concerns. Additionally, a
detailed manifest helps publish the application in the Windows Store to
adequately meet a relevant part of the requirements before allowing users to
download and install the application on their machines.

Mobile development

Software development for mobile devices has always represented a
considerable challenge in software engineering as there are many types of
devices and operating systems, such as Android distributions, iOS, and other
platforms. Each device may have its specification, screen resolution,
limitations, security restrictions, and obligations in terms of user interface
that must be followed for a particular operating system.




In this scenario, multiple programming languages and frameworks can be
used to develop mobile applications, such as Java, Objective C, Swift,
Flutter, and Ionic, for hybrid applications and much more. It is expensive for
any company to keep multiple development teams working on different
projects for a different mobile application version for each operating system
that only allows a specific programming language.

Given that, there is a relevant problem that software companies, in general,
have tried to solve regularly for years, which is related to the attempt to
build a single mobile application that can be released to multiple different
devices, mainly for Android and iOS devices, including the possibility of
using an only one programming language as well. The challenges in terms of
compatibility are enormous. Over the years, the puzzle became much more
complicated as mobile applications involve cell phones and smart glasses,
smart TVs, watches, and many other devices.

The .NET platform has a solid answer for these problems throughout the
Xamarin platform, a mature framework for cross-platform mobile
development, which gives us the possibility of developing applications for
Android and iOS using C# language, and the framework itself takes care of
binding the compatible version for the various operating systems.

To start with Xamarin development, you must have the underlying workload
installed in Visual Studio with the Mobile option development with .NET, as
shown in Figure 15.23:
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Figure 15.23: Mobile development workload

Xamarin became a robust framework for multi-platform development over
the years, allowing applications for cell phones based on Android and iOS
operating systems and the development of applications for smartwatches,
TVs, and many other devices.



When creating projects from scratch using Visual Studio, it is possible to
choose project templates for a specific operating system, certain device
types, or a more generic Xamarin project template that would support multi-
platform development and deployment, as shown in Figure 15.24:
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Figure 15.24: Mobile development workload

To create your first Xamarin App, choose the option Xamarin.Forms,
highlighted in Figure 15.25:

tamarin and Xamarin.Forms,




Figure 15.25: Mobile App Xamarin Forms

After giving the project a name, Visual Studio asks what type of template
Xamarin.Forms should apply to the project. There are three main options:
Flyout, Tabbed, and Blank. In the context of the examples of this book, the
Flyout is being applied. Additionally, there is a possibility to choose which
platforms the new app will have support: Android, iOS, and UWP. Choose
the option Android and iOS, as shown in Figure 15.26:
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Figure 15.26: New Mobile App Configuration

After creating the application, the Solution Explorer in Visual Studio shows
the files and folder structure for the application, consisting of different
projects for Android and iOS and one general App project that contains the
code usually shared across the two other projects.

Note: This section aims to show you the types of projects available to
create mobile applications within the .NET platform, exploring the



most high-level details of each option. However, we recommend you
check the official Xamarin documentation on the underlying Microsoft
website for more detailed information, as this framework is constantly
changing and evolving.

The Solution Explorer should look like the representation in Figure 15.27:
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Figure 15.27: Solution Explorer for Xamarin.Forms

This separation of concerns based on the platform is important to manage
each platform's custom implementation, including distinct layout definitions
and much more. The layout definition is based on XAML, already shown in
this chapter. Therefore, if you are familiar with XAML, you can seep up on
developing WPF, UWP, and Xamarin applications.

To emulate the application on mobile devices, you can use the default
Android emulator presented on Visual Studio, install new emulators, or even
run it directly on your phone plugged into the PC. You can choose an
emulator, as shown in Figure 15.28:
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Figure 15.28: Android emulator

In the context of this chapter, the Nexus 5X emulator is being used with
Android 10.0. Furthermore, for both Android and iOS development, they
share the same way of building layouts using XAML, and both of them use
C# language for logical and business implementation, as shown in Figure
15.29:
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Figure 15.29: Xamarin files for layout and logic



C# and XAML in multi-platform development represent a considerable
advantage. There is no need to learn multiple languages, such as Java,
Objective C, and others, to build applications for different operating systems
and many device options. The Xamarin framework makes the underlying
deployable app for each platform. It is becoming more mature regarding
compatibility and adaptability for native Android and iOS application
development.

Console applications

Console applications in the .NET platform represent a popular option for
those learning the C# language. It does not require building interfaces. It is
not obligated to set up any extra configuration just to run the application in
the default project template.

Console applications represent an excellent option in specific scenarios
where there is no need for a robust User Interface or even cases where there
is no need for user interaction with the application. It is the simplest project
type of the .NET platform.

To create your first Console App, go to Visual Studio and choose the
underlying project template target to C# language, as shown in Figure 15.30:
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Figure 15.30: Console App project template



The Visual Studio also contains the same template for other programming
languages within the .NET platform, such as Visual Basic and F#. However,
C# is the programming language chosen for the example of this chapter.

After confirming the application's creation, you will see the file structure in
the Solution Explorer and realize that the application primarily has a single
file called Program.cs. With Visual Studio 2022 and C# 10, the Console
App is simplified compared to previous versions. There is no default method
in the Program.cs file and default namespace references. You can start
coding your application directly and run it, similar to what happens with
Python and script languages, as shown in Figure 15.31:

‘Cn::n-z.n:n'LE.NritELine(“HE'l_'Lc', this is my first Console .-'-‘l.m:n!”);

Figure 15.31: Console app

If you run the application, a default black screen application will be started,
and the message will be printed in the console, as shown in Figure 15.32:

B B Colsers\Alexandre MalavasitsourcetreposiConsolefppTibintDebuginet6. A Consalefpp.exe

Hello, this is my first Console App!

Figure 15.32: Console app running

Console Apps are usually used to run Jobs, including cases where there is a
need for running background tasks on servers. Additionally, this type of
project is suitable for C# learners. You can create classes, interact with the
database, use any library available in the .NET framework and see the
underlying output.

Conclusion




In this chapter, you had an overview of the most relevant project types
within the .NET platform for Desktop and Mobile development,
understanding the difference between all the generations of project types for
Desktop applications and the options for Mobile development.

The .NET platform constantly modernizes all the available project types
after each annual version. The development of Desktop and Mobile
applications in .NET and C# followed the most significant trends in the
market over the years, adapting the platform to allow the deployment of fast
and robust enterprise applications that represent an alternative to mobile
development in many scenarios.

In the next chapter, you will have the opportunity to learn the most
significant features in .NET for cloud development combined with Azure
resources.

Points to remember

Windows Forms and most project types for Desktop applications in
.NET are not compatible with Linux and macOS.

Windows Forms is the precursor of all the frameworks for desktop
development within the .NET platform.

.NET Core 3.0, .NET 5, and .NET 6 versions fully support Windows
Forms, WPF, and UWP applications.

WPF and UWP use XAML as a base markup language for the layout
and design aspects of the application.

Multiple-choice questions

1. Which alternative represents an advantage of Desktop
development compared to Web development?

a. Easier deployment

b. Scalable

c. Possibility of access to more features from the user’s machine
d. Facility to upgrade the software

2. Which markup language can be used to design WPF applications?



a. HTML
b. CSS

c. XML
d. XAML

Answers

l.c
2.d

Questions

1. Explain in which scenarios the development of Desktop applications
would be suitable.

2. Create a WPF application from scratch containing a Grid and search
capabilities using what you have learned from this chapter.

3. Explain the differences between Windows Forms and WPF
technologies.

Join our book’s Discord space

Join the book’s Discord Workspace for Latest updates, Offers, Tech
happenings around the world, New Release and Sessions with the Authors:

https://discord.bpbonline.com
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CHAPTER 16

Azure Integration Services

Introduction

Modern software development involves knowledge of cloud services and
architecture patterns suitable for distributed systems, allowing developers to
create an application that would be scalable, reliable, and cost-effective in
terms of infrastructure. The .NET platform offers a wide range of libraries
and packages to facilitate the integration with Azure cloud services,
including possibilities of simulating cloud infrastructure locally.

Learning what the .NET platform supports for cloud development for Azure
will allow you to make proper technical decisions for projects that would be
more suitable to be hosted in cloud services, allowing you to take advantage
of applying serverless and distributed systems concepts.

This chapter will cover the integration with the most relevant resources on
Azure for .NET applications, such as Blob Storage, Azure Functions, Azure
App Service, and Azure App Configuration.

Structure

In this chapter, we will discuss the following topics:

e Azure storage accounts
e (Creating an Azure storage account
» Azure functions

Objectives

After studying this unit, you should be able to understand the most relevant
resources on Azure to build Web applications, integrate basic .NET
applications with Azure services using the underlying packages for C#
language, and understand basic concepts of serverless and cloud
development concepts.




Azure storage accounts

Most web applications need to store images, static files, and content from
different formats to allow users to upload content to the application server.
The same applies to Console applications that need to run file-processing
jobs and Desktop applications that allow file upload functionality.

There are many ways of storing these files such as:

Store these files in a folder within the application server

Have a dedicated machine to store the files

Store the files in folders among the application files

Store them in the database as blobs

Use a storage system to store the files outside the application context

All these options have pros and cons depending on the context of the
technical and non-functional requirements an application must have, but in
general, there are good practices in terms of file uploads that are
recommended to follow for any project. One of these good practices
involves the separation of user content files from the application server into
a separate storage service, which allows a more efficient way to provide files
(bandwidth) and has high capabilities for data replication, security policies,
and automatic backup tools.

Considering these practices, Azure Storage Account represents a great
alternative in terms of scalability, security, performance, and costs; to be able
to use this cloud resource with .NET applications as Microsoft has provided
packages to speed up the development, even though it is possible to do any
integration with Azure using REST APIs as well.

Creating an Azure storage account

Microsoft has programs for IT students, partnerships with universities, and
policies around new Azure accounts that allow us to test the creation and
execution of specific types of resources on Azure without costs for a certain
period. To know more about the free services available, please visit the
official Website at https://azure.microsoft.com.

To start using Azure Storage accounts, you must first register into Azure
Portal under the official website. After this, go to the “Create a resource”



option on the portal, as shown in Figure 16.1:
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At this point on Azure, the resources are separated by category based on the
type of use, such as Containers, Databases, Developer Tools, Develops, the
Internet of Things, and much more. Choose the Storage account option, and
specify a subscription, resource group, region, and redundancy type, as
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Figure 16.1: Azure resources

shown in Figure 16.2:
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Home Create a resource

Create a storage account
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Azure Storage is a Microsoft-managed service providing doud storage that is highly available, secure, durable, scalable, and
redundant. Azure Storage includes Azure Blobs (objects), Azure Data Lake Storage GenZ, Azure Files, Azure Queues, and
Azure Tables. The cost of your storage account depends on the usage and the options you choose below, Learn more about
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Figure 16.2: Storage account details

Since storage accounts on Azure use public endpoints with a subdomain
specified by Azure by default, the storage account name field must be filled
with a unique name, not only in terms of your resources but also considering
all the storage accounts created globally by other tenants. After specifying a
unique name, it is possible to specify a detailed configuration for
Networking, Encryption, and Tags. In the context of the example of this
chapter, all the default configurations are being used. The “Review +



Create” option can be used to check the default configurations. As shown in
Figure 16.3, a “dotnetbook” storage account name is specified:
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Figure 16.3: Storage account creation

If the name is unavailable on Azure, the creation will not be allowed, and a
warning will be displayed in the underlying field. After confirming the
creation, a progress status screen is displayed, as shown in Figure 16.4:

- dotnetbook 1657869094908 | Overview

Candel i [} mefresh
Cverview © We'd love your Feadbacht —
Input
Dubpeats == Deployment is in progress
. .
Texmplate Deployment namp; dotnethoak 1637865004508 Start bime: FR1S2002, 817230 A
Subsoriptian: Assimat ficiss! Studha Enterprise Carreistion [T heStdeia- 257 44 gt i coxosascaste [

Respuice group Def

A Deployment ditails (Dewnlasd)

ReSOUNE Type Hatus

Mo results,

Figure 16.4: Storage account creation status

Once the deployment of the resource is complete, a correlation ID is
provided, including more deployment details, such as file services, blob
services, and much more, as shown in Figure 16.5:
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Figure 16.5: Storage account deployment details

After clicking on “Go to resource,” you will be redirected to all the options
available for your newly created storage account. As shown in Figure 16.6,



there are many services available within this type of resources, such as
Containers, File Shares, Queues, Tables, and Azure CDN, including extra

advanced options for Geo-replication, Data protection, Networking, Static
Website, and much more:
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Figure 16.6: Storage account options



All the files within a Storage Account are stored within a container, where it
is possible to specify access policies and to have a logical separation for all
the files. To create your container, go to the underlying option and specify a
unique name within your storage account for containers, as shown in Figure
16.7:
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Figure 16.7: Storage account container

In this example, the name “upload” is specified for the container, and the
Private access level is configured to require authentication to access any
content within the container.

Considering you have the storage account already configured at this stage,
the next step is to understand how you can integrate a .NET application with
Storage accounts to upload, retrieve, update, and retrieve files. Within Visual
Studio, create a new Console application and install the package
Azure.Storage.Blobs provided by Microsoft, as shown in Figure 16.8:
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Figure 16.8: Azure.Storage.Blogs package



Within the Program.cs file, you would need to import a reference to the
package and specify the authentication information regarding your storage

accounts, such as connectionstring and container name, as shown in Figure
16.9:

(azureAccountConnectionString, containerName);

Figure 16.9: Authentication information for Azure Storage

Note in Figure 16.9 that the first code line contains the reference to
Azure.Storage.Blobs package. Additionally, the fifth line contains a
variable to store the connection string for the container, and line six has the
container's name created under the underlying storage account. You can
obtain the connectionstring for your storage account under the Access Keys
option on Azure Portal, as shown in Figure 16.10:
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Figure 16.10: Connectionstring for Azure Storage Account

Once you get the connectionstring, you can replace the
azureAccountConnectionString value. In real scenarios, this type of sensitive
information should not be part of the codebase but a protected environment
variable on the application server. Therefore, the hard-coded
connectionstring is just for this sample code.

Looking at the continuation of the given code sample, note that lines 7 and 8
contain the creation of a BlobContainerClient instance, which is part of the
package installed and allows us to establish communication with the Azure
Storage Account passing the proper connectionstring and container
information as highlighted in Figure 16.11:

BlobContainerClient container = new BlobContainerClient(
azureAccountConnectionString,

containerName) ;

container.CreateIfNotExists();
Figure 16.11: Blob container client object

In order to start uploading files to a specific container, it is essential to make
sure the container gets created if that does not exist yet. Therefore, the
method container.CreateIfNotExists() is called in this sample. In the
context of this chapter, the container is called “upload.”

Once you have created the underlying container, the next step would be to
upload an actual file to the container. To achieve that, you can create a file in
your local machine, create a BlobClient object referencing the path that the
file should be placed in the container, and finally call the Upload method,
passing the file stream of your sample file, as shown in Figure 16.12:

string blobName "sample.txt";
string filePath = $"myfiles/{blobName}” ;

BlobClient blob = container.GetBlobClient(filePath);

blob.Upload(File.OpenRead("C:\\Users\\Alexandre Malavasi\\Desktop\\sample.txt"));

Console.WritelLine("Upload done successfully");

Figure 16.12: File upload to the Azure Storage container



In the context of this chapter, a file called sample.txt was created manually
and placed on the Desktop, and the underlying file path was passed as a
parameter of the OpenRead method to get the underlying stream of the file.
This code specifies that the sample.txt file will be uploaded into the upload
container under the path “myfiles/sample.txt.” Figure 16.13 contains the
entire code for the example:

BpbDotMetBoak
1sing Azure.Storage.Blobs;

le. WriteLine("Upl ng file");

ing azureAccountConnectionString = "YOUR CONNECTIONSTRING";
containerName = "upload”;

ainerClient container = new Bl

azureAccountConnectionString,

containerName) ;
container.CreatelfNotExists();

blobName = -

ing filePath = blobName}" ;
B ent blob = container.GetBlobClient(filePath);
bleob.Upload(File.OpenRead("C:\\Users\\Alexa Malavasi\\Desktop\\sample.txt"));

Console.Writeline("Upload done successfully®);

Figure 16.13: Code sample for file upload

After running the Console application within Visual Studio, the successful
message regarding the upload will be displayed if all the parameters are
correct, such as connectionstring, file path, and others, as shown in Figure
16.14:

Figure 16.14: Successful file upload message



After running the application, it is possible to access and see the underlying
folder and file uploaded on Azure Portal, as shown in Figure 16.15:
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Figure 16.15: Folder and file on the container

The package to manipulate blobs in the storage account provided by
Microsoft is quite powerful in terms of mirroring all the capabilities that are
presented in this type of resource on Azure, allowing to upload, download,
delete, get a list, change metadata, control security, and do any other
operations for blobs in general.

Additionally, Storage Account has many other capabilities such as Tables,
Queues, Networking configuration, Azure CDN, Static website, and much
more, representing a great tool to extend the application’s capabilities.

Azure functions

An Azure function is based on the serverless computing model that allows us
to execute code using the events and triggers approach without having to
take care of how the infrastructure for the host is configured, being a cost-
effective option for scalable services.

Imagine you have a specific service that needs to be executed sporadically or
only when a particular event happens. In this case, it does not make sense to
keep a regular application server available 24 hours and seven days a week,
increasing costs and overpricing the infrastructure for your service. It would
be suitable to have a specific service that is online only when a particular
event happens, and once the process is finished, the infrastructure would be
turned off. Azure Functions are a perfect alternative for this operation, as it



allows us to create functions for specific purposes, billing the resource per
use. Therefore, depending on the configuration of an Azure function app, it
would allow millions of requests per month for a reasonable price.

To start using Azure Functions, a Function App on Azure itself must be
created, which can host multiple functions together. If you go to Azure
Portal within the Create a Resource option, you need to choose the Function
App option, as shown in Figure 16.16:
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Figure 16.16: Function App creation

Similar to other resource types on Azure, it is mandatory to specify a unique
name for your resource. It applies not only to your account but to all the
resources presented on Azure as Function Apps use the domain
azurewebites.net by default, and the name of your App cannot conflict with
other existing Function Apps. You have to specify a subscription and
resource group as well, as shown in Figure 16.17:
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Figure 16.17: Function app name

Azure functions support code implementation using .NET, Node.js, Python,
Java, and Powershell script. In the context of this chapter, it was chosen
.NET as the primary stack development, with version six of the platform, as
shown in Figure 16.18:
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Figure 16.18: Function app language

The rest of the basic configuration regards Operating System and Plan,
which directly influences the pricing model for keeping the app's
infrastructure and executing the functions. In this example, the Linux
operating system was chosen as .NET is multi-platform since the .NET Core



1.0 version, and the Consumption (Serverless) plan type was specified, as
shown in Figure 16.19:
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Figure 16.19: Operating system and plan type

After confirming the basic configuration, you are redirected to the preview
screen, where you have the opportunity to check each relevant aspect of your
app. The majority of configurations under the basic ones cannot be changed
after their creation; therefore, it is essential to review the values specified in

the last screen before confirming the actual creation, as illustrated in Figure
16.20:
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Figure 16.20: Function app review screen

If the deployment succeeds, you should be able to see the details of all the
resources that were created, including a storage account, sites, and
components, as shown in Figure 16.21:
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Figure 16.21: Function app deployment details

After the Function App is created, you can manually create functions, as
shown in Figure 16.22:

1} bpbdotnetbook | Functions

Funchion App
O Search (Ctri+ /) J 1 Create 'Z‘_,: Refresh

O
i A\ Editing functions in the Azure portal is not supported for Linwg Consumplion Function Apps.

K

Actinty log

o

Access contral (1AM) 3
£} Filter by name..
Tags

-

¢
£2 Diagnose and solve problams Name T T b
Q

Coe s

=RCURTY Mo results.
Events (preview)

Functions

LAl Functions

App keye

Figure 16.22: Functions on Azure Portal

As Azure functions host a piece of code to be executed, it is possible to
develop the functions locally using Visual Studio or Visual Studio Code. In
this case, the underlying Azure development workload in Visual Studio
needs to be installed, as shown in Figure 16.23:
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Figure 16.23: Azure development workload

After the installation of the workload, all the relevant project templates for
Azure development are available in Visual Studio when you start a new
project from scratch. To experience local development for Azure Functions,
you would need to create the underlying project in Visual Studio, as shown
in Figure 16.24:
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Figure 16.24: Azure function project in Visual Studio



After choosing the underlying project type and giving the project a name,
you must choose the .NET version, the trigger type, and the authorization
level. In the samples of this chapter, the .NET 6 version was chosen, an
HTTP trigger and Anonymous access, as shown in Figure 16.25:
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Figure 16.25: Azure function project configuration

The HTTP trigger option means that the function will be executed once the
Web endpoint for the function is called: GET, POST, or PUT, depending on
the configuration. Regarding the authorization level, in production
environments, another type of authentication should be used for security
reasons, but for testing and studying purposes, Anonymous access is used in
this chapter's context.

The default project template for the HTTP trigger type creates a static class
called Functionl, a local settings file, and information on the host, as shown
in Figure 16.26:
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Figure 16.26: Solution Explorer for Function Apps

If you click on the Functionl1 file, you can see the default function created as
an example by the template. It contains the configuration for the
authorization level, allowed HTTP Verbs, and route configuration.
Considering the context of any application based on HTTP requests and
endpoints, it is possible to say that a function app based on an HTTP trigger
is similar to a standard RESTful Web API, with a combination of the
following:

e Authentication and authorization configuration
Multiple methods
Multiple types of action results

HTTP verb and route configuration

Dependency injection

Therefore, if you are familiar with Asp.Net Core Web API projects,
understanding Azure Functions will be facilitated for specific trigger types.
After creating a project with the default project template, the Function1 class
looks like this in Figure 16.27:



e MyFunctionApp

ame( "Functionl"}]

ync <IActionResult> Run(
[Ht er(AuthorizationLevel.Anonymous, "get", "post"
ILogger log)

P

Llog.LogInformation("Developing my first Azure Function."):

g name = req.Query["name"];

ng requestBody = 1it new Stre er(req.Body) .ReadToEndAsync() ;
c dat vert.Deserial ect(requestBody);
name = name 77

sNullOrEmpty(na
in the

Liy.";

esult(responseMessage) ;

Figure 16.27: Functionl code

GET and POST HTTP verbs are allowed in the given function, and the
authorization is marked as Anonymous on lines 16 and 17. The method gets
the value of a “name” parameter passed as part of the URL request and
returns a string response with the message: “Hello. This HTTP triggered
function executed successfully”. If you run the application using Visual
Studio, a simulated Azure Function App infrastructure will be executed
locally, and a localhost endpoint will be provided, as shown in Figure 16.28:
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Figure 16.28: Azure function local execution

The endpoint http://localhost:7071/api/Functionl was created, and it can
be executed directly in the browser as a standard Web API, as shown in
Figure 16.29:

& localhost7071/api/Function1fn: X +

- C @ loclhost7071 fapiffunction 1?name=Alexandre

Hello, Alexandre Malawasi. This HTTR triggered function executed successfully.

Figure 16.29: Azure function browser execution

Please note in the URL bar that the name parameters were passed as part of
the request with “Alexandre Malavasi.” Considering the configuration of the
function code for the Function1l method, the correct output is displayed, as
highlighted in Figure 16.30:
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Figure 16.30: Azure function output

To test the execution of the azure function developed locally, it is possible to
deploy the same code to the Azure Function App created previously in this
chapter. To achieve that for studying purposes, you can use the option
“Publish Selection” under the “Build” menu option in Visual Studio, as
demonstrated in Figure 16.31:
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tz  Build Solution Ctrl +Shift+B
Rebuild Solution
Clean solution
Run Code Analysis on Solution Alt+F11
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Batch Build..,

Configuration Managet..,

Figure 16.31: Publish selection

After choosing this option, four options are displayed, including the Azure
deployment option, which is the correct option in the context of this chapter,



as shown in Figure 16.32:
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Figure 16.32: Azure publish option

Azure offers the deployment of Azure functions for Windows and Linux.
Furthermore, it is possible to deploy the function app using Container. As the
Function App created previously in this chapter is based on Linux operating
system, this underlying option needs to be chosen, as shown in Figure 16.33:
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Figure 16.33: Azure function deployment in Linux

Considering the deployment needs to happen in an existing Azure
subscription under a Microsoft account if would need to authenticate with
your own Microsoft Account and select the underlying subscription under
your account. After this, all the existing Function Apps based on Linux are
displayed, as shown in Figure 16.34:
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Figure 16.34: Azure Function Apps based on Linux

After finishing the configuration for the publication process, the underlying
profile for the publication process is created, which can be reused to
automate the publishing process by exporting the related file. The
publication profile should look like Figure 16.35:
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Figure 16.35: Publication profile

After pressing “Publish,” the package for your Azure Function app will be
pushed to the infrastructure created on Azure, and you should be able to
execute your function using the Azure sub-domain for your function app. In
the context of the one created in this chapter, the URL would be
https://bpbdotnetbook.azurewebsites.net.

Conclusion

In this chapter, you had the opportunity to learn the most basic possibilities
of integration with Azure services using the C# language and .NET project
types, such as Azure Functions and Blob Storage services.

Azure contains a vast amount of services that can be consumed via standard
REST APIs; however, there are libraries and SDKs available for the most


https://bpbdotnetbook.azurewebsites.net/

used services within Azure, available not only for C# but for other languages
as well, such as Node and Python, which facilitates and speeds up the
development process when the solution involves Cloud services at any level.

In the next chapter, you will learn how to include authentication and
authorization for .NET applications focused on Web development.

Points to remember

e It is recommended to place the connectionstring for your Azure
resources into proper and secure secret settings or environment
variables.

e Azure Functions support Python, Java, Node.js, .NET, and PowerShell.

e It is possible to host Azure Function Apps in Linux or Windows,
depending on the region selected.

e Azure SDK for Blob Storage allows us to upload, download, update,
and delete files on Azure Storage Accounts, including manipulating
metadata.

Multiple-choice questions

1. Which alternative represents a false statement for Blob Storage
configuration?
a. There is a restriction on uploading PDF files in containers.
b. All the containers are public by default.
c. The URL must be unique.
d. It is possible to configure access control per container.

2. Which .NET versions are supported for Azure Functions?

a. .NET Framework 2.0, .NET Core 1.0, .NET Core 3.1, and .NET 5
b. All .NET Core versions

c. NET 5and .NET 6

d. .NET Core 3.1 and .NET 6

3. Which service is not supported by Azure Storage Accounts?



a. Tables

b. File Share

c. Static website
d. SignalR

Answers

1.b
2.d
3.d

Questions

1. Explain what is a serverless application.

2. Create an Azure function that accepts only POST HTTP Verb and
returns a querystring parameter.

3. Create a Console App that uploads a file into an Azure Blob Storage
container and downloads the same file into a local folder.
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CHAPTER 17
Authentication in Asp.Net Core

Introduction

Security is one of the main aspects of any Web application these days, as
data confidentiality and trust are the key elements for any successful
business which has software development at its core. Asp.Net Core contains
native mechanisms for authentication and authorization for Blazor, Web
APIs, and MVC applications, using a standard model across different
projects.

Learning authentication and authorization for Asp.Net Core applications will
allow you to build trustable and reliable Web applications, speeding up the
development process in terms of productivity, as any enterprise application
needs a certain level of security and compliance with market standards for
data confidentiality.

This chapter will cover the fundamental aspects of authentication for the
most common Asp.Net Core project types, including Blazor, Web API, and
MV, including good practices in terms of the authorization.

Structure

In this chapter, we will discuss authentication and authorization for Asp.Net
Core applications in the following topics:

e Authentication concepts
e Authentication and authorization for Web APIs

o Basic authentication
o JWT authentication

Objectives




After studying this unit, you will understand the basic concepts of
authentication and authorization for Asp.Net Core applications. You will
learn how to apply different types of authentication and use basic
authorization concepts for Asp.Net Core applications.

Authentication concepts

Authentication and authorization are essential aspects of any enterprise
application as it protects user data and gives the application reliability.
Authentication is the process responsible for identifying the user's identity.
Basically, for determining if users requesting authentication to an application
are who they are saying they are. Usually, an authentication process involves
informing a username and a password. If the username and password given
to the application match with the username and password provided by a
particular user, it is enough to determine the user’s identity, as there is an
assumption that the user is the only one with ownership of the informed
credentials. Authentication can also involve a more complex process, such as
verifying the user's IP, network, geo-localization, token, and anything else
that helps secure the user’s identity.

Enterprise applications can use many types of user authentication, such as
passwords, security questions, multi-factor authentication, tokens, mobile
phones, and One Time Pin (OTP) via SMS or biometric authentication.
This chapter uses a username and password to determine the user's identity.

Even though authentication and authorization are used in the same context,
they are different things. Authentication only determines the user’s identity,
and authorization determines the user's access level. In terms of
authorization, imagine a configuration that would restrict users per profile or
role, determining which pages and actions on these pages each user should
have access to and perform. Based on the user identity provided by the
authentication process, an application can verify what actions a specific user
can make while navigating through a Web application.

Authentication and authorization for Web APIs

The .NET platform follows a similar pattern for implementing authentication
and authorization among all the Web project types available, including Web
API, MVC, Razor, and Blazor projects. In this section, we will walk you




through how the implementation is done for Web APIs in general, with some
code samples following a step-by-step approach.

Considering any Web API needs to be hosted in a server infrastructure to be
available for other consumers, the authentication process is highly tied to the
intrinsic capabilities of the server. The HTTP modules are used for
authentication if the application is hosted in a traditional Internet
Information Service (IIS) infrastructure. With the possibility to extend or
overwrite IIS modules according to your convenience if the application
requires a custom authentication.

In a traditional Web API, the host manages the authentication process's state,
returning an object to the application in the context of a Web request. This
object contains the identity information and is attached to the current thread
in the request context. This object implements the IPrincipal interface,
which is pretty much standard across .NET projects.

Suppose your application is not hosted in IIS. In that case, it is possible to
achieve similar authentication goals using HTTP Message Handlers, which
allows you to set the principal object by yourself. This authentication
scheme is exciting where a more custom authentication process needs to
happen or when the application requires to be host-agnostic.

Usually, an authentication process involves matching the username and
password with values stored in the database or even another more
sophisticated approach. To simplify the examples in this chapter, they will
not contain details on how the user is retrieved from a database, as each
developer or project may retrieve a user from different locations or in
particular ways. Therefore, this section restricts to the necessary code to set
the principal user, as shown in Figure 17.1:

void SetPrincipal(IPrincipal principal)

Thread.CurrentPrincipal = principal;
if (HttpContext.Request != null)

ity(principal Identity.
rincipal(userIdentity, n

HttpContext.User = userPrincipal;

Figure 17.1: Set Principal object



If you are hosting the application in IIS, you must set the principal in the
Thread.CurrentPrincipal and HttpContext.User properties, as the HTTP
context is available for an application hosted with HTTP Modules. But, if
you are hosting the Web application another way, you must set only the
Thread.CurrentPrincipal property.

In terms of authorization for Web APIs, as all the methods are based on
Controllers within a request in Asp.Net Core Web API, a validation in terms
of authorization is done before the request reaches controllers. This process
happens using Authorization Filters, which represents good practice for
decoupling the implementation of the filter from the actual controller method
implementation.

Asp.Net Core has its own Authorization Filter, which returns the 401 code
status if the user is not authenticated and/or does not have the authorization
to access the underlying resource. You can configure the authorization filter
by specifying it on each of the following levels:

e Action Controller
e Controller
e Globally

In a controller, you can become the entire class with the required protection
in terms of authentication and authorization by using the Authorize attribute,
as highlighted in Figure 17.2:

ising Microsoft.AspNetCore.Authorization;
ce BPBWebApi.Controllers

[ApiController]

[controller]")]

¢ class CustomerController : ControllerBase

nly ILogger<CustomerController>

blic Customer GetCustomer(int id)



Figure 17.2: Set Authorize attribute for controllers

If the authorize attribute is used at a controller level, it means that all the
methods within this controller inherit the same level of authorization and
authorization filter. As the attribute was specified in line 8 above the
controller class name, you can revoke the filter for a specific method by
using the A1llowAnonymous attribute, as shown in Figure 17.3:

[HttpGet]

Figure 17.3: AllowAnonymous attribute

In terms of authorization, it is possible to specify the method and controllers
restriction levels as per the user and role, as shown in Figure 17.4:

[Authorize(Roles = "Sales")]

e P
V]

Customer GetRestrictedCustomer(int idIf_}

Figure 17.4: Access restriction per role

When there is any non-functional requirement for an application regarding
authentication types, other approaches can be followed to have more
sophisticated and modern authentication and authorization aspects. The next
section of this chapter covers the Basic Authentication type for Web APIs.

Basic authentication

To use the Basic Authentication type for Web APIs, it is necessary to build
the actual middleware that will intercept the request, read its header, and
authorize or not access a specific resource via Web API. In this kind of
request, the header contains the relevant information on the authentication,




such as username and password, token, or other conventions used to
authorize a user or application.

The .NET platform already contains a middleware class for authentication
and controller authorization based on the Authorization Filter concept. You
can create your own authorization filter by inheriting the underlying base
class and overriding the proper methods, as shown in Figure 17.5:

1sing System.Web.Http.Controllers;
ng System.Web.Http.Filters;

> BPBWebApi.Filters

Lass CustomerAuthenticationFilter : AuthorizationFilterAttribute

yid OnAuthorization(Http ionContext actionContext)

base.0OnAuthorization(actionContext);

Figure 17.5: Custom authorization filter

In this example, the onAuthorization method can be overridden to match a
custom implementation for the authentication and authorization process,
such as matching usernames and passwords with the database, applying
more complex policies calling external services, and much more. Figure
17.6 contains a representation of custom authentication logic, checking
whether a username and password match a specific value:



CustomerAuthorizationFilter : AuthorizationFilte

de wvoid OnAuthorization(HttpActionContext actionContext)

if (actionContext.Request.Headers.Authorization != null)

{

var headerToken = actionContext.Request.Headers
.Authorization.Parameter;

decodeHeaderToken = System.Text.Encoding.UTFB.GetString(
Convert.FromBase6UString(headerToken));

sar tokenValues = decodeHeaderToken.Split(':');
if (tokenValues[8] = "admin" &&

tokenValues[1l] = "test")
I
[ 3

Thread.CurrentPrincipal = new GenericPrincipal(
¢ tity(tokenValues[0]), null);

else
{
actionContext.Response = actionContext.Request
.CreateResponse(HttpStatusCode. Unauthorized);

actionContext.Response = actionContext.Request
.CreateResponse(HttpStatusCode. Unauthorized);

Figure 17.6: Custom authorization method

In this code sample, the authorization token is read from the request header
(lines 14 and 15), and the username and password are taken from the token
value by splitting the content separating the two values (line 20). If the
username and password match with the expected value, the
CurrentPrincipal property is set with the user information to the current
Thread. On the other hand, if the credentials do not match the expected
values, a 401 HTTP status code is shown, which confirms to the requester
that the user is not authorized.



It is essential to note in this sample that the correct username (admin) and
password (test) are hard-coded, just as an example. In a real scenario, this
authorization method would verify actual credentials in a database or any
other authentication service. This example is kept simple to focus only on
the Authorization Filter aspect for Asp.Net Core Web APIs.

To use the actual custom authorization filter, you need to specify it above a
controller or method as an attribute, as shown in Figure 17.7:

[CustomerAuthorizationFilter]

0 references

public List<Customer> GetCustomers()|

Figure 17.7: Custom authorization filter

Encapsulating all the logic behind authentication and authorization using
authorization filters contributes to separating the responsibilities between
business logic and non-functional requirements in controllers and methods.

JWT authentication

Like other technologies and platforms, Asp.Net Core projects support
authentication based on JWT (JSON Web Token), which allows applications
to create security mechanisms with signature and encryption associated with
a request payload. In this type of authentication, the server generates a token
that contains the user identity that client applications can use to send
associates with requests to validate and confirm the requester’s identity.

You must install Microsoft to start using JWT authentication combined with
Asp.Net Core applications.AspNetCore.Authentication.JwtBearer and
System.IdentityModel.Tokens.Jwt packages, as highlighted in Figure
17.8:



Browse Installed Updates

J "'n'."ri

ner Microsoft. .ﬂ.spNet Core.Authentication.JwtBeare

ASP.NET Core middlewars

r‘i';\a System. ]dentltyMndeE Tokens.Jwt

ndudes types that provide support for eat

Figure 17.8: JWT packages

After installing the underlying NuGet packages, you need to adapt the
appsetting.json file to include the keys regarding the JWT configuration,
as shown in Figure 17.9:

B! "JWT": {
"Key": "YOUR SECRET KEY",

"Issuerll . tlll-:-i- i.—.: ." / .-
"Audience": “bpbonllne"

Figure 17.9: appsettings.json for JWT

This is a representation of a JWT configuration with the following
information:

e Key: The secret key used by the backend application to encrypt the
JWT tokens. This token must be secured and complex enough.

e Issuer: The application or party that creates the JWT token and gives
the token a private key for encryption.

e Audience: The server resource that should accept the token in the
validation.



From Asp.Net Core 6, applications do not have the traditional Startup.cs
file, instead, everything is configured for the application within the
Program.cs file. Asp.Net Core follows an architecture that allows us to
register services to the container pipeline. This means we can have
configurations for JWT and authentication globally registered as a service
for the entire application. Within the Program.cs, add the JWT
configuration, as shown in Figure 17.10:

|Ebuilder.Services.AddAuthentication(x =>

1

x .DefaultAuthenticateScheme
x.DefaultChallengeScheme =
|=}) . AddIwtBearer(o =>
IE!

sar Hey = End 1.UTF8.GetBytes(builder.Configuration[" JWT: Key"
o.5aveToken = true;
o.TokenValidationParameters = new TokenValidationParameters
i
ValidateIssuer = false
ValidateAudience
ValidateLifetime = true,
ValidateIssuerSigningKey = true,
ValidIssuer = builder. Configuration["JWT:Issuer"],
ValidAudience = builder.Configuration["JWT:Audience"],
IssuerSigningHey = new SymmetricSecuri ey (Key)

Figure 17.10: JWT Configuration

In this configuration, we are adding the Authentication service (line 9) and
registering the JWT Bearer between lines 13 and 25. Note that the JWT
settings are being taken from the appsettings.json file (key, issuer, and
audience) using the builder.Configuration object. The Symmetric
Security Key is being used in terms of the encryption method, but other
types can be used according to convenience.

Additionally, ensure you have configured the application to use
authentication and authorization within the Program.cs file, as shown in
Figure 17.11:



app.UseAuthentication();

app.UseAuthorization();

app.MapControllers();

app.Run();

Figure 17.11: Use of authentication and authorization

The next step is to create a class that handles the authentication process and
refers to the class as a service in the Program.cs file. To achieve that
correctly, we have to create three classes: user, token, and JWTAuthenticator,
including the underlying interface for the authenticator.

For simplification reasons in this chapter, the user class is kept only with
login and password properties, as shown in Figure 17.12:

= BPBWebApi.Models

Figure 17.12: User class

Furthermore, the token class is represented by the code in Figure 17.13:



Tokenics & X

&18PBWebApi + g BPBWebApi. Models Token

ng JwtToken { get; set; }

set: }

Figure 17.13: Token class

The first property is responsible for keeping the encrypted token returned by
the authenticator, and the second property has the purpose of storing the
token that can be used to get a new fresh token and renew the authentication,
respecting the expiration time determined by the server application.

In the following example Figure 17.14, create the IJwtAuthenticator,
which is going to have only one method in the specification:

lwtAuthenticator.cs b4
;ﬁ BPEWebADI = =0 BPBWebApi Models UwtAuthenticator

ice BPBWebApi.Models

ace IJwtAuthenticator

Token Authenticate(User user);

Figure 17.14: Token class

The implementation of the JWT Authenticator class involves including the
actual logic for the authentication. For testing purposes, a fake user
repository is created to hide complexities regarding a database connection.
The class that needs to implement the specification of the
IJwtAuthenticator interface looks like the representation in Figure 17.15:



ice BPBWebApi.Models

lass JwtAuthenticator : IJwtAuthenticateor

Dictionary<string, string> Use

¢ IConfiguration _configuration;

ic JwtBAuthenticator(IConfiguration configuration)

.—configuration = configuration;

ublic Token Authenticate(lUser user)

return

Figure 17.15: JWT Authenticator class implementation

Between lines 10 and 15 in Figure 15.17, a User Repository object is created
to simulate records in the database with only three users. Line 17 specifies a
read-only configuration variable, which will be populated in the constructor
using Dependency Injection.

After an actual implementation of the Authenticate method in this
JwtAuthenticator class, it looks like the code in Figure 17.16:



oken Authenticate(User user)

if (!UserRepository.Any(x => x.Hey == user.Login &% x.Value == user.Password))
i
ion("Invalid logi

}

r tokenHandler = Handler();

ir tokenHey = En UTF8.GetBytes(_configuration["JWT:Key'

tokenDescriptor criptor
Subject = new Claim ity(new Claim[]
{
new! Claim(ClaimTypes.Name, user.Login)
B,
Expires = Date
Signing S A igCre s(new Sy ww(tokenHey) ,

ir token = tokenHandler.CreateToken(tokenDescriptor);
return new Token { JwtToken = tokenHandler.WriteToken(token) }:

Figure 17.16: Authenticate method implementation

Breaking down the Authenticate method implementation, it is possible to see
the following;:

e Lines 25 to 28 validate the user credentials, verifying if they match the
list of users presented on the repository. The method throws an
unauthorized exception if the login and password do not correspond to
any value.

e Between lines 31 and 42, the tokenHandler object is created, and the
token configuration is specified, assigning the JWT key from the
appsettings.json, configuring the claim (user identity), and
specifying an expiration for the token with the value of 10 minutes.

e Finally, line 44 creates the actual JWT token using the token
description, and the method returns a Token object.

As all the necessary classes are already implemented at this point, the next
step is to register the JWT Authenticator class as a service in Program.cs, as
highlighted in Figure 17.17:



builder.Services.AddSingleton<IJwtAuthenticator, JwtAuthenticator>();
builder.Services.AddControllers():

r app = builder.Build();

app.UseAuthentication()};

app.UseAuthorization();

app.MapControllers();

app.Run();

Figure 17.17: Authenticate method implementation

The last step in the implementation is to refer to the JWT Authentication via
Dependency Injection in the controller responsible for the authentication
endpoint and to expose the actual authentication method, as shown in Figure
17.18:



ly IJwtAuthenticator _jwtAuthenticator;
ic CustomerController(IJwtAuthenticator jwtAuthenticator)

_jwtAuthenticator = jwtAuthenticator;

ic IActionResult Authenticate(User user)

try

{
var token = _jwtAuthenticator.Authenticate(user);
return Ok(token);

}

catch(UnauthorizedAccessException ex)

i

return Unauthorized():

}
catch(] ex)

i
}

return Problem();

Figure 17.18: JWT authenticator in the Controller

In the controller, a JWT Authenticator object is injected automatically, and
the Authenticate method receives the user information (login and password)
as a parameter and calls the authenticate method from the JWT
Authenticator class. If the authentication succeeds with valid credentials, an
OK response is returned. Otherwise, an error is returned by the API due to
unauthorized access.

Conclusion

In this chapter, you had the opportunity to learn fundamental concepts of
authentication and authorization for .NET applications focused on Web
Development, following good practices of security primarily used in the
market, such as JWT and native features for Asp.Net Core applications.




In the next chapter, you will learn how to interact with databases using the
Entity Framework Core, taking advantage of ORM capabilities in the .NET
platform.

Points to remember

It is recommended to place the connectionstring for your Azure
resources into proper and secure secret settings or environment
variables.

Azure Functions support Python, Java, Node.js, .NET, and PowerShell

It is possible to host Azure Function Apps in Linux or Windows,
depending on the region selected.

Azure SDK for Blob Storage allows us to upload, download, update,
and delete files on Azure Storage Accounts, including manipulating
metadata.

Multiple-choice questions

1. Which alternative represents a false statement for Blob Storage

configuration?

a. There is a restriction on uploading PDF files in containers.
b. All the containers are public by default.

c. The URL must be unique.

d. It is possible to configure access control per container.

2. Which .NET versions are supported for Azure Functions?

a. .NET Framework 2.0, .NET Core 1.0, .NET Core 3.1, and .NET 5
b. All .NET Core versions

c. NET 5and .NET 6

d. .NET Core 3.1 and .NET 6

3. Which service is not supported by Azure Storage Accounts?

a. Tables
b. File Share



c. Static website
d. SignalR

Answers

1.b
2.d
3.d

Questions

1. Explain what is a serverless application.

2. Create an Azure Function that accepts only POST HTTP Verb and
returns a querystring parameter.

3. Create a Console App that uploads a file into an Azure Blob Storage
container and downloads the same file into a local folder.
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CHAPTER 18

Introduction to Entity Framework
Core

Introduction

Interaction with databases is one of the most significant tasks in software
development as most of the applications that have some level of user
interfaces are, in general, interfaces to allow users to manipulate information
stored in a database by performing CRUD operations: create, read, update,
and delete data. Integration with databases to perform these operations is not
a trivial task. Entity Framework Core helps .NET developers to simplify this
process using a mature Object Relational Mapping (ORM) framework.

Learning Entity Framework Core will allow you to build robust applications
interacting with databases using C# language, speeding up the development
process in terms of productivity while taking advantage of all the existing
benefits of the object-oriented programming paradigm.

This chapter will cover the essential aspects of Entity Framework Core
(EF Core), including basic concepts of ORMs in general, Language

Integrated Query (LINQ), and how to use EF Core with SQL Server
database.

Structure

In this chapter, we will discuss authentication and authorization for Asp.Net
Core applications on the following topics:

» Basic concepts of ORM
e Entity Framework Core
e Introduction to LINQ

Objectives




After studying this unit, you should be able to understand the basic concepts
of ORM, build simple applications for CRUD operations, apply LINQ to
perform database queries using C#, and understand the good practices of EF
Core.

Object Relational Mapping (ORM)

Almost all the enterprise systems that all developers work in daily involve
the need to implement primary operations in databases, which implies using
techniques to interact with databases using one of the multiple programming
languages. This chapter aims to show you how Entity Framework Core
works; however, it is crucial to walk you through some basic concepts of
Object Relational Mapping, which is the foundation of Entity Framework
Core and similar frameworks.

Object Relational Mapping and Object-Oriented Programming (OOP) are
directly related concepts. The use of OOP is significant because the code
becomes closer to real-world concepts, becoming easier to understand and
interpret when any maintenance needs to be applied by developers. For
example, if we are developing a basic system to register Students, the
underlying simplified C# class for this student would look like as shown in
Figure 18.1:

Studentcs 2 X
e EntityFrameworkCoreConsole b 0&3Er':[i:;:Fr.'_-ir'r:'.—:-'.-.r-:_'uri.-:Cr_-rrf_-i:-:-:v_'-i'.:ui’-:-.'E-tudent

e EntityFrameworkCoreConsole
; Student

ing Name { get; set; }

iblic DateTime BirthDay { get; set; }

Figure 18.1: Student class



Note that this class is quite similar to how we would describe a student in the
“real world.” In a conventional coding routine, the full implementation of
this class may involve different methods for making the most basic
operations that an actual system would perform: list students, register
students, update students, and much more.

Almost all these operations require the developer to create an interface with
a database using C# or any other programming language based on the OOP
paradigm. For this, the developer would need, programmatically, to open a
connection with the database to perform basic operations and SQL
commands: SELECT, UPDATE, DELETE, and so on.

This is a pretty common scenario, and these operations may not be so trivial
as developers would need to write all the Structured Query Language
(SQL) instructions manually, write the C# code related to the classes and
databases operations, and parse manually the information brought from the
database to C# objects, populating it object property individually, mapping it
with database tables and columns, even database objects, and C# objects
don’t necessarily have a genuine correspondence. It is possible to say that, in
the context of a system that needs to manage Student data, the columns on a
database table would have the representation shown in Figure 18.2:

Student
Id Int Primary Key
Name varchar(100)
Email varchar(100)
Birthday | datetime

Figure 18.2: Student table

The columns for the database table are similar to the Student class
properties. Each database has its types: SQL Server, Postgres, Oracle, and so
on. Therefore, the representation of the student table may vary depending on



which database is used. However, although the properties in the C# class and
the table columns are almost identical, a developer would need to write a
relevant amount of code to connect to the database, get the table records, and
populate C# objects programmatically to integrate properly an enterprise
application built using the .NET platform and the database provider.

Additionally, extra database commands would need to be written and
referenced in the C# program to apply typical commands to handle data via
application: insert, update, and delete operations. Even for systems
considered small or with low complexity, the database integration might be
repetitive and exhausting work that may need to be applied hundreds or
thousands of times depending on the number of entities an application needs
to manage.

The challenge in this context is the incompatibility between C# classes and
database structure. Classes follow the object-oriented programming
paradigm and databases follow another approach, such as a relational or non-
relational model. Therefore, applications and databases are entirely different
things.

The market has a consolidated model to combine object-oriented
programming with relational databases to solve this problem: the Object
Relational Mapping (ORM) paradigm. As its name states, ORM is a
technique that facilitates the mapping between classes and relational
databases, allowing direct correspondence between them. Many ORMSs are
available in the market, like Hibernate, Entity Framework, and Dapper for
the .NET platform.

There are pros and cons to using ORM tools in general, and the discussion
around this topic remains open after many years, mainly in terms of
performance. When an ORM is used, the developer transfers the definition
of database queries to the ORM. The ORM might not perform complex
operations well when aggregation and other commands involve many nested
database calls. However, if the use of ORMs is combined with a good
understanding of relational database queries, there is a good chance of
satisfactory performance for most scenarios.

Entity Framework Core

Entity Framework Core is the most popular ORM used by .NET developers.
The tool is open-source and maintained by Microsoft and contributors from




the community. Microsoft released the first version of Entity Framework in
August of 2008, part of the .NET 3.5, while Visual Studio 2008 was
launched. The first versions were called only “Entity Framework” and not
Entity Framework Core, as a re-branding happened after Microsoft released
the .NET Core 1.0.

As any ORM has the purpose of correlating classes and tables, there are two
ways to achieve that using Entity Framework Core, as follows:

e Code first: In this model, the C# classes are created first, and the
composition of the classes is used to generate the database structure.

e Database first: It is possible to reverse the database structure and
create the C# classes following the definition present in the database
structure.

In the context of this book, the code-first approach is used along with all the
code samples in the following sections. To demonstrate the creation of a
database via code using Entity Framework Core, imagine a hypothetical
scenario where you have to build an application to store customers using C#
language. For this, it is fundamental to define two main things:

e Customer class in a C# project
e Database with the underlying table

In the Code first approach, the first thing that needs to be done is the
Customer class. In a simplified way, this class would look like Figure 18.3:



Customercs & X

- Y% EntityFramewaorkCoreBPE.Customer

EntityFrameworkCoreBPB

t; set; }
ing Name { get;
ic string Address { get;

ic DateTime BirthDay { get;

Figure 18.3: Customer class

For this example, a simple Console Application in C# can be used to test the
Entity Framework configuration and database interactions. After creating the
Console App in Visual Studio, install the following NuGet packages
presented in Figure 18.4:

Browse

kCore.S5qlServer
OV ity

ner Microsoft.EntityF
[ A

Entity Framey “ore Taols for the MuGet Paddag

rameworkCore.Tools

g

Figure 18.4: NuGet packages for Entity Framework Core

After installing the packages and creating the Customer class in the Console
project, it is necessary to configure Entity Framework to target a specific



database. Entity Framework Core uses the concept of Migrations, which are
descriptive database instructions written in C# to allow developers to check
the structural changes that Entity Framework will apply to the database
itself, following the C# models configuration that is specified by the
application as part of the Entity Framework context.

The Entity Framework Core package contains a bbContext class that can be
used to specify details on the application classes that the ORM should
consider to map to database objects. Therefore, you have to create the
underlying bDbContext for the sample project, referring to the Customer
class, as shown in Figure 18.5:

Wontextcs & X
ityFrameworkCoreBPB - @ EntityFrameworkCoreBPB SystemCantext

ng Microsoft.EntityFrameworkCore;

namespace EntityFrameworkCoreBPB

aystemContext

ic Syzjemipn;cx;fﬂbiuntcxtﬂptiunz Upticns] - }Juufnptiunsj

lic EyﬂﬁEﬁanL?;Ff) : base

c DbSet=<Customer> Customers { get:

Figure 18.5: SystemContext class

As seen in Figure 18.5, a SystemContext class inherits from the pbContext
class, having a single property to represent a bbSet for the Customer class.
This configuration makes explicit to Entity Framework the intention of
mapping the Customer class with a database table. The bbset class from the
Entity Framework Core package allows us to manipulate the data using
LINQ queries. It contains methods to add, update, and delete customers from



the database as well, converting LINQ queries automatically to database
commands.

The application must be configured to point to a specific database containing
the sample application's customer table. In the context of this chapter, the
SQL Server Express version is being used, which is a free version available
for studying purposes. The connection string required for the database
authentication needs to be placed in the system context class within the
onConfigure that is overridden from the base bbContext class, as shown in
Figure 18.6:

Figure 18.6: Database connection configuration

As shown in Figure 18.6, line 16 specifies the database name, and line 17
contains the path to a local SQL Server Express database. To create the
example yourself, you have to replace the database path to your instance of
SQL Server, which could be a local installation or a database server
presented remotely.

Once you complete the database configuration, including creating the
Customer and System Context classes, you can run the command “add-
migration” followed by the name desired for the migration. This command
can be executed in the Package Manager Console panel and compares the
database structure with the models present in the SystemContext class. If the
database and underlying do not exist yet, the “add-migration” command
generates a file that contains instructions to create the related objects into the
database. Once you run the “add-migration” command, you should see the
result as shown in Figure 18.7:



ures: - All oy Default project  EntityFramewerkCoreBPE

PM> add-migration Initial

Build started...

Build succeeded.

To undo this action, use Remove-Migration.
PM> |

Figure 18.7: Add-migration command

After running the command, a Migrations folder is created, and it is visible
in the Solution Explorer, as shown in Figure 18.8:

Search Solution Explorer (Ctrl+g) Yo R
~ [ Solution 'EntityFrameworkCoreBPB' (1 of 1 proje
4 + EntityFrameworkCoreBPB

b & Nenendencies

4 5B Migrations

P+ CH 20220818175526 Initial.cs

b+ C® SystemContextModelSnapshot.c

P +C¥ Customer.c
+ C® Program.cs

b+ C# SystemContext.cs

Figure 18.8: Migrations folder

At this stage, the actual database is not created, only the migration routine
containing the specification to execute the underlying database script by
Entity Framework. Under the Migrations folder, you will see the migration
file containing the name given to the migration when the “Add-migration”
command is executed (Initial in this context), followed by the timestamp



regarding the exact moment the migration was generated. Figure 18.9 shows
what the migration file looks like:

0818175526 Initialcs & X

o 0@Erﬁ.it';.'F:'.:ﬂ‘rw.-vu:-r‘ oreBPE. Mit

[}
1

| Up(MigrationBuilder migrationBuilder)

migrationBuilder.CreateTable(

name: "C 7

columns: t

i
Id = table.Column<int nullable: false)

JAnnotation(”"Sq

Name = table.Column< ¢ . nullable: false],
Address = table.Column< (typ ", nullable:
BirthDay = table.Column=DateTime>(type 2", nullable:

7

constraints: table =>

{
table.PrimaryHey("PH_Customers"

1

| Down{MigrationBuilder migratiunﬁuildér}

migratiunﬂuilder.ﬂrupTahlE{
name: "Customers");

Figure 18.9: Initial migration

As seen in Figure 18.9, the createTable is called receiving as a parameter
the list of columns that need to be created in the database: ID, Name,
Address, and Birthday. The Entity Framework is smart enough to correlate
the C# types with the database field types. It is possible to customize the
types for each property. Still, using the default types provided by Entity
Framework is the most common thing done by many companies over the
years and usually meets the most basic requirements for regular enterprise
applications. The migration file represents an opportunity for developers to
check what Entity Framework will execute in the database to see if the
proposed database changes represent the expected result.

Once an Entity Framework migration is created, you can run the “Update-
database” command on the Package Manager Console, which will
effectively apply the changes to the database, creating the necessary objects



or modifying existing ones if a migration is referring to an existing database
that requires changes. After the “Update-database” command is executed, a
successful message should be presented in the Console, as shown in Figure
18.10:

Par source; [All - f‘é} Default project:  EntityFrameworkCoreBPB

PM> update-database

Build started...

Build succeeded.

Applying migration '20220818175526 Initial’.
Done.

PM>

Figure 18.10: Update-database command

After running the “update-database” command, the underlying objects are
created in the database, as can be seen in the SQL Server Management
Studio or any tool you have available to manipulate databases directly, as
shown in Figure 18.11:



Chject Explorer
Connect = Y x* O A

=R} FntityFrameworkCoreBook
= Tables

= System Tables
FileTables
o External Tables
= Graph Tables
+ B dbo._ EFMigrationsHistory
= B dbo.Customers

[

= = Columns
= |d (PK, int, not null)
B Name (nvarchar(max), not null)
B Address (nvarcharimax), not null)
B BirthDay (datetime2(7), not null)

Figure 18.11: Database creation

The database “EntityFrameworkCoreBook” was created, respecting the same
configuration presented in the database connection configuration on the
SsystemContext class. Additionally, the Customer table was created based on
the class properties, with the ID property as the Primary Key. Suppose no
explicit primary is specified in the C# class. In that case, the default
configuration for Entity Framework assumes that if the class has a property
called “ID,” that can be considered as the primary key for the corresponding
table.

Considering the “Database first” approach is being used, any changes in the
database structure must be done via code, including creating new tables,
columns, and other objects. To test how Entity Framework handles database
changes, you can create an extra property called “DocumentNumber” in the
Customer class, as shown in Figure 18.12:



Customer

Figure 18.12: Document number property

In this case, as the database table and the Customer class are no longer
compatible, a new migration must be created to contemplate this change. If
you run the “Add-Migration” command again, you will see that a new
migration is created, referring to the column change for the bocumentNumber
property. If the Entity Framework command succeeds, the result on the
Package Manager Console will look like Figure 18.13:

Packege Manager Console

Package source: Al ¥ | Default project:  EntityFrameworkCoreBPB
PM> add-migration CustomerDocumentNumber

Build started...

Build succeeded.
To undo this action, use Remove-Migration.
PM>

Figure 18.13: Add-migration for Document Number

Every time the migration is created, a new file is generated under the
Migrations folder, containing details on the changes, as shown in Figure
18.14:



ace EntityFrameworkCoreBPE.Migrations
1ss CustomerDocumentNumber : Migration

id Up(MigrationBuilder migrationBuilder)

migrationBuilder.AddColumn<string>(
name: "DocumentNumber",
table: " : i

type:
nullable:

void Down(MigrationBuilder migrationBuilder)

migrationBuilder.DropColumn(
name: "DocumentNumber"
table: "Customers"

Figure 18.14: Migration for Document Number

All the migrations have two principal methods: Up and Down. The first one
is the actual operation to apply the necessary changes and the second method
is to roll back any changes if the database needs to go back to the previous
state. Therefore, the Down method has the opposite operation compared to
the Up method. Remember that after the creation of migrations, you need to
run the “update-database” command to apply the actual changes in the
database.

Entity Framework Core allows us to create more complex database
structures involving multiple tables with various types of relations between
them:

e One-to-one

e One-to-many

e Many-to-many

These types of relationships between tables are essential for an efficient
database model. These relations can be specified at the code level by



creating relations between the C# classes. To have a more complex example,
imagine the following database model demonstrated in Figure 18.15:

Id (PK)
MName

Customer
e

Id 1 {PK
Id (PK) Nam{e )
Categoryld (FK) p— Address
Nafme Birthday
Price DecumentNumber
&

\d PK) i

Customerld (FK)

Productld (FK)

Figure 18.15: Database model

In the database model proposed, a Product table is associated with the
Category table, as a product must have a category. On the other hand, the
Order table represents a many-to-many relationship involving the Product
and Customer tables. This model is particularly useful to demonstrate how
we can specify these same relationships while creating C# models used by
Entity Framework Core.

To translate this model to a C# class representation, create a Category class
in your project, as shown in Figure 18.16:



Category.cs & X

[c#] EntityFrameworkCoreBPB o al.'ﬁ EntityFrameworkCoreBPE.Category

> EntityFrameworkCoreBPB

Figure 18.16: Category class

Note that the properties for the Category class are similar to the columns for
the Category table in the proposed model. The next step is to create the
Product class, following the exact representation of the Product table, as
shown in Figure 18.17:

# X
&) EntityFrameworkCoreE PB + g EntityFrameworkCoreBPB. Product
{=namespace EntityFrameworkCoreBPB

55 Product

b;isets §

tring Name { get; set;

al Price { get;

nt Categoryld { get; set;

Category Category {

Figure 18.17: Product class

For the Product class specification, there is a property called “categoryId”
and another from the Category type. The Entity Framework will use these
two references to correlate the two entities (Product and Category), create a



Foreign Key in the database for the Product table, and refer to the Category
table.

For the Order model, the process is similar: a reference to the Customer and
Product models needs to be present, as shown in Figure 18.18:

Ordercs & X
%] EntityFrameweorkCoreBPB * ongnr.it},ﬂFr ameworkCoreBPB. Order
[ ace EntityFrameworkCoreBPB

int Id { get; set:
CustomerId { get; set;
Customer Customer { get; set;

int Productld { get; set;

ic Product Product { get; set;

Figure 18.18: Order class

After creating all the classes, it is necessary to create the underlying
properties in the SystemContext class for the new classes recently created:
Product, Category, and Order, as highlighted in Figure 18.19:



EntityFrameworkCoreBPB
sing Microsoft.EntityFrameworkCore;

-2 EntityFrameworkCoreBP2

istomer® Customers { get: set:
Product®> Products { get;

v> Categories { g=t;

bSet<Orders b;#epﬁ f get:

4 OnConfiguring(DbContex

ing databaselame
ing conn = §"

optionsBuilder.Use erver{conn);

2. OnConfigoring (optionsBuilder)

Figure 18.19: SystemContext changes

Considering all the relevant classes are already created at this stage, and the
necessary changes to the SystemContext class were already applied, the next
step is to run the “Add-migration” command again and check the result in
the database structure. After running the command, you should see a
migration file with a specification of the three new tables, including the
configuration of the foreign keys involving the relevant tables, as shown in
Figure 18.20:



migrationBuilder.CreateIndex(
name: "IX_Orders_CustomerId",
table: "Orders",
column: "CustomerId"):;

migrationBuilder.CreateIndex(
name: "IX_Orders_ProductId",
table: "Orders",
column: "ProductId");

migrationBuilder.CreateIndex(
name: "IX_Products_CategoryId",
table: "Products",
column: "CategoryId");

Figure 18.20: SystemContext changes

If the migration was generated with the expected changes, you could apply
the changes to the database by running the “update-database” command one
more time. At this point, all the necessary database objects for this example
are already created, and it is possible to start manipulating data using Entity
Framework.

The pbContext class contains methods to add, update, and delete records
from the database. To add a new entity into the database via Entity
Framework, you can populate an object and use the related DbSet to access
the pbcontext methods for the class, including the Add method, as shown in
Figure 18.21:



sing EntityFrameworkCoreBPB;

Customer customer = new Customer();
customer.Name = "Customer test";
customer.BirthDay = new DateTime(1987, 01, 01);
customer.Address = "Test street at Test city",;
customer.DocumentNumber = "1234567";

SystemContext systemContext = new SystemContext();

systemContext.Customers.Add(customer) ;

systemContext.SaveChanges();

Figure 18.21: SystemContext changes

As highlighted in Figure 18.21, a Customer object is populated, and a new
instance of SystemContext class is created to allow operations regarding
customer entities in general: add, update, or delete. After placing this code
into the Program.cs file, execute the Console application. You can verify
that a new record is generated in the database in the Customer table, as
shown in Figure 18.22:

=|SELECT TOP (1@ee) [Id]

, [Name]

, [Address |

, [BirthDay]

, [DocumentNumber]
[

FROM [EntityFrameworkCoreBook].[dbo].[Customers]

150 % ~
i Results gl Messages

[d Hams Address Burth Day Dacumerturmber
1|1 | Customertest TeststrestatTestcity 1987-01-01 00:00:00.0000000 1234567

Figure 18.22: SystemContext changes



Entity Framework encapsulates many complexities involving database
operations: connection, transaction, commits, and other relevant operations.
As demonstrated for the Add method, a similar process can be done to
remove records from the database and update entities. The way is the same
by calling the underlying method.

LINQ

LINQ stands for Language-Integrated Query, one of the most valuable
features in C# language to manipulate Lists and other data structure types.
Entity Framework Core uses LINQ as a wrapper to build the database
queries. Therefore, C# developers can specify complex database queries
only using C# language and object-oriented programming paradigms.

Continuing with the example given in this chapter on the Product, Customer,
Order, and Category classes, it is possible to get information from the
database only specifying LINQ queries associated with the bbSet objects for
each entity. For instance, the LINQ query demonstrated in Figure 18.23
shows how to retrieve from the database the customer that has ID number
one:

using EntityFrameworkCoreBPB;

SystemContext systemContext = new ﬁyst@mimntext(];

customer = systemContext.Customers
Where(x => x.Id == 1)
.FirstOrDefault();

Figure 18.23: LINQ query

In this example, the Where method is being used, and a lambda expression is
passed as an argument to determine the query's condition. The
FirstorDefault method means that a single record should be returned from
the query, and a null Customer object should be returned if the query does
not match any results from the database. Entity Framework Core translates
the LINQ queries to database queries, facilitating the integration between the
application and the database.

Furthermore, extra database operations can be specified using LINQ, such as
ordering, aggregation, and much more. The following example in Figure



18.24 demonstrates how to retrieve a list of customers from the database,
ordered by customer name:

SystemContext systemContext = new SystemContext();

List<Customer> customers = systemContext.Customers
.OrderBy(x => x.Name)
.ToList();

Figure 18.24: LINQ query for Lists

Regular database queries in real systems involve a relevant number of
database queries using INNER JOIN, LEFT JOIN, and RIGHT JOIN
clauses. Entity Framework Core allows us to create the same commands
using LINQ), as represented in Figure 18.25:

YHusing EntityFrameworkCoreBPB;
ng Microsoft.EntityFrameworkCore;

SystemContext systemContext = new SystemContext();

= systemContext.Products

.Include(x=> x.Category)
.ToList();

Figure 18.25: Inner Join using LINQ

The Include method can be used to make inner join sentences for LINQ
queries. In the last example, the query returns a list of products with the
category property populated. A database query would represent a SELECT
statement in the product table with an inner join statement to the category
table.

LINQ is a productive feature in C# to manipulate objects, lists, and other
types of data structure, allowing developers to be focused more on
programming language than SQL statements. This feature applies to Entity
Framework Core and C# language in general. If LINQ statements are used in
the context of a DbSet object, commands to the database will be applied. If



no Dbset is involved, it will represent only the application's data
manipulation in memory. There are a considerable number of operations that
can be done using LINQ. The purpose of this book is to give you awareness
of this feature. For more detailed information, please consult the official
documentation.

Conclusion

In this chapter, you had the opportunity to learn the most basic concepts of
Entity Framework Core, including a practical exercise on integrating a
simple Console application to a SQL Server database by applying the Code
First approach and LINQ statements.

Entity Framework Core is one of the most used features in .NET
applications, as most enterprise systems communicate with one or multiple
databases. The performance of queries generated by Entity Framework has
improved on each .NET release, having its prime in the .NET 6 release.
Therefore, learning more deeply about this vital framework is key to a more
productive development process using this powerful ORM.

In the next chapter, you will learn relevant general good practices for .NET
applications.

Points to remember

e LINQ is a language that allows us to query C# objects.

» Entity Framework Core is the most famous and used ORM of the .NET
platform.

e The Code First approach states that migration needs to be created after
any model changes that involve database tables.

e Combining LINQ and Entity Framework as a wrapper for SQL
commands is possible.

Multiple-choice questions

1. Which alternative represents a false statement for Entity
Framework Core?

a. It is compatible only with the SQL Server database.



b. The framework allows us to generate the database via C# code.
c. Inner join can be applied in Entity Framework by using the
Include method.
2. Which class needs to be used to create DbSet properties?

a. LINQ

b. System.Collections.Generic.List
c. DbContext

d. None

3. Which method is not supported by the DbSet class?

a. Add

b. Delete
c. Update
d. Commit

Answers

l.a
2.¢C
3.d

Questions

1. Explain what ORM is.

2. Using the code samples of this chapter, create a new product using
Entity Framework methods.

3. Create a LINQ statement that returns all the products, starting with the
letter “A.”

Join our book’s Discord space

Join the book’s Discord Workspace for Latest updates, Offers, Tech
happenings around the world, New Release and Sessions with the Authors:
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CHAPTER 19
Good Practices for .NET Applications

Introduction

Given that you are already familiar with the basic concepts and capabilities
of the .NET platform, it is essential to understand good software
development practices using this technology to take the maximum benefit of
NET in terms of performance, maintainability, and scalability.

Learning good practices of .NET development will allow you to create
robust logging systems based on events, high-performance applications, and
excellent reliability in terms of error handling for enterprise applications.

This chapter will cover the essential aspects of logging, dependency
injection, tips for application performance, and a more detailed explanation
of how to implement good error handling for your .NET applications

properly.

Structure

In this chapter, we will discuss good practices applicable to .NET
applications, such as the following:

e Dependency injection
e Logging

» Performance

e Exception handling

Objectives

After studying this unit, you should be able to include logging as part of the
software development strategy. You will learn how to monitor production
environments using logging and how to apply dependency injection. You
will also learn to apply performance enhancements for existing .NET




applications and you will understand the principles of error handling in .NET
applications

Dependency injection

It is known in software development that if a class has too many
dependencies on other classes, it is usually a sign that the project is harder to
maintain. It has more potential to have more bugs included over time. A high
level of coupling between classes violates some sound principles of software
development, such as the Single Responsibility Principle (SRP), and it
makes the automation of tests something challenging as it is more difficult to
mock external resources or even other classes during the test automation
(unit and integration tests).

Dependency Injection minimizes the coupling issue as it is a technique that
reduces the dependency between classes. If a class needs to use an object
from another class type, the creation of this external object is separated from
the class that is consuming it, decoupling usage from creation. This practice
increases the reusability of classes and minimizes the number of times a
class needs to change over time, possibly replacing dependencies over time
without having to change anything in the class that is consuming an object.

The use of Dependency injection can be achieved by correctly using
interfaces to pass or transfer objects between classes. If an interface is
referenced and not a concrete class, it gives us more flexibility as the classes
involved would rely only on the contract established by the interface.
Therefore, the primary goal of dependency injection is to remove the high
dependency between classes by having a flexible data flow in terms of
objects across the system when classes need to reuse objects from other
classes.

As an example of dependency for C# classes, imagine you have a scenario
where you have a flight ticket booking Website. This Website has an
integration with air company services to register the booking. In a simplified
scenario, you could have the following Booking Order class, as shown in
Figure 19.1:



- ':*[:..1 3 M

» BPBEBookChapterl9.Models

155 BookingOrder

t CustomerNumber { get;
-”l.',.‘.latn.'.-Tinn.'-.- Date { get; set; }
. tring? AirportOrigin { get; set; }
tring? AirportDestination { get;

lecimal Price { get; set; }

Figure 19.1: Booking Order class

Simulating a real scenario for a booking system that has to communicate
with external services, it is very common to have a manager class to separate
the application's logic from the necessary implementation to establish
communication with the external service. Given that the simulation would
have the Booking Manager class, as represented in Figure 19.2:

BPEBocokChapterl®.Models

g> SendBoocking(BookingOrder bookingOrder)

r bookingSender iew Booking der();
return await bookingSender.Send gnc[buuhingﬂrdur];

Figure 19.2: Booking Manager class

In this example, the Booking Manager class has a method called
“sendBooking,” which refers to the BookingSender class responsible for
sending the request to the external air company service. The implementation



of the Booking Sender class looks like Figure 19.3 for demonstration
purposes:

» 4% BPEBookChapter19.Models.Bookings

] System. Text;
System_ Text.Json;

BPBBookChapterl?. Models

WLty ient httpClient

> SendAsyncl{BookingOrder bookingOrder)

*{bookingOrder);
UTFE&,
I FeIpOnNSE httpClient . PostAsync(”

stringContent);

return response.Content.ReadAsStringAsync().Result;

Figure 19.3: Booking sender class

The Booking Sender class receives a Booking Order object, serializes the
order to a JSON object, and sends it to the external air company service via
an HTTP request. The endpoint on line 20 is fictional just for studying
purposes.

Given the three classes demonstrated so far, there is an explicit dependency
between the BookingManager and the BookingSender classes, making the
maintainability of these classes compromised as any extension or change to
the requirements would directly affect both classes. Imagine you have a
scenario or a new request to introduce a new air company service that is not
handled by the BookingSender class. In that case, you would need to create a
new BookingManager class to refer to the new type of air company service.
This coupling increases complexity and makes the code not reusable or safe
from interference over time. This is precisely the problem that Dependency
Injection is meant to solve.

The .NET platform contains a built-in feature that simplifies the
implementation and use of Dependency Injection by having the concept of



an IoC Container. This framework implements automatic dependency
injection, managing the lifecycle of objects and abstracting the injection of
classes across the application. The [oC Container contains the following
features:

e Registration is the definition of the types of objects that the
application must create and inject in all the necessary instances.

* Resolution is the actual injection of objects via constructor
automatically across the application

e Disposition is managing the lifetime of the dependencies being
injected across the application.

To refactor our Booking Service example to use dependency injection, the
first that needs to be done is to abstract the Booking classes to implement
interfaces. Therefore, the BookingSender class needs to have an interface, as
shown in Figure 19.4:

~e BPBBookChapterl9.Models

face IBookingSender

Task<string> SendAsync{Booki er bookingOrder);

Figure 19.4: Booking Sender interface

As the idea is to abstract all the dependencies, the Booking Manager class
must have an interface as well, as demonstrated in Figure 19.5:

ChapterTS.Maodels. |BookingManager

ace IBookingManager

string> SendBooking(E ingOrder bookingOrder);




Figure 19.5: Booking Manager interface

As we already have the underlying interfaces for the Booking classes, the
next step is to force the concrete classes to implement those. Therefore,
change the BookingSender class to implement the related interface, as
highlighted in Figure 19.6:

ngSender : IBookingSender

er()

ient httpClient = new HttpClient();

¢¢string> SendAsync(BookingOrder bookingOrder)
: iz >(bookingOrder);
rar stringCont i ent(] -UTF8,

"application/j

ar response = await httpClient.PostAsync("https://externalservice.con”
stringContent);

return response.Content . ReadAsStringAsync().Result;

Figure 19.6: Booking Sender interface implementation

The same thing needs to be done for the Booking Manager class, forcing the
implementation of the new interface, as shown in Figure 19.7:

ss BookingManager : IBookingManager

ng> SendBooking(BookingOrder bookingOrder)

= new BookingSender();

it bookingSender.SendAsync(bookingOrder);

Figure 19.7: Booking Manager interface implementation



The Booking classes already implemented the related interfaces; however,
this does not reduce the dependency between the two classes per se as the
Booking Manager class still directly refers to the concrete Booking Sender
class. To solve this issue, the Booking Manager class needs to receive the
Booking Sender object in the constructor, mandatorily, but referring to the
interface and not the concrete class, as shown in Figure 19.8:

- ":'1:',‘ BEPEBookChapter19 Models. BookingManager
= BPBBookChapterl9.Models

155 Bookingh jer : IBookingManager

Ly IBookingSender _bookingSender;

lic BookingManager(IBookingSender bookingSender)

_bookingSender = bookingSender;

}

c Task<string> SendBooking(BookingOrder bookingOrder)

t _bookingSender.SendAsync(bookingOrder);

Figure 19.8: Dependency injection for Booking Manager

As seen in Figure 19.8, the Booking Manager class no longer creates an
instance of the Booking Sender class, with the dependency being handled by
the class constructor. With these simple changes, there is no direct
dependency between the two classes, being possible to change the Booking
Sender class without directly affecting the Booking Manager class.

As the dependency between the two classes was already resolved, the next
step is configuring the application to use the default Dependency Injection
feature from .NET. For this chapter, an Asp.Net Core Web API project was
created, targeting to .NET 6 version to demonstrate the registration of
injection of dependencies. In this case, you need to configure it on the
Program.cs file, as highlighted in Figure 19.9:



using BPBBookChapterl9.Models;

var builder = WebApplication.CreateBuilder(args):

builder.Services.AddControllers();
builder.Services.AddEndpointsApiExplorer();
builder.Services.AddSwaggerGen();

builder.Services.AddScoped<IBookingSender, E
builder.Services.AddScoped<IBockingManager,

i app = builder.Build();

2if (app.Environment.IsDevelopment())
{

app.UseSwagger();
app.UseSwaggerUI();
I3

app.UseHttpsRedirection();

Figure 19.9: Registration of dependencies

Note that the AddScoped method was used to determine the lifetime of the
dependency. In this case, it will follow the lifetime of a request in the Web
API. There is a possibility of using the Addsingleton method to determine
that all the requests will get the same object instance. You have to use what
is more suitable based on functional and non-functional requirements for
your application. The last thing that needs to be done in the context of the
Web API is to refer to the Booking Manager interface at the Controller level,
as shown in Figure 19.10:



- {‘If‘ EPBBookChapter19 Controllers. BookingController

g BPBBookChapterl9.MWodels:
ing Microsoft.AspNetCore.Mvc;

1ce BPBBookChapterl9.Controllers

n'--'|"]
ntroller]")]

ass BookingController : Controller

lonly IBookingManager _bookingManager:

lic BookingController(IBookingManager bookingManager)

_bookingManager = bookingManager;

tring> RegisterBooking(Book ler bookingOrder)

t _bookingManager.SendBooking(bookingOrder);

Figure 19.10: Booking Controller

This Booking Controller receives in the class constructor a Booking
Manager object from any class that implements the IBookingManager
interface as we registered in the Program.cs file the Dependency Injection
of the same interface. Every time an instance of this Controller is created,
the IoC Container automatically passes a Booking Manager object to the
Controller. The same happens with the injection of the Booking Sender class
into the Booking Manager class. There is no need to pass the instance of
these classes programmatically, as the .NET applications already take care of
that based on the configuration of the Program.cs file.

Logging
Logging is one of the most important non-functional requirements in any

software project. It helps to figure out problems in production environments
and gives us useful information on how the application runs. Implementing a



good logging system will provide valuable data for troubleshooting when an
error happens in production, reducing the time and costs of the investigation.

The native logging option for the .NET application uses the ILogger
interface from Dependency Injection. This is added by default in various
types of projects in the .NET platform, including Web APIs, as you can see
highlighted in Figure 19.11:

ILogger<CustomerController> _logger:;

troller(Ilogger<CustomerController> logger)

_logger = logger;

ast")]

¢ IEnumerable< etCustomers()

_logger Ll:lginFl:lrr'.atir}r:l:"?-."'_--: t Customers method was executed at : {DateTime.UtcNow} 3r

Figure 19.11: Logging interface

A more general setting for the logs in the application can be placed in the
app settings file, determining the level of logging that is desired for the
application in general, as shown in Figure 19.12:
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"LogLevel": {
"Default": "Information",

"Microsoft.AspNetCore": "Warning"

}

5,

"AllowedHosts": "*x"

Figure 19.12: Logging configuration

The LogLevel property determines the minimum level that is applicable for
the categories associated with the log and its servers to indicate the severity
of the log, having the following options to use:

e Trace

e Debug

e Information

e Warning

e Error

e Critical

e None
Based on the LogLevel defined, this feature is enabled in the application

respecting this as the minimum level used, being possible to specify different
values for this property for Debug or Release modes.

Performance

Good application performance depends on various factors, such as
infrastructure, programming language, software architecture, workload,
database, and many other components. Despite some common factors that




would apply to any technology for software development, the .NET platform
has good practices that contribute to a better performance of enterprise
applications.

One of these practices is the correct use of asynchronous methods across the
application, including Controllers for Asp.Net Core applications, Entity
Framework Core operations, and much more. If the async keyword is not
used in any method during a request, the server's main thread is locked,
decreasing the performance for new requests to the server. As operating
systems and modern servers support multiple cores for CPUs, using multiple
threads by the application is crucial for performance in general.

As seen in Figure 19.13, once a method is marked as async, the await
operator needs to be used in combination when another async method is
called in the tree of events:

ync Task<string> RegisterBooking(BookingOrder bookingOrder)

it _bookingManager.SendBookingAsync(bookingOrder);

Figure 19.13: Async method

Some native implementations within the .NET platform already use async
methods by default to maximize performance. One good example of that is
the manipulation of Stream objects. Since .NET Core, it is mandatory to
parse and manipulate Streams asynchronously.

Another critical point regarding performance for .NET applications is the
correct use of HTTP client objects. Even though HttpClient has an
implementation of an IDisposable interface to clean the memory after its
use, instances of HttpClient may leave socket connections open in the
server for longer than desired. Each server has a limitation on the number of
socket connections available; therefore, the lifetime for HTTP Client
connections is essential for the server's performance. To remediate this
problem, you can use an HttpClientFactory object via Dependency
Injection to reuse the same HttpClient across the application to multiple
requests, being the Singleton Scope suitable for most cases when the
HttpClientFactory is registered on the services for Dependency Injection.



Exception handling

One of the most important aspects of any application is the level of
reliability to final users or any consumer of the application. Preventing the
app from crashing is not a trivial task in software development. The solution
is related to how we implement Exception Handling in the application.

Therefore, use try/catch blocks in all the parts of the application that can
cause errors and use custom exceptions to determine how the application
will behave for each type of exception that may occur during the execution
of the application. In this case, a combination of Exception Handling and a
good Logging system is crucial to catch all the needed information to
improve the software over time and actively investigate issues in Production
environments.

Conclusion

In this chapter, you had the opportunity to learn basic concepts to apply
general good practices for .NET applications, including logging, exception
handling, dependency injection, and performance enhancements.

In the next chapter, you will learn the most common architecture patterns
used for enterprise .NET applications.

Points to remember

e Dependency Injection uses the default IoC Container feature in .NET
applications.

e It is possible to determine the lifetime of a dependency when it is
registered in the application services.

e [t is recommended to use logging from the beginning of any project.

e The correct use of async methods is one of the essential practices that
helps any project to have a good performance.

Multiple-choice questions

1. Which alternative represents a false log level for .NET
applications?



a. Trace
b. Warning
c. Release
d. Critical
e. Debug
2. Which interface is used by default for logging in to the .NET
platform?
a. Application Insights
b. ILog
c. None
d. ILogging

Answers

1l.c
2.d

Questions

1. Explain what Dependency Injection is.

2. Using the code samples of this chapter, create a new implementation of
the IBookingSender class, injecting the class via Dependency Injection.
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CHAPTER 20

Architecture Concepts for NET
Applications

Introduction

Developing a robust application is challenging as it involves definitions of
software architecture, including particular decisions around the application's
platform, such as web servers and mobile or desktop devices. The .NET
platform has established good practices for software architecture decisions
over the years.

Learning good software architecture practices for .NET applications will
allow you to properly understand the platform's capabilities. It will also
allow you to build robust and scalable enterprise applications with a higher
probability of success.

This chapter will cover the essential aspects of software architecture for
NET applications, including good practices around Cloud apps, Asp.Net
Core applications, and DevOps, showing options to modernize existing web
applications.

Structure

In this chapter, we will discuss the following good software architecture
practices applicable to .NET applications:

e Architecture practices for web applications

Cloud applications

Concepts of DevOps

Introduction to microservices in the .NET platform

Design pattern concepts



Objectives

After studying this unit, you should be able to modernize existing web
applications to be compatible with cloud infrastructure. You will have a
better understanding of resources on Azure for .NET applications. Also,
you will understand the basic principles of microservice architecture
involving the .NET platform.

Architecture practices for web applications

A good architecture for any web application involves aspects of scalability
and costs regarding infrastructure directly and hosting in general. The
application must be kept simple enough to support the business needs,
facilitate maintainability, and provide modern deployment methods using
automation tools. Moving legacy applications to a cloud infrastructure
greatly benefits achieving these goals. It does not necessarily represent a
significant need for re-design or re-architecture of the application itself.

Migration to the cloud

There are many strategies for the migration of application infrastructure to
the cloud. In many cases, it might be convenient to replicate on the cloud a
similar infrastructure that an application may run against in on-premise
environments. It can be easily achieved by creating virtual machines of
similar configuration on Azure. This approach may be an excellent first step
in cloud migration, as it does not involve changes to the application itself.
Still, the application will be hosted only with a change on the servers.

However, in the cases where a more modern and scalable approach is
required, there is a possibility of hosting the web application on the Azure
App Service, which follows the concept of Infrastructure as a Service
(IaaS), facilitating the management of cloud infrastructure by taking the
benefits of auto-scaling configuration presented on the Azure App Service.
This model may involve some level of coding changes to the application to
be compatible with this type of cloud infrastructure. It is an excellent
alternative when the application can be deployed in Docker Containers.

A more complex migration to the cloud would involve the re-architecture of
the application to use the concept of Cloud-Native applications, which



involves the use of serverless microservices (Azure Functions), Azure
Kubernetes, and other cloud resources that require a total change of the
application architecture to be compatible with this scheme.

Azure App Service is the most common hosting service available on the
Microsoft cloud platform to host web applications and jobs. In the context
of Asp.Net Core applications, this cloud resource is compatible with the
possibility of mixing app configurations with infrastructure settings. In
terms of architecture decisions for Asp.Net Core applications in general,
migrating to the cloud may represent an excellent first step to modernizing
your web applications and taking advantage of scalability on the
infrastructure side.

Single Page Applications (SPAs)

In terms of web development for modern applications, there are two basic
ways to structure web applications in general: running the entire application
on the server side or splitting the responsibility of the execution between
the server and client (browser). There are pros and cons to each approach.
Still, in terms of performance, the use of Single Page Application
architecture has proven to be a perfect alternative as it allows the delegation
of a massive amount of processes to be executed on the client side, giving
the users a better experience and reducing costs of server infrastructure for
more complex projects.

Architecture decisions must support non-functional requirements, such as
security, performance, scalability, and other factors. Therefore, choosing an
approach by running the application on the server side or mixing the
process between the client and server depends directly on the nature of the
application, such as:

e The complexity of the user interface

e Familiarity with the team with frameworks that support Single Page
Applications

e Security concerns in terms of the use of JavaScript by the web
application in the client

e Level of compatibility across browsers if the application is using
complex logic to manipulate the user interface



Suppose the application needs to be executed entirely on the server,
including the user interface. In that case, using the traditional Asp.Net
MVC project template might be helpful as it has been an established project
type over the last ten years in the market. Another good option, in this case,
would be using Razor pages, which runs all the processes exclusively on the
server and has a lighter template.

On the other hand, if the web application is suitable for the Single Page
Application architecture, there is a possibility of combining Asp.Net Core
Web API projects in the backend with traditional JavaScript frameworks for
SPAs, such as Angular, React, and VuelS. The Visual Studio IDE contains
templates for Angular and React applications, and technical communities
and individual contributors become available templates for VuelJS.

Suppose your team does not have familiarity with JavaScript and
TypeScript. In that case, Blazor WebAssembly represents a great alternative
as this type of project allows C# developers to build Single Page
Applications using C# language instead of JavaScript. Blazor represents a
considerable innovation in the .NET platform as it allows the creation of
Razor components that can be shared across other Asp.Net Core
applications. It has a high performance in the browser as it uses
WebAssembly to execute C# language directly on the client side.

Cloud applications

As demonstrated in this book, .NET applications have high integration
capabilities with Azure and other Microsoft services as all these features
and resources are kept by the same company, following a standard process
to build SDKs and libraries. The definition of an exemplary architecture
plan for .NET applications involves decisions around the infrastructure
where the applications will be hosted, and cloud infrastructure became a
viable option for most cases.

Azure App Service and containers

It is possible to host web applications using Azure App Services, an
Infrastructure As a Service (IaaS) resource, keeping control of certain
aspects of the environment and configuration using containers. You can use
Docker images and deploy containers with pre-configured applications,




with automatic capabilities for scalability without significant setup effort.
The use of containers allows you to transition between different cloud
providers without making any changes in the application, representing a
considerable advantage in terms of costs and strategic planning for software
projects in general.

Serverless compute

The Azure platform allows the creation of serverless functions using C#,
NodelJS, Python, and Java, creating a model for scalability. Azure functions
is an excellent technology for running code, integrating with other Azure
resources, and managing data. Serverless architecture is suitable when there
is a need for automatic scaling and the functions' routines are used for
multiple projects.

Durable functions are a great alternative within Azure for more complex
tasks, as it allows long-running tasks by orchestrating multiple Azure
functions following a specified workflow.

Azure Kubernetes Service (AKS)

When a more complex architecture for .NET applications based on a
microservices approach needs to occur, using a container orchestrator is
vital to guarantee scalability without overhead in infrastructure
management. Azure supports Kubernetes (AKS) which is one of the most
popular tools for orchestrating containers.

Kubernetes is an open-source technology that facilitates deploying and
managing thousands of containers for large applications. It is compatible
with the idea of cloud-native applications, which consists in building
applications that would be compatible with all major cloud providers, such
as Microsoft, Google, and Amazon. Therefore, if your application runs
using containers and Kubernetes on Azure, it can be easily migrated to
other cloud providers without making significant deployment changes.

DevOps

Software development drastically changed over the last decade due to the
high complexity of the web, desktop, and mobile applications needed to



meet the demand of massive global users. The frequency of releases in the
Software As a Service (SaaS) model increased to have production
deployment multiple times a day without the downtime of the related
systems. This new model represents a considerable challenge regarding
Engineering processes and Release Management. It requires maturity in
automation and a clear understanding of software development techniques
that allow multiple deployments daily without compromising user
experience for critical systems.

In the context of this more complex environment for software development,
deployment, and release management, a well-established DevOps process
in any organization is critical to the success of major projects, as it is
strictly related to a high capacity of correction of production issues while
keeping a high performance of multiple applications, avoiding business
risks.

A good DevOps process involves an intense collaboration between
engineers, infrastructure teams, and the whole software organization. It also
involves using automation for tests, deployment, and release management.
Therefore, .NET applications must have an architecture that supports these
non-functional requirements regarding DevOps, which directly involves the
use of techniques to facilitate automation of a test running suit and
automatic deployment.

Using containerized applications is a good practice in terms of facilitating
deployment to different environments and avoiding extra costs and effort
related to infrastructure configuration. Consider using Docker containers for
your .NET applications as part of the early technical decisions for the
projects. For systems-based cloud architecture, it is essential to consider the
possibility of failure for any component part of the solution. For instance,
one of the services responsible for specific operations might fail due to
connectivity or other issues. In this case, the infrastructure architecture must
be resilient to provide alternatives in failures, such as auto-scaling,
redirection to another service, retry policies, and much more. Managing a
complex transaction for a microservices architecture is not a trivial task.
Many problems must be anticipated as part of the system design to support
a reliable and resilient solution for mission-critical applications.

Introduction to microservices




Microservices architecture is a complex topic that has been in discussion for
over a decade in the market, with debates around the best scenarios to use.
This book does not have the purpose of explaining this in detail
architecture. Still, it only intends to highlight the essential points to support
you in a general decision-making process around software architecture for
.NET applications.

This architectural model allows you to combine multiple specialized
services, independent from each other, organized by business requirements
with a loosely coupled approach between different applications. Imagine
you have a complex enterprise system to build, like an intranet for a
company with thousands of employees and many departments, such as
Human Resources, Finances, Sales, Recruitment, Engineering, IT
Operations, Quality Assurance, and much more. In this context, you can
create a single colossal application that will meet the needs of thousands of
users from different departments. This software approach is usually called
the monolith model.

In this context of having a single application, if a change is required in the
module used by one department, any release of the software may impact the
entire organization, as the multiple modules in the system share the same
infrastructure, which includes the application server, database, storage, and
other resources. Depending on how often an application needs to be
deployed to production environments, having multiple downtimes a day for
the entire company might represent a risk to the business and the software
engineering team's reputation.

To avoid these risks and adverse effects of keeping large systems as a single
extensive application for all departments in the company, it is possible to
split the same application into smaller ones, independent from each other,
which means that different applications would be hosted in different
servers. They would also have distinct databases, dedicated infrastructure
management in scale, backup policies, security, and much more. This may
represent a considerable challenge in coordination and management and
sometimes may not be cost-effective. However, it is a good approach when
a company is looking for an independently deployable capability for
different components in the system.

Given the nature of microservices architecture, the key technologies and
approaches that .NET developers can take to address complex problems



with this multi-application model. The most important one is the correct use
of Docker containers, which provides a cost-effective solution as it reduces
issues in deployments and effort in infrastructure configuration. Docker
containers became highly supported by all the big cloud providers in the
market, allowing an easy cross-platform transition.

Microservices have become the standard distributed system approach over
the last few years. A good strategy of cloud resources management is also a
key factor in the success of complex projects representing critical business
applications.

Design pattern concepts

Correctly using any Design Pattern in real projects requires a strong
background in object-oriented programming paradigm knowledge. Also, it
requires a deep comprehension of all the technical and business
requirements behind the project being built. The Design patterns used in the
market were defined to solve specific problems in software development.
Before using any of those, it is necessary to identify if the project has a
similar problem.

Some of the design patterns that are broadly used in the market use many
concepts related to the object-oriented programming paradigm, such as
interface, inheritance, polymorphism, abstraction, protection modifiers, and
other important concepts that directly affect the development of
components and a whole software project. Therefore, getting familiar with
all the object-oriented paradigms and SOLID principles is extremely
important.

Software development is a complex process that involves applying many
distinct techniques; being essential to get yourself familiar with the most
basic concepts of C# language until the use of advanced features becomes
natural daily. Most good practices in software development are common
sense among developers, including for projects built using the .NET
platform and C# language. Therefore, some good practices, such as the
SOLID principles, will be used in real projects. Still, they will not be
explicitly mentioned, and their identification will not be so evident in many
cases.



Simplicity must be the core of any project regarding technical aspects, and
the code should be readable and easy to maintain. Therefore, this should be
considered in the technical decisions when the project architecture is being
defined in a planning process. Design patterns and any other technique
represent solutions for specific problems and should be carefully used to not
include extra complexity in projects that may not require using them.

In specific scenarios, if the development team is not familiar with Design
patterns, in case of a project requires to use of a specific one, it is
recommended to ensure that all the developers in the team know the basic
concepts of the object-oriented paradigm, SOLID principles, and the design
pattern that needs to be applied in the project. Suppose the team is not
familiar with them. In that case, it is highly recommended to start a training
process to have all the developers on the same page, to work on the new
features, and follow all the recommended approaches when a design pattern
is used.

The complexity of software development increased exponentially in the last
few years because of all the requirements behind global projects, such as
social media, streaming platforms, online banks, and mobile entertainment
applications. All these kinds of applications have something in common:
they face considerable challenges in terms of scalability, being cloud-based
solutions, which means that the complexity of these projects is not only
related to programming language aspects but also in terms of software
architecture and infrastructure. Keeping any application as simple as
possible regarding coding and technical aspects is always a good approach.
A single project may have any extra concerns during the development
process, and simplicity, readability, and the correct observance of the
SOLID principles might represent the key to technical success for projects
in general.

Conclusion

In this chapter, you learned the basic architecture practices that are part of
the normal development of .NET applications, including microservices
architecture, containers, Kubernetes, Single Page Applications, and
considerations regarding Design patterns.

In the next chapter, you will be able to apply all the concepts learned in the
book by developing an enterprise application following a hands-on



approach.

Points to remember

e Microservices need to consider separate infrastructure for each
application.

e The use of design patterns requires maturity in the development team
on knowledge of object-oriented paradigms and SOLID principles.

e Docker containers became the standard approach for agnostic
deployment across multiple cloud providers.

e The .NET platform provides its Single Page Application (Blazor)
based on WebAssembly, which is an excellent alternative if the
development team is unfamiliar with JavaScript.

Questions

1. Explain in which scenarios the use of microservices architecture might
be suitable.

2. Based on your current knowledge of .NET and C# language, create an
Asp.Net Core application that supports the Docker container.

3. Why is DevOps important?

4. List which resources on Azure can be considered serverless computing
features.
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CHAPTER 21

Creating an Enterprise Application in
NET

Introduction

Building an enterprise application using the most recent .NET version and
following good software development practices is the best way to gain
experience and understand the platform's full capabilities.

In this chapter, you will get the opportunity to practice everything you have
learned since you started the journey from the beginning of this book. This
step-by-step approach will allow you to build an application from scratch
using Entity Framework, Blazor, Tests, and UI Frameworks.

Structure

In this chapter, you will get the opportunity to practice the following
concepts:

e Application requirements

Creation of the application
Creation of domain models

Entity Framework Configuration

Creation of a Business Logic layer
Creation of Front-end

Objectives

After studying this unit, you should be able to create simple enterprise
applications that involve front-end, back-end, and interactions with the
database using Entity Framework. Additionally, you will be capable of




structuring a suite of tests and separating the application into layers to
facilitate maintainability.

Application requirements

The main purpose of this chapter is to give you hands-on practice to
experience the most basic concepts mentioned and explained in this book,
including object-oriented programming paradigm, SOLID principles, Entity
Framework, LINQ, Blazor WebAssembly, and Blazor Server. This extensive
experience requires developing an enterprise application that is complex
enough to involve multiple classes, business logic, and a precise scenario in
terms of requirements.

Given that this chapter covers the development of an enterprise application
that meets the basic requirements for a logistic company responsible for
controlling information on container transport via maritime modals. This
involves the creation of the following entities:

e Container type: Identifies a single container by its name.
o Country: Registration of countries, including name and initials.

e Customer: Creating customers via application, including name,
address, country, and notes associated with each record.

e Port: Registration of ports, including name for identification and
country.

e Booking: The primary model of the application, which consists of an
embark date, arrival date, container type, and customer associated with
the booking.

Considering these five entities, the application must follow a similar
structure regarding classes, business logic, and controllers for the Web
application. Each model must have its corresponding database table, and the
entire data has to be managed by Entity Framework.

In terms of application architecture, it must be a Single Page Application
using Blazor Web Assembly, with the front-end making requests to the back
end via Web API requests. Each controller must be hosted in a Blazor Server
application, and all the application models must be shared across the front
and back end without having to rewrite any of them twice.



Creating the application

Using the most recent Visual Studio 2022 version, create a new Blazor
WebAssembly application using the default template available, giving any
desired name, as shown in Figure 21.1:

search fortemplates (Alt+5)

All platforms

Blazor WebAssambly App
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Figure 21.1: Blazor WebAssembly

Make sure you choose the Blazor WebAssembly project template. After this,
give a project a name. In this example, the name of the application is
BookingService, as shown in Figure 21.2:



Configure your new project

Blazor WebAssem biy App ¢ Lime  macOS  Windows  Blazor  Cloud  Web

Project name

{ BookingService
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Solution name @
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Figure 21.2: Project name

Blazor WebAssembly projects do not have back-end implementation by
default unless the Asp.Net Core Hosted version is chosen along with the
front-end application. This hosted version creates three projects in the
Solution: Blazor WebAssembly, Blazor Server, and Shared projects. The
Asp.Net Hosted option looks like the representation in Figure 21.3:
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Figure 21.3: Asp.Net Hosted

After confirming the creation of the application, the Visual Studio will show
a Solution that contains three projects, as shown in Figure 21.4:
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Figure 21.4: Booking Service Solution



These three projects are automatically created whenever the Blazor
WebAssembly application is created with the Asp.Net Hosted option. The
first project is the front-end one, the second project is the back-end, and the
third project contains the code that is usually shared between all the projects
in the Solution. In the context of this chapter, the Shared project will contain
the model classes used by Entity Framework in the back end and by the
forms and components in the front end.

Creating the models

As seen previously in this chapter, the scenario for the sample project
requires the creation of models to support the basic operations that will be
performed by a logistic company specialized in the transport of containers
via maritime modal. The container type is the first model that needs to be
created. Therefore, under the BookingService.Shared project in the
Solution, create a class called containerType, with the properties shown in
Figure 21.5:

ookingSenvice Shared.ContainerType

pace BookingService.Shared

Figure 21.5: Container Type class

For simplification reasons, the containerType class has only two properties
(ID and Name). All the namespaces are cleared, in this case from the class
file, as none of them is being used apart from the global System namespace
that is implicitly referenced for the entire project.



The next class is the Country one, which contains the properties ID, Name,
and Initials, which need to be also created under the Shared project, as
demonstrated in Figure 21.6:

- “@hock ngSenvice.Shared Country

space BookingService.Shared

ss Country

Figure 21.6: Country class

In this case, the Initials property will display the country's underlying flag on
the front-end side using a CSS library. And this country class is used as a
property in the Port model, which is represented in Figure 21.7:
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Country Country { get; set; 2w Country();




Figure 21.7: Port class

Remember that the Entity Framework will use all these classes in the project
to generate the corresponding database tables. For that reason, the property
CountryId is referenced in the Port model to represent the underlying
foreign key later on.

Similar to the Port model, the Customer class also has a reference to the
Country model, storing the fields 1d, Name, CountryId, Country, Notes, and
Active, as shown in Figure 21.8:

» /k% BookingService Shared Customer

ice BookingService.Shared

s Customer

I int Id { get; set: }

_ : N;:UHE { .:f:""'_" cat -

string Address { get; set;

ic int CountryId { get; set;
ic Country Country { get; set; new Country();
string Notes { get; set;

L Active { get; set;

Figure 21.8: Customer class

The Booking model represents the main model of the application, which has
reference to all the other models and has the following properties: Id,
CustomerId, Customer, ContainerTypeIld, ContainerType, EmbarkDate,
ArrivalDate, PortOriginId, PortOrigin, PortDestinyId, and
PortDestiny, as shown in Figure 21.9. Note that the Port class is referenced
twice in the Booking class, as the transport of the container involves two
locations: origin and destination.
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Figure 21.9: Booking class

Considering that all the models are already created in this stage, the next step
of our example is creating the Database Context class for Entity Framework,
which is explained in the next section.

Entity Framework configuration

As explained at the beginning of this chapter, this Booking Service project
will use Entity Framework to generate all the database objects and establish
all the basic CRUD operations in the system. The entire configuration for
Entity Framework will be done in the BookingService.Server project. First
of all, install all the packages related to Entity Framework Core, targeting
the same .NET version for the project, as shown in Figure 21.10:
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Figure 21.10: Entity Framework packages

All these packages allow us to use Entity Framework Core with the Code
First approach, including the necessary middleware for SQL Server. This
database is used during the development of the application of this chapter.
You can host a SQL Server Express database in your local machine or a SQL
Server instance in any cloud provider of your choice.

After installing all the Entity Framework packages, create a folder called
“Data” in your BookingService.Server project and a class called
SsystemContext inside this folder. The systemContext class will have the
code and constructor as represented in Figure 21.11:
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ng Microsoft.EntityFrameworkCore;

& BookingService.Server.Data

ons options) : base{options)

lder optionsBuilder)

3 conn = L
optionsBuilder.UseS5q

1se . OnConfiguring(eptionsBuilder):

Figure 21.11: SystemContext class

Note that in the onConfiguring method, the “conn” variable represents the
connection string for your database, which could be a local SQL Server
instance or a remote one. The SystemContext class inherits from the
DbContext class, a native class from Entity Framework, and the next step is
to create the actual DbSet properties for each one of the model classes for
the Booking Service project (Booking, ContainerType, Country, Customer,
and Port), as shown in Figure 21.12:



BookingService.Shared;
Microsoft . EntityFrameworkCore,

ice BookingService.Server. Data

ons options) : base(options)

ustomer> Customer { g
Country*> Country { get
Port> Port § get; set; }

cContainerType> ContainerType § get;

Set<Booking> Booking { get; set; }

OnConfiguring(DbContextOptionsBuilder optionsBuilder)

Figure 21.12: SystemContext class

When Entity Framework is being used in a .NET application, it is necessary
to register the underlying service in the Startup of the application, which can
be achieved by adding the highlighted code in the Program.cs file for the
BookingService.Server project:



ing BookingService.Server.Data;
soft.AspNetCore.Re ompression;

ing Microsoft.EntityFrameworkCore;

builder = WebApplication.CreateBuilder{args);

builder.Services.AddControllersWithViews();
builder.Services.AddRazorPages();
builder.Services.AddDbContext<SystemContext>(options =>
options.UseSqglServer(
builder.Configuration
.GetConnectionString("DatabaseConnection")));

Figure 21.13: Program.cs

Note in line 14 that the Entity Framework settings get the connection string
for the database from a configuration file. You can store the database in an
application settings file, as an environment variable, or using any other
method of your preference.

All the necessary configurations for the Entity Framework are already done
in the BookingService. The server application, the next step is to generate
the Entity Framework migration for each model specified in the
SystemContext class as DbSet. This operation can be achieved by running
the Add-Migration command in the Package Manager Console, as shown in
Figure 21.14:

Dy g All
PM> Add-Migration Initial

Figure 21.14: Add-Migration command

This command generates a folder called Migrations with a C# file that
contains the code automatically created by Entity Framework that will
handle the underlying database scripts, as highlighted in Figure 21.15:



BookingService Client

4 &1 BookingService.Server

&> Connected Services

#0 Dependendie

ad Properties

B Controllers

Bl Data

P CE SystemCrntext rs

B Migrations
20221010024840 Initial.cs

CH® SystemContextModelSnapshot.cs

appsettingsjson

CH Program.cs

Figure 21.15: Entity Framework migration

If the connection string for the database is correctly set, all these steps will
not throw any error. After generating the migration files, you can run the
command “Update-Database,” which executes the scripts in the underlying
database, creating the actual database objects, as shown in Figure 21.16:

All B Default project: | BookingSenvice.Server

PM> update-database|

Figure 21.16: Update-database command

From this point, all the database objects exist in the SQL Server database. In
the next section of this chapter, we will continue our journey in creating the



Booking Service application, creating the Business Logic class for each
model of our application to separate the layers and concerns appropriately.

Creating the Business L.ogic layer

It is essential to have a correct separation between multiple layers in an
enterprise application, which facilitates maintainability, testability, and
reusability of classes, functions, and components. For studying purposes, the
Business Logic layer of our Booking Service application will be placed
inside a folder called “Logic.” Still, it could also be part of a separate project
in the Solution. The first Business Logic class to be created is Container
Type One. Each class inside the Logic folder will contain the following
methods:

» GetList: This gets a list of the underlying entity.
e Get: This obtains information on a single entity.

e Add: This creates a new record in the database for the underlying
entity type.
o Edit: This makes an update in the underlying entity.

Those are pretty basic operations performed by the system, representing
everything we need to meet the requirements stated by the hypothetical
scenario at the beginning of this chapter.

Create a folder called “Logic” in the BookingService.Server project and
generate a class called containerTypeLogic, which includes the code shown
in Figure 21.17:



&3:_] BookingService Server

4 s iy ssl wale . sod el L Lo,
1ing BookingService.Shared;
sing Microsoft.EntityFrameworhkCore;

space BookingService.Server.lLogic

ar containertype = await _systemContext.ComtainerType . ToListAsync(};
return containertype;

<ContainerType> Getl{int id)
ar containerType = await _systemContext.ComtainerType
Mherelc == c.Id = id)

FirstOrDefaultAsync();
return containerType;

= Task Add{Containe e containerType)

_systemComtext. ContainerType . AddAsync(containerType):
: _systemComtext . SaveChangesAsync();

= Task Edit(Con eriype containerType)

_systemContext . ContainerType. Update{containerType):
: _systemComtext . SaveChangesAsync();

Figure 21.17: ContainerTypeLogic class

As seen in Figure 21.17, there are four methods in this class, one for each
one stated in the requirements: GetList, Get, Add, and Edit. All the methods
use an instance of the SystemContext class to perform operations in the
database using Entity Framework. Additionally, the Add and Edit methods
use the savechangesAsync method to confirm the database transaction for
the underlying operations.



Similarly, to the ContainerTypeLogic class, create a CountryLogic class
with the code represented in Figure 21.18:

Countrylogice

;ﬁ‘.ﬁ BCICIl(i["I &

-

1 BookingService.Server.Data;
ing BookingService. Shared;
Microsoft.EntityFramemorkCore;

ace BookingService.Server.lLogic

jar countries ait _systemContext. Country.ToListAsync():

return countries;

jar country = await _systemConmbext.Country
Mhere(c => c.Id = id}
FirstOrDefaul tAsync();

return country:

- Task Add{Country country)

t _systemConmtext.Country. AddAsync{country);
t _systemContext.SaveChangesAsync():

- Task Edit(C ry coumtry)

_systemContext . Country . Update{country] ;
t _systemContext.SaveChangesAsync():

Figure 21.18: CountryLogic class

Repeat the same operation for the customerLogic class, which has a handler
in the Add and Edit methods to set the Country property as null, as the Entity
Framework uses the CountryId property to set the Country information
associated with the Customer entity, as shown in Figure 21.19:



BookingService . Server.Data;
0 BookingService.Shared;
ing Microsoft.EntityFramemorkCore;

espace BookingService.Server.lLogic

ext _systemComtext;

ogic()
_systemComtext = new 5 Context():
tomer>= Getlist()

Ar customers t _systemContext.Customer
cInclude(x x . Coumtry)
.ToListAsync();

'l CUSTOmMEers;

o Task={ustomer> Get(int did)

_systemContext. Customer

ar customer = await
Mhere(c == c.Id = id)
FirstirDefaul tAsync();

refurn customer;

Task Add(Cu - customer)

customer. Coumtry = null;
_systemContext. Customer . AddAsync{customer]) ;

_systemComtext. SaveChangesAsync() ;

- Task Edit{Customer customer)

customer. Coumtry = noll;
_systemContext.Customer. Update(customer):
t _systemComtext.SaveChangesAsync():

Figure 21.19: CustomerLogic class

The underlying code for the PortLogic class, our next file to be created,
follows a similar structure, setting the Country property as null in the Add



and Edit methods, as shown in Figure 21.20:

Portlogicc

{lﬁ BCICIl(i["I ¥

o BookingService. Server.Data;
g BookingService.5Shared;
g Microsoft.EntityFrameworkCore;

amespace BookingService.Server.logic

c Portlogic()

_systemContext =

Tash<List=Port>> Getlist()

ports = await _systemContext. Port
Includelx == x.Coumtry)
TolistAsync():

return ports;

> Get(int id)

= await _systemConmtext.Port
Wherel c.Id = id)
FirstOrDefaul tAsync();
return port;

¢ Task Add{Port port)

port.Country = null;
t _systemConmtext.Port. AddAsync{port);
it _systemContext.SaveChangesfsync():

- Task Edit(Port port)

port.Country = L1;
_systemContext . Port . Update(port);
awzit _systemContext.SaveChangesAsync():

Figure 21.20: PortLogic class

Finally, the last Business Logic class is the BookingLogic one, which has the
code shown in Figure 21.21:



ngService. Server.Logic

xt _systemContext;

ent);

1> Getlist()
t _systemContext.Booking

Customer)
PortOrigin)

-Include(x

rtlestiny . Country)
TolistAsyn

N bookings;

g Get( id)

t _systemContext Booking
- Id == 1d)

_FirstirDefaul tAsync(] ;

return booking;

k fdd{Book: booking)

g . Customer =
ding. PortOrigin
Portbesting =
g . ContainerType =

emContext. Booking . Addfsync(boodcdng) ;
mlontext . SaveChangesis)

sk Edit{Beolding booking)
g . Customer =
Ang . Partirigin
PartDestiny
ing. ContainerType =

Figure 21.21: BookingLogic class

Note in the BookingLogic class that the properties ContainerType,

PortOrigin, PortDestinty, and Customer are set to null in the Add and
Edit methods for the same reason that is done in the other classes.



Creating the Controllers

Considering the front-end application will be consuming resources from the
back-end via Web API, it is necessary to create a Controller for each one of
the models in the application. Inside the Controllers folder in the
BookingService.Server project, create a ContainerTypeController class
with the code shown in Figure 21.22:

;{ﬁ BookingService Server

ing BookingService.Server.Logic;
sing BookingService.Shared;
ing Microsoft.AspNetCore. Mvc;

e BookingService. Server.Controllers

oller> Logger)

_logger = logger;
_containerTypelogic

Type»> Getlist()

ait _containerTypelogic. Getlist():

Task<ContainerType® Get{int id)

ait _containerTypelogic.Get({id);

c Task Edit([FromBody] ContainerType containerType)

: _containerTypelogic. Edit{containerType)




Figure 21.22: ContainerTypeController class

The containerTypeController class and any other Controller classes in the
project follow the same structure: a corresponding Controller method for
each operation existing in the underlying Business Logic class. The GetList
and Get methods use GET as HTTP Verb, and the Add and Edit methods use
the POST HTTP Verb.

The Controller for the Country model has an equal representation, as shown
in Figure 21.23:



CountryControlle

ing BoolkingService.Server.logic;
g BoolingService.5hared;
ng Microsoft.AspletCore Mvc:

ce BookingService.Server.Controllers

_logger = logger;
_countryl ogic =
}
[HttpGet]
rys: Getlist()

i _countrylogic.Getlist({}:

vl Country country)

t _countrylogic.Add({country);

c Task Edit{[FromBedy] Country country)

i _countrylogic.Edit{country};

Figure 21.23: CountryController class

A private property for the Business Logic class reference is specified at the
Controller's beginning and populated in the constructor. If needed,

dependency injection in the back-end project could be used to facilitate
integration tests.



The next Controller is the PortInfoController, which contains the
endpoints that call the underlying Port Logic class directly, as shown in
Figure 21.24:

PortinfoControlle

qﬁ BookingSe

[

BookingService. Server. Logic;
ing BookingService.Shared:

ing Microsoft. AspNetlore. Mvc;

& BookingService. Server.Controllers

_logger = logger;
_portlogic =

[HttpGet]

»» Getlist()

await _portlogic.Getlist():

Port> Get(int id)

await _portlogic.Get(id):

Task Add([FromBody] Port port)

awzit _portlegic. Add{port);

Task Edit([FromBody] Port part)

t _portlegic.Edit(port);

Figure 21.24: PortInfoController class

Note that the number of Controllers is identical to the models in the
application, as the front end will contain screens that refer to each of these



models, retrieving information from the back end. Keeping the Controllers
separated by type is helpful to improve testability and other aspects
regarding the Single Responsibility Principle (SRP) stated by the SOLID
principles. Given that the next Controller is related to the Customer model,
which has the code represented in Figure 21.25:

CustomerinfoControllercs |1 X

@1 Bookir 2. Senver
I=using BoolingService.Server. Logic:
sing BookingService.Shared;
sing Microsoft.AspNetCore.Mvc;

-2 BookingService.Server.Controllers

_customerlogic;

r{ILogger<( rInfolontroller® Logger)

_logger = logger;
_customeriogic =

=re» Getlist()

: _customerlegic. Getlist(]):

klCustomer> Get(int id)

t _customerlogic.Get{id):

r customer)

r customer)

t _customerlogic. Edit{customer):

Figure 21.25: CustomerInfoController class



Finally, the last Controller that needs to be created is the one related to
Booking information, which has the code represented in Figure 21.26:

BookingInfoControllercs 4 X

g:';ﬁ Booki

BookingService. Server . Logic;
BookingService.Shared;
o Microsoft.AspNetCore.Mvc;

ace BookingService.Server.Controllers

_logger = Llogger;
_bookinglogic =

Task<l ist<Booking®> Getlist()

i2it _bookinglogic.Getlist():

Task<Booking> Get{int id)

iait _bookinglogic.Get(id]);

Booking booking)

Task Edit([F ody] Booking booking)

2it _bookdngleogic.Edit(booking);

Figure 21.26: BookingInfoController class

At this stage, all the necessary Controllers for the Web API are already
created and ready to be consumed by the front-end application based on



Blazor WebAssembly. In the next section, you will have the opportunity to
experience the creation of all the necessary components in the front-end
application, including using Blazorise, an open-source Ul framework for
Blazor applications.

Creating the front-end

The front-end application will use Razor Components to render Web pages
based on WebAssembly, taking all the benefits of Blazor and reusing the
models from the BookingService. The shared project that was used to create
the Entity Framework DbSets. As shown in Figure 21.27, the default
template for Blazor WebAssembly applications already contains specific

pages:

Search Solution Explorer (Ctrli+g)

72 Solution 'BookingService' (3 of 3 projects)

BookingService Client

& Connected Service

#0' Dependencies

8 Properties

1:33 WAMATC Ot

Bl Pages
Counter.razor
FetchData.razor
Index.razor

B Shared

_Imports.razor

App.razor

Figure 21.27: BookingInfoController class

In the context of the project demonstrated in this chapter, only the
Index.razor component is kept. But before creating other components,



ensure you have all the necessary packages installed in the
BookingService.Client project, which is listed in Figure 21.28:

Figure 21.28: Nuget packages

After installing all these packages, include the necessary references to the
Blazorise Ul framework in the Program.cs file, installed via Nuget Package,
as highlighted in Figure 21.29:

J Blazorise.Bootstrap;
ing Blazorise.Icons.FontAwesome;
ing BookingService.Client;
Microsoft.AspNetCore.Components.Web;
ng Microsoft.AspNetCore.Components.WebAssembly.Hosting;

r builder = W I RY
builder.ReootComponents . Add<
builder.RootComponents . Add<He

.Tbuilder.Seruices.nddSCOped(sp => new HttpClient { BaseAddress =

# UriCbuilder.HostEnvironment.BaseAddress) });

builder.Services
2 .AddBlazorise(options =>
{
options.Immediate = true;
B
.AddBootstrapProviders()
.AddFontAwesomeIcons();

it builder.Build().RunAsync():

Figure 21.29: Program.cs

As the front-end application will use a CSS library to render flags for the
countries, make the following change in the index.html file presented
within the wwwroot folder, as highlighted in Eigure 21.30:



maxinun-seale=1.8, user-se

Figure 21.30: Index.html

Each one of the models will have two pages in the front-end applications:
one of them to list all the records from the back-end and another to add and
update records. The next section will show you how to create the underlying
pages for the Container Type model.

Container type components

First of all, as we are using Blozorise as a Ul framework, it is necessary to
specify the underlying reference in the _Imports.razor file to make the
corresponding components from the framework available across all
components of the Blazor WebAssembly application, as shown in Figure
21.31:

Imports.razor | X

.AspNetCore.Components.Forms
.AspNetCore.Components.Routing
.AspNetCore.Components.Web
.AspNetCore.Components.Web.Virtualization
.AspNetCore.Components.WebAssembly . Http

.JSInterop
ng BookingService.Client
ing BookingService.Client.Shared
ng Blazorise
ing Microsoft.AspNetCore.Components;

Figure 21.31: _Imports.razor

This file contains the global references for the project. The next step is to
create the ContainerTypes.razor component inside the Pages folder. Each
Razor component has two main sections: one that is exclusive for HTML,



CSS, JS, and Razor code and another section called “code,” which contains
references to the C# code that includes logical statements associated with the
component. After creating the razor corresponding razor component, include
the method onInitializedAsync method and a private containerTypeList
property in the code section, as shown in Figure 21.32:

“ontainerType>? containerTypeslList;

¢ Task OnInitializedAsync()

r result = await
stringResult = awa p onten ad in
containerTypesList = J +t.DeserializeObject<list<ContainerType>>(stringResult);

Figure 21.32: Container type code section

The onInitializedAsync method makes an HTTP request to the endpoint
we previously created in the back-end in the ContainerTypeController file.
After making the request, the response is parsed to a list of container types.

The next step is to create the actual HTML that will list the container types
populated in the code section. The necessary adaptation in the component
should look like the code in Figure 21.33:



Countries
hi=Countries

style="position:absolute™
a href="/ContainerTypeForm/" class="btn btn-primary"-Mew Container Type

E8if {containerTypeslist ==

n=Loading. . .

8foreach (var comtainerType in comtainerTypeslist)

i

td>fcontainerType . Name

1 href="/ContainerTypeForm/BcontainerType. Id">Edit

Figure 21.33: Container type HTML section

In this component, the route “/ContainerTypes” is specified in the first line
using the @page directive, which means this is the address to access the
container type list page. In line 4, an HttpClient object is being injected,
which is a good practice to reuse the same instance multiple times. If you are
familiar with Asp.Net MVC with Razor Pages, you note that the syntax is
identical in terms of creating loops and rendering the dynamic information.
In the last column of the HTML table, there is a link to redirect to the
ContainerTypeForm, which will be created in the following.

Create a new Razor component called ContainerTypeForm.razor, and
include the following content in the code section, as demonstrated in Figure



rType containerType;

ing ConmtainerTypeld f get; set; }

c Task OnInitializedAsync()

if(ContainerTypeld != mull)
T
L
ar result = await Hitp.GetAsync("/Container d + ContainerTypeld);
r stringResult = t result.Content.ReadA
containerType = Jsc ainer >{stringResult);
i
Else
i
containerType =

:

ash SaveAsync()
myContent = SerializeObject{containerType);
r buffer = Syste coding . UTFB. GetBytes(myContent);
var stringContent = 1t
iffcontainerType.Id = @)
it Hitp. PostAsJsonfsync("/C ainerType/Add®, comtainerType]:

await Http. PostAsIsonfsync("”/ContainerType/Edit”, containerType):

HavManager.NavigateTol{"/containerTypes"™)

Figure 21.34: Container Type Form code section

In line 32, the private CcontainerType property is specified, representing the
model the form will handle. Within this code, there is a logical statement to
get the corresponding Container Type from the back end if the ID is passed
as a parameter. Additionally, the SaveAsync method contains a condition to
call different endpoints based on the Add and Edit operations.

As we already have the logical implementation at this stage, we can create
the visual part of our component, which is demonstrated in Figure 21.35:



ContainerTypeFormrazor & X

f/ContainerTypeForm/{Containertypeld?}"
BookingService.Shared
| Newtonsoft.Json
| System.Net.Http.Headers
Htt 1ent

Container Type Form
1>Cantainer Type Form=
E@if(containerType != nul
1
IsNotEmpty"
@containerType.Name"

*Enter valid name!

="Color.Primary" ="@SaveAsync">5ave

Figure 21.35: Container Type visual section

The Razor section of the component uses the Field, Validation, Button, and
TextEdit components from the Blazorise framework. In this case, the form
warns the user if the Name field's conditions are not satisfied. The Save
button calls the saveAsync method created previously. The next step is to
specify a link to the new pages in the NavMenu component, which is inside
the Shared folder, as shown in Figure 21.36:



jiv class="nav-item px—3"
class=! Link" href="containerTypes”

oi oi-plus® aria-hidden="trus" :pan> Centainer Types

Figure 21.36: Menu option for Container Types

If you run the application, you will be able to navigate to the container types
page via the lateral menu on the left, as shown in Figure 21.37:

x =+

D localhosts 163 conTanes Types

JnokingService
w Home Contalr‘ier Types

=+ Comainer Types
Mew Contalner Typea

Name

Figure 21.37: Container types page

It is essential to highlight that, in some cases, your browser may cache the
JavaScript files generated by Visual Studio in runtime, generating an error
with the message “Failed to find a valid digest in the integrity attribute for
the resource on IIS.” If this error appears, you will have to clean your
browser's cache.

If you click on the New Container Type button, you will be redirected to the
Container Type Form and will be able to create a new entry in the database,
as shown in Figure 21.38:



Container Type Form b -+

< C @ localhost:5163/ContainerTy peForm/ i~ a &

BookingService About

A Home Container Type Form

40" Standard High Cube v

Save

== Container Types

Figure 21.38: Container type form page

If the validation passes, the field is marked with green color. After saving the
new container type, the application redirects to the container types list page
again, which is the behavior specified in the saveAsync method. With a
single record in the database, you will be able to see the entry in the list and
will be able to edit the container type, as shown in Figure 21.39:



Container Types b -+

& C @ localhost5163/container Types = ow O &

BookingService About

A Home Container Types

Mew Container Type

Name

+ Container Types

40" Standard High Cube

m
L
=t

Figure 21.39: Container type with records

The same operations done for the Container Type model need to be done for
Country, which will be demonstrated in the next section.

Country components

The next step is to create the Countries.razor component inside the Pages
folder. Each Razor component has two main sections: one that is exclusive
for HTML, CSS, JS, and Razor code and another section called “code,”
which contains references to the C# code that includes logical statements
associated with the component. After creating the razor corresponding razor
component, include the method onInitializedAsync method and a private
countriesList property in the code section, as shown in Figure 21.40:



ate List<Country>? countrieslList;

cted override async Task OnInitializedAsync()

jar result = await Http.GetAsync("/Country/GetList");

jar stringResult = av result.Content.ReadAsStringAsync();

countriesList = Jso wert.DeserializeObject<List<Country>>(stringResult);

Figure 21.40: Country code section

The onInitializedAsync method makes an HTTP request to the endpoint
we previously created in the Countrycontroller file in the back end. After
making the request, the response is parsed to a list of countries.

The next step is creating the actual HTML that lists the countries populated
in the code section. The necessary adaptation in the component should look
like the code in Figure 21.41:



g BookingService.Shared
Newtonsoft. Json
-t | ient Http
Countries

hil=Countries

div style="position:absolute®
2 href="/CountryForm/® class="bin bitn-primary®-Mew Country

=Bif (countriesiist == |
n=Loading. . .
able class="table"®

LET ]
Initials

Flag

ach {var country in countrieslist)

fcountry . Name

Boountry . Initials

class="fi fi-fcountry.Initials.Tolower{)"

a href="/CountryForm/@country. Id"=Edit

Figure 21.41: Country HTML section

In this component, the route “/Countries” is specified in the first line using
the @page directive, which means this is the address to access the country
list page. In line 4, an HttpClient object is being injected, which is a good
practice to reuse the same instance multiple times. If you are familiar with
Asp.Net MVC with Razor Pages, you will notice that the syntax is identical
in terms of creating loops and rendering the dynamic information. In the last



column of the HTML table, there is a link to redirect to the CountryForm,
which will be created in the following.

Create a new Razor component called CountryForm.razor, and include the
following content in the code section, as demonstrated in Figure 21.42:

y country;

tring CountryId § get; set; ]

Task OnInitializedAsync()

if(CountryId |=
I
L
ar result = await Hittp.GetAsync("/Country/ id=" + CourtryId):
r string swait result.Content ReadAsStringAsync():|
country = JsonConvert.DeserializeObject<Country>(stringResult]):

country = ne

qar myContent = Jsg rializeObject{country):
buffer = System.Tex ding.UTF8.GetBytes(myContent]):
var stringContent = new 5 gCo it {myContent] ;

if(country.Id = @)
i

it Http.PostAsJIsonhsync("/ Add® country):

t Http. PostAsJIsonAsyncl " Country /Edit", country):

MavManager.NavigateTo("/countries"):

Figure 21.42: Country Form code section

In line 39, a private Country property is specified, representing the model the
form will handle. Within this code, there is a logical statement to get from
the back-end the corresponding Country if the ID is passed as a parameter.
Additionally, the SaveAsync method contains a condition to call different
endpoints based on the Add and Edit operations.



As we already have the logical implementation at this stage, we can create
the visual part of our component, which is demonstrated in Figure 21.43:

fCountryForm/{

BookingService. arEd
g Newtonsoft.Json
System.Net.Http.Headers

Country Form
| =Country Form=/f
—@if(country != n

i

otEmpty™
"Bcountry .Name"

NotEmpty™
ext="Ecountry.Initials"

Enter wvalid initials!

="@5avefsync"=5ave

Figure 21.43: Country visual section

The Razor section of the component uses the Field, Validation, Button, and
TextEdit components from the Blazorise framework. In this case, the form
warns the user if the Name field's conditions are not satisfied. The Save
button calls the saveAsync method created previously. The next step is to
specify a link to the new pages in the NavMenu component, which is inside
the Shared folder, as shown in Figure 21.44:



fonclick="ToggleNavMenu"

class="pav-item px-3"=
class="nav-Link" href="" ="NavLinkMatch.ALL":
1 class="0i oi-home” aria-hidden="true"></spa Home

v class="pav-item px-3"

v=Link" href="containerTypes"
"oi oi-plus" aria-hidden="trus" spa Container Types

Countries

Figure 21.44: Menu option for Countries

If you run the application, you will be able to navigate already to the
countries page via the lateral menu on the left, as shown in Figure 21.45:

Countries * + b =3 O F 8
& C @ localhost5163/Countries =2 o 0O =
BookingService About
A Home Countries
Container Types
+ FALSRES Mew Country
+ Countries Name Initials Flag

Figure 21.45: Countries page

If you click on the New Country button, you will be redirected to the
CountryForm and will be able to create a new entry in the database, as shown
in Figure 21.46:



|- Country Form 5 +

¢ C @ localhost5163/CountryForm/ = ¥ O &

BookingService About

A Home Country Form
== Container Types - i |
DE v :

+ Countries

Save

Figure 21.46: Country form page

If the validation passes, the fields are marked with green color. After saving
the new country, the application redirects to the countries list page again,
which is the behavior specified in the saveAsync method. With a single
record in the database, you will be able to see the entry in the list and will be
able to edit the country, as shown in Figure 21.47:



¥ == ]
Countries ® -+

& C @ localhost5163/countries 2oy O &

BookingService About

A Home CountrIeS

Container Types
= 4 Mew Country

+ Countries Name Initials Flag

Germany DE =

m
=

Figure 21.47: Country with records

The same operations for the Country model need to be done for the Port,
which will be demonstrated in the next section.

Port components

The next step is to create the PortList.razor component inside the Pages
folder. Each Razor component has two main sections: one that is exclusive
for HTML, CSS, JS, and Razor code and another section called “code,”
which contains references to the C# code that includes logical statements
associated with the component. After creating the razor corresponding razor
component, include the method onInitializedAsync method and a private
ports property in the code section, as shown in Figure 21.48:




te List<Port>? ports;

me Task OnInitializedAsync()

r result = await Http.GetAsync("/PortInfo/GetList");
ar stringResult = await result.Content.ReadAsStringAsync();
ports = JsonConvert.DeserializeObject<List<Port>>(stringResult);

Figure 21.48: Ports code section

The Onlnitialized Async method makes an HTTP request to the endpoint that
we created previously in the PortInfoController file in the back end. After
making the request, the response is parsed to a list of ports.

The next step is to create the actual HTML that will list the ports populated
in the code section. The necessary adaptation in the component should look
like the code in Figure 21.49:



*/PortList
BookingService. Shared
Newtonsoft. Json

ect Httpllient Http

hl=Ports

style="positionabsolute”
a href="/PortForm/® class="btn btn—primary"-Mew Port

-i@if (ports = mull)
i
n=Loading. . .

e class="table"

r port in ports)

i=@port . Name

Eport. Country . Hame

an class="fi fi-@port.Country.Initials. Tolower(]}"

a href="/PortForm/8port . Id">Edit

Figure 21.49: Ports HTML section

In this component, the route “/PortList” is specified in the first line using
the @page directive, which means this is the address to access the port list
page. In line 4, an HttpClient object is being injected, which is a good
practice to reuse the same instance multiple times. If you are familiar with
Asp.Net MVC with Razor Pages, you will notice that the syntax is identical
in terms of creating loops and rendering the dynamic information. In the last



column of the HTML table, there is a link to redirect to the PortForm, which
will be created in the following.

Create a new Razor component called PortForm.razor, and include the
following content in the code section, as demonstrated in Figure 21.50:

try> countries;

ng PortId { get; set; }

= Tash OnInitializedAsync()

countries = J:

if(Portld |

{
result = await ] id=" + PortId}:
stringResult it result.Conmtent.ReadAsStringAsync(];

rt.Deserializelbjec >{stringResult);

1
gelse
{

}

Tash Savefsync()
port.Country = countries FirstOrDefault{x == 3, 1d == port. CountryId};

if(port.Id = @)
_I

it Http.PastAsIsonfAsync("/PortInfo/Add", port);

ait Http.PostAsJIsonfAsync("/PortInf
1

NavManager.NavigateTe( " /portlist™):

Figure 21.50: Port Form code section

In line 45, a private Port property is specified, representing the model the
form will handle. Within this code, there is a logical statement to get from
the back-end the corresponding Port if the ID is passed as a parameter.
Additionally, a country list is being populated to be used in the form of a
Select element and the SaveAsync method contains a condition to call
different endpoints based on the Add and Edit operations.



As we already have the logical implementation at this stage, we can create
the visual part of our component, which is demonstrated in Figure 21.51:

*fPortForm/{PortId?}
ookingService. Shared
Newtonsoft.Json
Net.Http.Headers
tp
ager NavManager

Port Form

hi>Port Form Form

-@iffport I= 11D

sNotEmpty™
="@port. Name"

Enmter wvalid name!

"Bport . CountryId®
elect a country
@foreach(var country in countries)

="f#oountry . Id" >Bcountry . Name

="@5avefAsync"-5ave

Figure 21.51: Port visual section

The Razor section of the component uses the Field, Validation, Select,
Button, and TextEdit components from the Blazorise framework. In this
case, the form warns the user if the conditions for the Name field and other
fields are not satisfied. The save button calls the saveAsync method created
previously. The next step is to specify a link to the new pages in the NavMenu
component, which is inside the Shared folder, as shown in Eigure 21.52:



class="gNavlenulss{lass" Honclick
av class="flex-column"”

wv—item px-3"
link™ href="containerTypes"
n class="oi oi-plus™ aria-hidden="trus" ran= Container Types

div class="mav-item px—3"

nk"™ href="Countries"
Countries

Figure 21.52: Menu option for Ports

If you run the application, you will be able to navigate already to the ports
page via the lateral menu on the left, as shown in Figure 21.53:

L = 1:' bt
i Fort List x +
- C @ localhost5163/portList 2 W o s
BookingService Aot
ﬁ Home P 0 r.ts
+ Container Types
=+ Countries Name Country Flag

+ Ports

Figure 21.53: Ports page

If you click on the New Port button, you will be redirected to the PortForm
and will be able to create a new entry in the database, as shown in Figure



21.54:

Port Form % oo = 8] bt
& C @ localhost5163/FortForm, = O &
BookingService About
Puerto Martins
Container pakedill v
Argentina v

Countries

Save

Figure 21.54: Port form page

If the validation passes, the fields are marked with green color. After saving
the new port, the application redirects to the ports list page again, which is
the behavior specified in the saveAsync method. With a single record in the
database, you will be able to see the entry in the list and will be able to edit
the port, as shown in Figure 21.55:

| Port List b + W = L H
« C @ localhost5163/portlist = w O &
BookingService About
A Home Ports
Container Types
Godiries MName Country Flag
Puerto Martins Argentina Edit

Ports




Figure 21.55: Port with records

The same operations for the Port model need to be done for the Customer,
which will be demonstrated in the next section.

Customer components

The next step is to create the CustomerList.razor component inside the
Pages folder. Each Razor component has two main sections: one that is
exclusive for HTML, CSS, JS, and Razor code and another section called
“code,” which contains references to the C# code that includes logical
statements associated with the component. After creating the razor
corresponding razor component, include the method onInitializedAsync
method and a private customers property in the code section, as shown in
Figure 21.56:

ste<Customer>? customers;

Task OnInitializedAsync()

p.GetAsync{ " /Cu
it result.Conte 3
=rt.Deserializelbje istefustomer stringResult):

Figure 21.56: Customers code section

The onInitializedAsync method makes an HTTP request to the endpoint
we previously created in the customerInfoController file in the back end.
After making the request, the response is parsed to a list of customers.

The next step is to create the actual HTML that will list the ports populated
in the code section. The necessary adaptation in the component should look
like the code in Figure 21.57:



Customer List
L=Customers

style="position:absolute™
ef="/CustomerForm/" class="btn btn—primary*>Mew Customer

S@if (customers = null)

n=Loading. ..

i port in customers)

d=@port . Name

Bport. Country . Name

in class="Fi fi-Bport.Country.Initials. Tolower()"

i href="/Customerform/gport : Id">Edit

Figure 21.57: Customers’s HTML section

In this component, the route “/CustomerList” is specified in the first line
using the @page directive, which means this is the address to access the port
list page. In line 4, an HttpClient object is being injected, which is a good
practice to reuse the same instance multiple times. If you are familiar with
Asp.Net MVC with Razor Pages, you will notice that the syntax is identical
in terms of creating loops and rendering the dynamic information. In the last



column of the HTML table, there is a link to redirect to the CustomerForm,
which will be created in the following.

Create a new Razor component called CustomerForm.razor, and include the
following content in the code section, as demonstrated in Figure 21.58:

sr customer;
try> countries:
; CustomerId { get; sei; }
k DnInitializedAsync()

result = amait Http.GetAsync(” Country/GetList™):

stringResult result.Content . ReadAsStringAsync();
countries = JsonConvert.Deserializelbject<List<Country>>(stringResult);
if(Customerld != 1)
{

result = t Http.GetAsync("/CustomerInfo/Get?id + CustomerId);

stringResult = it result.Content.ReadAsS gAsync():
customer JsonConvert .Deserializelbject<Customer>(stringResult):

customer = Customer():

k SaveAsync()
customer, Country = countries.FirstOrDefault(x => x.Id == customer.Countryld):

if{customer.Id == &)

i
H

Http.PostAsJIsonAsync(” /CustomerInfo/Add", customer):

{ se

Http.PostAsJsonAsync (" /CustomerInfo/Edit”, customer):

H

HavManager.NavigateTo("/customerlist

Figure 21.58: Customer Form code section

In line 57, a private Customer property is specified, representing the model
the form will handle. Within this code, there is a logical statement to get
from the back-end the corresponding Customer if the ID is passed as a
parameter. Additionally, a country list is being populated to be used in the
form of a Select element and the saveAsync method contains a condition to
call different endpoints based on the Add and Edit operations.



As we already have the logical implementation at this stage, we can create
the visual part of our component, which is demonstrated in Figure 21.59:

" Cus
BookingService. Shared

Newktonsoft . Json
System. Net.Http.Headers

Customer Form

IsCustomer Form |

SRif(customer [= n

[

Enter walid namel

—5Select a country
iforeach{var country in countries)

="@oountry.Id">Bcountry . Name

fcustomer. Notes"

"Boustomer. Active®™ >Active

="@5aveAsync" -Save

Figure 21.59: Customer visual section

The Razor section of the component uses the Field, validation, Select,
Button, and TextEdit components from the Blazorise framework. In this
case, the form warns the user if the conditions for the Name field and other



fields are not satisfied. The Save button calls the saveAsync method created
previously. The next step is to specify a link to the new pages in the NavMenu
component, which is inside the Shared folder, as shown in Eigure 21.60:

Licke"ToggleNavMenu®

ink™ hraf==" “MavLinkMatch.ALL"
oi-home® aria—hidden="trus" SpE Home

ink™ href="contai
oi-plus" aria-hidden="true" Container Types

iv elass="nav-item px-3"
r—1ink™ href="Countries"
class="oi cdi-plus"” aria-hidden="trus" % Countries

iy class="nav-item px-3"

* href="customerlist"
" aria-hidden="true® Customers

Figure 21.60: Menu option for Customers

If you run the application, you will be able to navigate already to the
customer's page via the lateral menu on the left, as shown in Figure 21.61:



“ustomer List * -+

R & @ locathost5163/austomerlist e 1 o &

BookingService About
Home Customers

Container Types
Mew Customer

Countries

Name Country Flag

Ports

Customers

Figure 21.61: Customers page

If you click on the New customer button, you will be redirected to the
CustomerForm and will be able to create a new entry in the database, as
shown in Figure 21.62:

Customar Form ® + g = O 2
L o @ localhost 5163/ CustomerF orm,/ = ¥ EI L3
BookingService About
Hone Customer Form
Container Types SRstnmer teat il
Address Test v
Countries Germany | '
MNotes test
Active

Save
Customers




Figure 21.62: Customer form page

If the validation passes, the fields are marked with green color. After saving
the new port, the application redirects to the ports list page again, which is
the behavior specified in the SsaveAsync method. With a single record in the
database, you will be able to see the entry in the list and will be able to edit
the customer, as shown in Figure 21.63:

ustomer |ist w + — 0 *
< 54 (@ localhost5 163 /customerl ist 2 % o 2
BookingService Abeiut
A Home Customers
+ Container Types
== Countries i Country Flag
et Fiote Customer test Germany = Edit

= Custormers

Figure 21.63: Customer with records

The same operations done for the Customer model need to be done for
Booking, which will be demonstrated in the next section.

Booking components

The next step is to create the BookingList.razor component inside the
Pages folder. After creating the razor corresponding razor component,
include the method onInitializedAsync method and a private bookings
property in the code section, as shown in Figure 21.64:




? bookings;

Task OnInitializedAsync()

it Hittp.GethAsyncl"/Book fGetlist™):
1t result.Content. ReadAsS
bookings = Jsoni rt.Deserializelbject<lis ng*>(stringResult];

Figure 21.64: Bookings code section

The onInitializedAsync method makes an HTTP request to the endpoint
we created previously in the BookingsController file in the back end. After
making the request, the response is parsed to a list of bookings.

The next step is to create the actual HTML that will list the ports populated
in the code section. The necessary adaptation in the component should look
like the code in Figure 21.65:



m absolube
ingForm/" class=="btn bEmprinary*-Mew Booking

—Eif (bookings =
i
Loading._ ..

cluss="tabla"

Custoner=/t
th=Embark Date
Arrival Date</th

~Port Origin
lw=Country Origin

Flag

Port Destiny
th=Country Destiny
th=Flag

iforeach (var booking in bookings)

f

Sbooking. Customer—/td

Hhal g . EnbarkDate . ToShortDateString( )

| g.Arrivallate . ToShortDateString{ )= t
@booiding . Portlirigin. Mame- /'t

ibooldng . Portirigin. Comtry  Mame

clasz="fi fi-@booking.Portlrigin. Comntry  Initials. Tolower(}"

i=§booking . PortDestiny Name

dboolding . PortDestiny . Country_ Hame
clas=="fi Fi-@booking. PortDestiny. Country. Initials. Toloser{)"

1 href="/BookingForn/ Bhooking . Id"-Edit:

Figure 21.65: Bookings HTML section

In this component, the route “/BookingList” is specified in the first line
using the @page directive, which means this is the address to access the port
list page. In line 4, an HttpcClient object is being injected, which is a good



practice to reuse the same instance multiple times. If you are familiar with
Asp.Net MVC with Razor Pages, you will notice that the syntax is identical
in terms of creating loops and rendering the dynamic information. In the last
column of the HTML table, there is a link to redirect to the BookingForm,
which will be created in the following.

Create a new Razor component called BookingForm.razor, and include the
following content in the code section, as demonstrated in Figure 21.66:

> containerTypes;
C Stﬂﬁl‘.‘.;

3 Bookingld { get; =et; }
Task OnInitializedAsync()

t Http.GetAsync(”/PartInfc List™):
var stringResult = await result.Content ReadAsStringAsync():
ports = Json rt.Deserializelbject=ii »»(stringResult);

result = await
stringResult = awaif t.Content.Re
containerTypes = Jsonlonvert.Deserializedbject<Lis ntainer Type>>(stringResult);

result = await Http.GetAsync(®/Cust |
stringResu t ult. Combent AsStringAsyn
vert . Deserializelbjectsl re>{stringResult);

customers = JsonCon

if(BookingId I= null)

{
result F Http.GetAzync(" /B
stringResult = t result.Coanten
bookingRecord = JsonConvert

}

else
bookingRecord =

}

H

Task SaveAsync()

bookingRecord.Custoser = customers.FirstOrDefault(x == x.Id == bookingRecord.CustomerId);
bookingRecord.ContainerType = containerTypes.FirstOrDefault(x=> x.Id == bookingRecord.ContainerTypeId);
bookingRecord . PartOrigin ports . FirstOcDefault(x == x. Id bookingRecord , PortOriginld) ;
bookingRecord , PortDestiny = ports_ FirstOrDefauli(x =» x_Id = bookingRecord PortDestinyTd);

if(bookingRecord.Id =— @)
i

it Http.PostAsJsonAsync(" /BookingInfo/Add”, bookingRecord):
!

{
ait Http.PostAsIsonAsync(”/BEookin Fo/Edit", bockingRecord);
i

MNavManager. NavigateTo(” /bo




Figure 21.66: Booking Form code section

In line 79, a private Booking property is specified, representing the model
the form will handle. Within this code, there is a logical statement to get
from the back-end the corresponding Booking if the ID is passed as a
parameter. Additionally, two port lists are being populated to be used in the
form of Select elements. The saveAsync method contains a condition to call
different endpoints based on the Add and Edit operations.

As we already have the logical implementation at this stage, we can create
the visual part of our component, which is demonstrated in Figure 21.67:



r HavManager

Booking Form
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&Foreach{ port in portz)

{

" Bpart . Id"~fport  Name
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ect a Part Desting

rt . 1d"=Eport . Name:

Figure 21.67: Booking visual section

The Razor section of the component uses the Field, Validation, Select,
Button, and TextEdit components from the Blazorise framework. In this



case, the form warns the user if the conditions for the Name field and other
fields are not satisfied. The Save button calls the saveAsync method created
previously. The next step is to specify a link to the new pages in the NavMenu
component, which is inside the Shared folder, as shown in Figure 21.68:

Lick="ToggleNavMenu®™:

="Mavl inkMatch ATL"

class="pi opi-home" aria—hidden="true" span> Home

nav—item px—-3"
class="nav-Link" href="containerTypes”
class="pi oi-plus" aria—-hidden=" = span> Container Types

nav—item px—3"
="nav-Link" href="Countries"
class="pi gi-plus" aria—hidden="true" span> Countries

v class="npav-item px—3"
="nav-Link" href="portList"

class="pi oi-plus” aria—hidden="true"

class="pav-item px-3"
k® href="customerList"

i pi—plus" aria—hiddem="trues" span® Customers

class="nav-item
class="pav-link"™ href="bookinglist"
="pi oi-plus" aria-hidden="trus" span® Bookings

Figure 21.68: Menu option for Bookings

If you run the application, you will be able to navigate already to the
bookings page via the lateral menu on the left, as shown in Figure 21.69:



< 15 @O localhost 5 V63 Book igLst & o o2

About

Mew Booking
Embark Arrival For Country Fort Country
Customer Date Date Crigin Origin Flag Destiny Destiny Flag

Figure 21.69: Bookings page

If you click on the New Booking button, you will be redirected to the

BookingForm and will be able to create a new entry in the database, as shown
in Figure 21.70:

x  +
# @ lkalhost 5163 Bookngl crm) 2o O &
Abou
Booking Form
Vi S Custamer test -
el 40 Stendard High Cubs ~
01101/2022 ]
10/10/2022 2
Puerto Marting w
Rostock v

Figure 21.70: Booking form page

If the validation passes, the fields are marked with green color. After saving
the new port, the application redirects to the bookings list page again, as it is



the behavior specified in the saveAsync method. With a single record in the
database, you will be able to see the entry in the list and will be able to edit
the booking, as shown in Figure 21.71:

Embark Arrival Port Country Par Country
Customar Date Drte Crigin Crigin Flag Destlny  Desting Flag
BookingSanace Shared. Customer 01012022 100102022 Pusng AfgEnting - Roststk Germany - Edq

Marting

Figure 21.71: Customer with records

As you have the most basic operations for the Booking Service working, we
advise you to apply to the same project what you have learned in this book
about Authentication and Unit Testing.

Conclusion

In this chapter, you learned how to create a basic application for a logistic
company and all the layers for a complete system, including the back-end
and front-end. The application's creation involved many things you learned
with this book, such as object-oriented paradigm, SOLID principles, Entity
Framework, Asp.Net Core Web API, Blazor Server, Blazor WebAssembly,
Razor components, and much more.

I hope this book helped you to be a better software developer and
contributed to your capabilities of building scalable and sustainable
enterprise applications using the .NET platform and the C# language.

Points to remember

» Routes are specified in the @page directive for Razor components.



e Blazorise is an open-source Ul framework to be used with Blazor
applications.

It is possible to inject objects into Razor components.

e The Asp.Net Core Hosted option needs to be used if there is a need to
combine. Front-end and back-end development for Blazor applications.

Questions

1. Implement unit tests for the Booking Service project using the
knowledge you gained with this book.

2. Develop authentication capabilities for the application.

3. Refactor the Booking Service back-end to use dependency injection
within Controllers for the Business Logic objects.

Join our book’s Discord space

Join the book’s Discord Workspace for Latest updates, Offers, Tech
happenings around the world, New Release and Sessions with the Authors:

https://discord.bpbonline.com
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