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Preface

If you are new to programming or an experienced professional looking to enhance your
skills, these pages will provide you with the information and tips you need to succeed in
the .NET ecosystem, which is constantly evolving.

From Chapter 1’s Introducing to C# 13 and .NET 9 to Chapter 16's Packaging and
Deployment, each chapter is carefully organized to build on what you already know while
presenting new ideas at a pace that you can easily handle.

In this book, you will discover the remarkable flexibility of the C# language and the NET
system. It will guide you through object-oriented programming, working with data using
Entity Framework Core, utilizing LINQ to modify data in a concise and elegant manner,
and leveraging ASPNET Core and Blazor for modern web development.

I hope that this book not only helps you learn how to code but also inspires you to do so,
providing you with the tools to solve complex problems in innovative ways and adding
your own unique perspective and will to the world of software development.

Chapter 1: Introducing to C# 13 and .NET 9- This chapter guid you through the key stages
of configuring your development environment and acquiring fundamental knowledge of
C# programming.This first chapter establishes a solid foundation for your coding journey.

Here, you will find the step-by-step installation procedure for the .NET software
development kit (SDK)—an essential tool for any developer—as well as guidance on how
to select an appropriate integrated development environment (IDE).

Chapter 2: C# Fundamentals - Originally part of the NET framework, C# has proven to be
a top option in software development for Microsoft because of its scalability, dependability,
and simple syntax. The first part looks at the basic structural guidelines and conventions
needed to write C# programs. From here, the trip delves into an in-depth study of data
types, revealing the nuances of integers, floats, strings, and Booleans—the fundamental
building blocks of data storage and processing.

Chapter 3: Harnessing the Code - In this chapter, we will use iterative techniques to explore
iteration and learn how to effectively navigate data. We will clarify type conversion and
type casting as we proceed, thereby equipping you with the tools to properly manage
data. Furthermore, we will cover the principles of robust error management and exception
handling, enabling you to produce consistent and reliable code.
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Chapter 4: Functions In-depth - In this chapter, we will find ways to improve your code’s
modularity and adaptability. Techniques for exception handling are discussed to ensure
robustness and to safeguard your code from unexpected errors. The need for unit testing
in C# is also addressed since it helps to preserve code quality and dependability.

Chapter 5: Building Apps with OOPs- In this chapter,thorough investigations of key
ideas such as encapsulation and abstraction will help to create strong and safe programs.
Moving into advanced subjects, we explore inheritance and polymorphism, which enable
dynamic behavior and code reuse. Along with static and instance members, you will
investigate constructors, acquiring a clear knowledge of how objects are initialized and
controlled.

Chapter 6: Mastering Interfaces and Inheriting Classes- This chapter explores
polymorphism, which enables objects to take on multiple forms; examines inheritance
as a foundational concept in object-oriented programming, facilitating code reuse; and
discusses the value of interfaces as contracts for class behavior. Mastering these basic
concepts will help you build a solid foundation to enhance your programming skills.

Chapter 7: NET Toolbox - Forming one of the basic data types within the NET framework,
strings are crucial in many applications. They provide many features for text manipulation.
Focusing on the string class and its closely related types—such as DateTime, TimeSpan,
encoding, and regex—this chapter guides you on an in-depth exploration of the System
namespace. We will demonstrate their practical applications in various situations and
reveal the architectural ideas and design choices that underpin these classes

Chapter 8: Data in Motion- This chapter covers the fundamentals of file operations in
NET, including reading and writing text files, handling file and directory exceptions,
and guaranteeing safe file operations. We also examine the key role of .NET streams in
supporting data reading and writing across various sources, including files, networks,
and memory. You will also learn about .NET serialization, a strong tool for transforming
data structures or objects into digital forms for storage or transport.

Chapter 9: Data Handling with EF Core - This chapter explores Entity Framework Core
(EF Core), a sophisticated Object-Relational Mapping (ORM) framework designed for
.NET applications. EF Core simplifies processes and increases output by utilizing .NET
objects instead of SQL queries, thereby enabling efficient data management.

Chapter 10: LINQ Unleashed- This chapter delves into the intricacies of Language
Integrated Query (LINQ), a powerful C# feature that enables programmers to query and
manipulate data seamlessly across multiple data sources. You will learn to use LINQ
with various data types—including collections, databases, XML, and JSON—by means of
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a coherent and expressive syntax. You will also investigate leveraging LINQ operators,
lambda expressions, and deferred execution to create efficient designs and adaptable
queries.

Chapter 11: ASP.NET Core the Future of Web Development- This chapter introduces
a modern and flexible framework meant for creating web apps and services, ASP.NET
Core. Among its cross-platform support, great performance, modular architecture, and
strong security, the fundamental features and benefits of ASP.NET Core will be revealed.
Through hands-on activities, you will acquire knowledge of building a simple web
application, investigating its architecture, adding features, running tests, refining features,
and efficiently deploying it.

Chapter 12: Building Powerful Websites with Razor- This chapter covers Razor Pages,
a key feature of ASP.NET Core that utilizes a page-oriented approach to transform web
development. Emphasizing obvious separation of concerns and effective datamanagement,
Razor Pages simplifies the process by combining C# and HTML into a single file. Using
Razor syntax, Tag Helpers, layouts, and partials, you will learn how to create and control
Razor Pages using the NET Core framework to build dynamic and responsive online
applications. Form management, user input processing, data validation, and fundamental
Create, Read, Update, Delete (CRUD) activities using Razor Pages are all covered in the
chapter.

Chapter 13: Website Development Using MVC Pattern- This chapter explores the Model-
View-Controller (MVC) architecture within the ASP.NET Core framework, a powerful
tool for creating modern web applications. You will learn to create views and controllers,
set up MVC routing, use Entity Framework Core to handle data, apply strong form
validation, and use ViewModels to simplify your development process.

Chapter 14: Mastering Web Services- This chapter provides a comprehensive overview
of the various web service domains within the .NET environment, including an analysis
of their potential as well as their challenges. Emphasizing strong security policies against
current cyber threats, it unpacks the complexity of building and using web services from
basic ideas like RESTful APIs in ASPNET Core to advanced technologies like gRPC and
GraphQL.

Chapter 15: Blazor for UI Development- This chapter explores Blazor, a state-of-the-art
UI framework using C# for both client-side and server-side programming. Key subjects
are thoroughly investigated in it, including Blazor component development, project
organization, form handling and validation, JavaScript interoperability, CRUD operations
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with Blazor and Entity Framework Core, differences between Server and WebAssembly
models, routing, and application testing.

Chapter 16: Packaging and Deployment- This chapter explores the complexities of
packaging and distributing .NET applications, including a thorough guide to components
and libraries, NuGet’s important role, and the process of publishing code for deployment. It
highlights the importance of .NET Standard and .NET Core libraries, assembly versioning,
the Global Assembly Cache (GAC), and strongly named assemblies.



xi

Code Bundle and Coloured Images

Please follow the link to download the
Code Bundle and the Coloured Images of the book:

https://rebrand.ly/i244egu

The code bundle for the book is also hosted on GitHub at
https://github.com/bpbpublications/C-Sharp-13-and-.NET-9.
In case there’s an update to the code, it will be updated on the existing GitHub repository.

We have code bundles from our rich catalogue of books and videos available at
https://github.com/bpbpublications. Check them out!

Errata

We take immense pride in our work at BPB Publications and follow best practices to
ensure the accuracy of our content to provide with an indulging reading experience to our
subscribers. Our readers are our mirrors, and we use their inputs to reflect and improve
upon human errors, if any, that may have occurred during the publishing processes
involved. To let us maintain the quality and help us reach out to any readers who might
be having difficulties due to any unforeseen errors, please write to us at :

errata@bpbonline.com

Your support, suggestions and feedbacks are highly appreciated by the BPB Publications’
Family.

Did you know that BPB offers eBook versions of every book published, with PDF
and ePub files available? You can upgrade to the eBook version at www.bpbonline.
com and as a print book customer, you are entitled to a discount on the eBook copy.
Get in touch with us at :

business@bpbonline.com for more details.
At www.bpbonline.com, you can also read a collection of free technical articles,

sign up for a range of free newsletters, and receive exclusive discounts and offers
on BPB books and eBooks.



xii

Piracy

If you come across any illegal copies of our works in any form on the internet,
we would be grateful if you would provide us with the location address or
website name. Please contact us at business@bpbonline.com with a link to
the material.

If you are interested in becoming an author

If there is a topic that you have expertise in, and you are interested in either
writing or contributing to a book, please visit www.bpbonline.com. We have
worked with thousands of developers and tech professionals, just like you, to
help them share their insights with the global tech community. You can make
a general application, apply for a specific hot topic that we are recruiting an
author for, or submit your own idea.

Reviews

Please leave a review. Once you have read and used this book, why not leave
a review on the site that you purchased it from? Potential readers can then see
and use your unbiased opinion to make purchase decisions. We at BPB can
understand what you think about our products, and our authors can see your
feedback on their book. Thank you!

For more information about BPB, please visit www.bpbonline.com.

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




xiii

Table of Contents

Introduction to C# 13 and .NET 9....... 1
INErOAUCHON. ... 1
SEUCHUTE. ..ot 1
ODJECHIVES ...t 2
Introduction to C# and .INET ... 2
What is 18w i1 CH 13 ..ot 4
Choosing the right tools for C# programming.............ccccccveeunirinninicinisiniesicineennns 5
Integrated development eNVIrONMENE ............ccocuvueueveieieiiiiiiicieee e 5
COMPILLT .o 6
Libraries and frametorks ............ccccvvvvivviieieininiiiiiiiiiiisieeiccc 6
SOUTCE COMETOL.....ooiviiiiiciictc e 6
UNIE £ESEIIG ovvviviiciinicictit et 6
Understanding application types in C#..........cooovviiininnnnninccceeeeeaes 6
Differences between types of ppliCAtIONS ..........cevevevviiiieieieineiiiiiiiiccceese 7
Console APPLICALIONS .......cvvveviiiiiiiieieiiicicicttctce e 7
Windows Forms applications ...........c.ccecvvevinnecinniiinieeiiieiiiseesiseiiseicsinens 7
Windows Presentation Foundation applications .............cccecmeveeneincneeninnen. 7
ASP.NET AppliCAtions...........ccccvviiiiciiiiiiiiiiiiiiiicisicieicieicctcs i 8

Blazor applications ...........cceeeieveiiiiiicicicicie e 8

Mobile applications with NET MAUL ...........cccccovvvmnnniniiiiiiieseeiciisisccncnn 8

Game development With UNitY ..........ccccoeeeiiiiiiiiiiiiieieicccccce e 8
Universal Windows Platform applications ..........c..ccecvvevnnccinnccnnicinenean, 8

NET Multi-platform App Ul ..........cccovvmniiiiiiiiiiiiniciicciiiiseecciccs s 9
Subtypes of INET MAUL .........cccovvmmiiiiiiiiiiicicccciitciccs e 9
Model-View-ViewModel and Model-View-Update architectures ........................ 9
Deploying cross-platform applications...........ccccececcrieininiiinininicicceeeccanes 10
Choosing the right framework...........ccccoeveveiiiiiiiiiiiiiiieice e 10
ReqUirements ..o 10

Pros and cons of choosing WFP and WinForms.............cccoveiinneccniiiiiiiiiiainns 11
Designing for cross-platform compatibilityy ............cccocovvviiiiiiiiiniiniiciiiiias 12

Utilizing .NET’s cross-platforin t00lS ...........ccocvvueeeniiioiiiiiicicieeciccicne 13



Xiv

2.

Deploying with platform-specific cCONfigurations.............cccoevvvvvvvivsncvcciiiiniiininns 13
Ensuring thorough teSting ...........cocoevvvviiumurieesisieiiiticccicee e 13
Implementing a CI/CD Pipeline............ccccucvicuniciniiniiiiicicisicicicess e 14
Windows applications deployment...............ccccooovvvvvvvinennciniiiiiiisieecccan, 14
WebForms applications deployment.............cccoccvvevinvccineicineinineisneininens 15

Console applications deployment .............ccoovvvvciiiiiiiiiinniciiiceen, 15

Mobile applications deployment ..............ccccovvvvvivivnciiiiiiiiiiiiniiicccceisa 15
Android deployment generating APK and AAB Files............cccovvueeieieiiiinnnes 16

NET MAUI deployment .........cceeueeieiiviiiciiicisisieiisisicccicies s 16

i0S deployment crafting the IPA File ............ccccovvvvvecnsciiiiiiisccccesiein, 17

Mac Catalyst deployment the APP and PKG files.........cccooevvvnvcinnciinnciniiinnns 17
Role of integrated development environments .............ccccocevvininininiiniiniiinnnennee, 17
Consolidating essential t00lS.............cccuviviviiiiiiiiiiiiiiiiiciiiicc e 18
Code editing and Management .............cococveeueeeeieiiiieinceeeeeesesee e 18
Debugging and testing...........cocvvvieviiiiiuiiiciesisieiicicccce e 19
Integration and exXteNSIONS..........c.covvveveveieieiiiiiiitciee et 19
Collaboration and deployment ...........c.ccccvvevirvcininiiiiiiiiiieeietseese s 19
NET Framework vs. NET COre ........cccoouiimiieiiiniiiccccceee e 20
Overview of C# and .NET ecosystem ..........cccccoeeiiiiiiinininiiiiccinccce 21
Installing and configuring Visual Studio ..o 21
Exploring Visual Studio Code for C# development .........ccccccoeviiviiiiinninicinininee. 23
CONCIUSION.....eeiiiiiitictct ettt 24
KeY OIS ..ottt s 25
QQUESTIONS ...t eettee ettt et eereeeee e e eetae e eeteeeeetbeeeeeaseeeesseeeesseeeensseeeessaseseaseeesnsseeensrens 25
ATISTWLTS ...ttt 26

C# Fundamentals ......... 27
INErOAUCHON. ..ot 27
SEIUCHUTE. ...ttt 28
ODJECHIVES ...t 28
Basics of CH SYNtaX......cccoiiiiiiiiiiiiiiiic s 29
Features of CH [ANGUAZE...........cccccovviviiiiiiiiiiiiiiiiiiiiicicccc 29
Working with variables in CH............cccoiuiiniiniiiiccces 31
Storing and manipulating data in C#.........cccoeiiiiiie 32

Understanding C# Operators..........ccooueueieieiiiiiiiniiinicecc e 33



Fundamental C# data types........ccccovuviniiiiiiiiiiiiiniiinicc e 37
Understanding C# NameSPaCeS ..........ccceueueuiiiiiiniiiicicicieieeeccces e 39
Introduction to C# statements, expressions, and operators............cccceeevrvrverevennnee. 42
Using value and reference types in C# .........ccoovviiiiciinininininccccceeeeeeenee 43
C# type conversion teChNIQUES ...........ccceuviiciiiiciiiniceceeeece s 45
C# keywords and identifiers ... 47
CH KCYWOTS....ovvviiiic e 48
Guidelines for {dentifiers ..........coovrmureieiiiiiiiiiiiceee s 48
CONCIUSION.....viiiiiiiiciiiici s 49
3. Harnessing the Code ... 51
INtrOdUCHON. ... 51
SEIUCHUTE. ...ttt 51
ODJECHIVES ...t s 52
Control flow in C# with selection statements.............cccoeurueciricininincinicinieincicnnes 52
IF SEALETNENILE ... 52
1f-€1SE SEALCTNENE ...t 53
If-else if-else StALEIMENE ........ccvviiiiiiiiiiiiiiciciciit 54
Iteration statements in CH ... 56
Foreach Statement ...t 56
GO0 SEALEMENLE ...t 57
Yield StALEIMENE .........cvoveiiiiviiiiict s 58
Understanding data type conversion in C# ..., 59
Looping constructs in CH ..o 65
FOT LOOP ..ottt 65
WHILE J00P ...t 65
DO-THIIE TOOP «.ovvvvviiicicicee e 66
Understanding and using nullable types in C#.........ccccccooiviiiininiiccnes 67
Lifted OPerators.......ccvuviviviciiiiviciiicicicicctit s 68
Identifying a nullable value tYpPe..............cccvvvviviiiiiiiiiiiiiiiiiciccce 69
Unchecked and checked operators in C# ..........cccoccenicnniceninccreerceeeeenene 70
Unchecked OPerator ...t 71
Checked OPerAtOr........cvuvuvueiiieieieiiiiciccice e 71
Overview of exception handling in C# ...........ccccociiviiniiiniiininicnicicncceceeaes 71

BeSt PIACHICES ...ttt s 74



xvi

Implementing robust exception handling ...........cccccvciviniiiiiiininiiniciicenes 75
CONCIUSION. ...ttt 78
4. Functions In-depth....... . . . . . . 79
INErOAUCHON. ...t 79
SHUCKUTE. ... s 79
ODJECHIVES ...t s 80
Basics of function writing in CH ... 80
Function declaration .............ccoeeeeeeiniiiniiciciiicieee et 80
FUnction parAmeters ............ceveecvvieveieieieiciiiiiiteeeeecce e 81
Function calls and veturin FYPes .........ccceveiviviiiniviciniiiiiiiicisicitsecises 81
Functions as parameters............ccovvcoininiiiiniciiiieiicseseiesee s 82
Passing objects as parameter ...............cccccvviiiiiiiiiiiiiiiiiiii 83
Using lambda expressions in C# functions..........ccccceceueunininininincccceecccccnes 85
Identifying [ambda eXpressions ............ccevvvvveurueieieieisiiiiiiccee e 86
Lambdas eXpreSsion. .........cvcueueueinicieioiiiiiiicicieieieiesisscsces s 86
Lambdas Statement ............ooovevevviviiiniieieiiicicicici 86
Understanding the different types of lambda expressions..............c.ccocvvvvvveveiiinininns 87

THE ACHOM ..ot 87

LINQ 1ambda expressions ...........ccovvvuemuerereisisieiiiiciieieiessiesssesssssssses e 87

Lambda expressions SCOPE ...........wweveveveumueueueieieiiiisiscscieisisiesssssesssssase s 88
Anonymous lambda fUnctions...............ccccceeecceesssiiiiiceee e 88

Sample using local [ambda FUNC...........c.cccccvviveininiiniiiiniiiicciscicc 88
Debugging techniques during development ...........c.ccccceuvicueiniiiirinicennicneeenn. 90
Stepping through COde............ccccovvvviiiiiviiiciiiiiiiicicicccc s 90
Examining variables..............ccveeeieiiiiiiicceceeieieccc 91
Debugging WindOws ..........cvuvueveieieieiiiiiiicicicieisisieiesice s 91
Handling exceprions..........c.ccovvcueueueisisiiiiciiiicisse et 92
Debugging multi-threaded applications.............ccccovecivvciinvicinniiniieciseiiiean, 92
Remote debUQINgG ........ccovveueviuiiiiiiiiiiiiiieiciccictt s 93
AEACH 10 PYOCESS ...ttt 93
Tips for deDUGGING.....c.vuvvevereveiiiiiiiiiiieieeie et 94
Implementing unit testing in C# ... 95
MaKing Unit tESES .......cveveviiiiiiieieieiccc e 95

Unit test execution and MANAZEMENT .........ccocovvvvvvevirviiiiieiiinieiiiecisesec s 96



Best practices for Unit teSHING .......cccccviviviviiiiiciiiiiiiiciciciccccc 96
Understanding C# methods and parameters............cccccocuvieiniiiinicininincnicces 97
Creating @ MEtHOM .............cvuvuvvviiiiiiiiiiiiiccce e 97
Arguments and method Parameters.............cocovvveieveieieiiieieiciiieeiceeice e 98
Parameters 0f DALUE .............c.coueveviiiiiiiiiiiiicicicccc 98
Parameters of 16ference.............coccvvviviiiiiiiniciiiiiiiii 98

ATTAYS Of PATAMELETS ..o 99
Methods of 00erl0adiNg .............coovueueieiiieiiiiiiiiicceee e 100

Using classes to simplify functions with many parameters.............cccccecevevevrinuennes 100
Introduction to .NET debugging tools............ccceeuirririiinininiiiiiiciciccccccces 102
Debugger for Visual SEUAIO...........ccoovveivinviiiiiiiiiciniiiiecisicitsecse s 102
Advanced debugging OPHONS ............cccvuvueviiiiiiiiiiiiiicieiccctsi e 103
SOS debugging extension .........oweevevevevivieerieieieieieiesisisceee s 103
Writing testable code, the best practices .........ccccocvcuririniiriccinicinincsicsccne 104
The principle of single 1eSPONSIDIlitY ..........ccocovvvuvueieniiiiiiiiicceeeees 104
Dependency iNJeCtion .............cueeueeeueiiiiiiieiiisieieiicccse e 104
Av0id USING SEALIC MEHNOMS .....coveiveiiiiiiiiiciiiccce e 105
INET UNIE EESHIG .ottt 106
Stubbing and MOCKING...........ccovveueueieieieieiciciiccee e 106
Prefer composition t0 iMNeritANCe. ...........ccccveurueueieieiciiiiiccee e 107
Using testing frameworks, the NUnit and XUnit ........cccccccecuvicinicincnincinicincnin. 107
INURIE oottt 107
XURIE oottt 109
NURNIE SAMPLE ...ttt 111
XUNIE SAMPLE ...t 114
xUnit extensibility SAMPIE ...........cocvevevvicieieiciciciciicccece 117
Working with return types and void methods............cccocviiinicininininiccniccnn, 119
Methods With TetUrTL FYPES......cocveveveeiiiiiiicieieieiccc s 120
VO0id MELROMS ... 120

Using return types and void methods t0gether .............ccoovvvvvviviiniiiiiiiiiiiiiiieines 120
Returning tUPIes ..o 121

Return type named tUPIEs .............ccvovviereieieieiciciiiiccceee 122
ASYNCHIONOUS TEHUTTL FYPE ..ottt 123

Using awaiter and GetResult with asynchronous methods...............cccccccevvvnneee 124



xX0Uiii

Understanding and applying recursion in C# ..........cccooeeveinniicncnennccnes 125
Learning the 1eCUTSION ...........cvvueueveieiiieiiiiiicieieie et 125
Recursion i CH c...ovvvieieieieecciictc e 126
Understanding the recursive call SEACK ...........ccoovevvvviiiniiiiniciiiiciniiciicc, 126
TAIL TECUTSION ..ottt 126
Iteration US. TECUTSION ....cvvvvveveiiiiriicieiiicicic s 127

CONCIUSION.....ouiiiiiiiicc s 128

5. Building Apps with OOPs.......... reesnseeaesnsaeseaees 129

INtrOdUCHON. ....cviiiiiiiiiii s 129

SHUCKUTE. ... s 130

ODJECHIVES ...ttt 130

Creating classes and objects in C# .........cccccoviiiiiiniiiice 130
Recognizing classes And 0DJECES ...........covvveuiueueeieieiciiiiiicceeeee e 130

Creating @ CH CLASS ......coouvveveiiciiiiieieieeict e 131
ApPlICAtion il PrACHCE ........ccvovvveveieieiciiiiictitcieeeecse e 132
ReCOTA ODJECE......cuiiviiiiiiiiiiiciiiciiicct s 133
Defining and Using reCords ............cccocvveuriviniiiiiiiiiiciiiiitiiciseecccs 134
SqlDataReader 1eading.............ccovuvueuiuiiiiiiiiiiiiiciiicciic 134
Understanding 1eCOrd X CLASS .........cvuvveveveiiiiiiiicicieieieicieieiccceiee e 136

Using properties for data access in C#..........ccoovviviinninninininicccceeecnes 136

Properties in CH ...t 137
Property syntax in CH ..ottt 137
Using properties t0 ACCESS AALA ............ccuvueiciiiiiiiiiiiiiiiciiiiiciccc e 137

Storing data with fields in CH.........ccoviieiiiicccccece s 139

FIOIAS ... 139
Fields and encapsulation ...............cccoveevemeieieieiiiiiiciceeeeeescsccee e 140
Using fields to store data from a database .................cccccccvvvcinininnincccian. 140

Getters ANd SEHETS.......cucvivevivciiiieiicieieie e 141

Modified getter And Stter ............coovviviiiiiiiiiiiiiiiiiiiiciccc s 142
Getter and setter with lambda expression ...............cccccvcvveiiiviinccccininnan, 142
Using PostgreSQL and fields .............cccovvvviiccunenisisiiiiicccieeee e 143
Data storage in MemOTY ........ccccovvveveieieieeiiiiiiieieieieeseest s 143
Data entry into the database ................cccceeevvvvvveieiniineiiciiiiiiiiieeeeccas 145

Writing and calling methods in CH ..., 147



Defining method in CH .........coeveveiviiiiiiiccieeeeeeccciee e 147
Method 1etUTTL FYPES.....cucueeeeiieieiciciicccee e 148
Passing multiple parameters...............cooveeeviviiiiviieisieiiiiiieee e 148
Optional Parameters...........oovvcvvveieieieeiiiiciciieieeec s 148
Overloading MEtHOMS ...........ccccovviviniiiiiiiciciiiisiscet et 149
Default parameters DaAlUes...............ccovvvvveveiiiiieiniiiiiiiiicccccc s 149
Polymorphism and OOP parameters............ccccoovvvvciiiiiininiiiniiccciiciines 150
Creating extension Methods ...............ccovveeueeeeiciiiiiiiice e 151
Practical example ... 151
ColleCtions eXAMPLE ...........c.cooveveveieieiiiiiiiicicieiceec e 152
Overloading extension Method...............cccvvvevinincininiiiiiniciniecinciseeisee 153
Extension changing type returil...........ccoovevvvienucciiiiiiiiiisisieecicssseseee e 154
Understanding encapsulation and abstraction.............ccovvviniiiiininiiininnnee. 155
ENCAPSUIAFION ... 155
ADSHTACHION ..ot 156
Implementing inheritance in C# ...........ccccviinrinirincinicicceeeeeeeeeae 157
Understanding iMRETTEATICE ........c.ccovveivivieininiiiiiiiisieiitsiecisetse e 158
Example 1 of creating a simple inheritance hierarchy................ccccevvvvnnne. 158
Example 2 of abstract classes and overriding...........ccoocovvivivicnccccninnnnnn. 159
Understanding polymorphism in C# .........ccoviiiiininiiniiiciiccccscecee 160
Recognizing polymorphiSHL............ccvvveveiiiiiinieieicicicictccce e 160
Static/compile time POLYMOTPRISIL.......c.cevveeueerieieisieieritieinieesetee et 160
Overloading polymorPRISIL.........ccccoviviveiiiiiiiiiciieetssctse et 160
Polymorphism with 0Verriding ...........cccovviviviciiinniiiiiiiicseeccccsesesne 161
Creating and using constructors in C# ..........ccccceoviiviniiiiccccce 163
Constructor efault ............cvvveveieiiiiiiiiiceeees 163
Parameterized DUIIAET ..............ccueueieieviiiiiiiicicieecc 163
Using inheritance CONSHUCIOTS .......ouieiiiiiiiiiiieieieieiciititc e 164
Constructor With IMAEITEATICE ............ccoovviiveiiieieieieiiee e 165
Working with static and instance members in C#..........c.cccccevieivnicinnicenecnnn. 166
Understanding instance members...............ocvvvvvivcciiiiiiiiiiiiicccscciisinas 166
Understanding Static MemDbers ............ccvveeiviviiiiiincicieieieisisiccccceeee e 167
Static vS. iNSEANCE MEMBETS .........cccveveveviviiiiciiiiieieieicct s 169

CONICIUSION ...ttt ettt e e e e e ab et e e e e e saaateeseesssastaeeesssssaasaeeessssnssaeessanns 169



XX

6. Mastering Interfaces and Inheriting Classes.......... crereesnerensneresnnes 171
INErOAUCHON. ... 171
SEUCHUTE. ...t 172
ODJECLIVES ...ttt 172
Understanding the concept of interfaces in C# ..........ccoceuvcirieinicncnivcinicnneennn. 172

History of OOP and its relationship t0 biology ............ccccovevvvvvviiiviciciiiiiiiiiiiinns 173
Introduction to OOP with C# interfaces........ocoevvevvvivvvucneeieieiiiiiiccceeein, 173
Impact on teamwork and testing ............cococveveeeeieieiiiiiiiieee e 173
Interfaces ANd INET ..........cccoovviuiiiiiniiiiiiiccciesce e 174
Implementing interfaces in C# .........ccoooeiiiiiiiiiiiiiic e 175
Class INheritance in CH ..ot seees 177
Vehicle is the Dase CLASS............cccciiiiiiiiciiiiiiiiiiiiiiciccc s 177
Derived class: SPOTtSCAT .........ocovvvvvireurieieieieiciiciccccee e 178

The derived class LUXUTYCAT ....c.cvvveveveieiiiiciiieieieeiciiiccccee s 178

The derived class TrUCK...........cccuvueeieiiieiiiiiiiciciecicicccce s 178

The derived class UtilityVehicle...........ccccovvivviinniiiiiiiiiiiiiciiciisn, 179

Code reusability and 0rgANIZALION ........ccccvvvvviieierieiiiiiiiiiisicecccc s 179
EQSY MATNEETANICE. .....cvvvvvvcviiiiciiiciciiicicc s 179
AGIle EXPATISION ..o 180

Tearm collaboration............ccccucriiiiiiiiiiiiiciciiiiicic s 180
Polymorphism in C# via INterfaces ..........cccocveuiuciniiniiiniciniieicsiciscecieeeseseenens 180
Understanding polymorphRiSHL ..........cccvciviviiiiivciniiiiisciciisee 180
Polymorphism vig interfaces .............ccovvviveerciiiiiiiicicieicccciseeee 181

A sample e-commerce appliCAtion..............cceeuvciviiiiiiinininiiciciiiiiieeeeians 181
AQVANEAZES ..o 183
Reusability and extensibility through interfaces and inheritance......................... 183
Leveraging polymorphism with interfaces ............c.cccocccvveiniveivinccccciiiiiiisenas 185
Interface iMNEritaAnCe . .........ccovviviviciiviviiiiiiiicisciccc 185
Memory management of the reference types and value types..........ccccococueuiunne. 186
VAIUE FYPES ..ot 186
Reference tYpes .......c.cuvuevevvveiiiiiiiiicieieiccee e 187
Nullable interfaces i CH .........covvueeviniiiniiiicieieiee e 187
Understanding virtual, override, and new keywords ...........ccccoeovriniiiiiiinnnnes 190

Key UIPFUAL ...ttt 190



Key OVOITIE. ...ttt 190
KEY MW e 190
Abstract classes vs. INterfaces..........coovreueueininiiiiiiiiccc e 194
The impact of knowing when to use abstract classes versus interfaces in C# ......... 196
Role of interfaces in enforcing contracts..........ccococoeeeiiiiiiiicccce, 197
Understanding System.Object and the inheritance hierarchy in C# .................... 199
INRETTEANICE. ... 200
POLYMOTPRISHL .o 200
CONCIUSION. ...t 201
7. .NET Toolbox . . . . . cererererenessssaeaens 203
INErOAUCHON. ... 203
SEIUCTUTE. ..ttt 203
ODJECHIVES ...t s 204
Understanding System.String and string manipulation techniques .................... 204
The importance of the SYStem.StriNg ..........cccovvvveueesiiiiiiiiiiccees s 205
METHOTY vttt 206
Maximum character CoUNt ..........oovmmiiiieiiiiiiiiiieieieeetee e 206
MeTnory 1eStYICHONS «..vcvvvinicveeiicvciiicteictcttsse e 206

The UNICOME.........coovoviiiiiciiiiiiicicicccct s 207
Goals and features Of UNiCOAe ..............coovvurvueeeieiiiiiiiiicceeeecccceies 207
Importance of UNiCOAe...........cvvviviveiiiiiiiieiciciciiiiciccee s 207

WHhAL S ASCIL ...ttt s 208
ISO enCOAING ...t 209
String manipulation teChNIGUES...............cccvivciiiiiiiiiiiiccciiccc e 210
Working with dates and times in .INET .......c.ccccoviiiniinicrceeeeeeeeeenene 215
Regular expressions in .INET..........cccoiiiiiiincce 218
Understanding and using .NET collection types..........c.cccccovuviicriiiinninininicnnnes 221
ANET collection tYPes .........cceueeiiiiiiiiiiieiciiiiiiiciciee s 222
Working with arrays and tUpPles..........c.cccuneiniinicnieiieceeeeeeeeeaees 235
Understanding nullable types in C# ..........ccooiviiniiiiiinicccce 237
Manipulating strings with StringBuilder...........c.ccccccvievicnncncrceeen. 239
Parsing dates, times, and numbers in .INET ..........cccccooviiiiiiinniiice, 240
Understanding .NET format strings..........c.cccoeevivimnnnninniccceecccccnes 242

Using System.Guid and other common .NET types.........ccccceuceuriueuniiricinicunenenn. 246



xxii

About unsigned and signed iNIEers.............ccvvvivivivciiiiiiiiiiciiiieccce 247
CONCIUSION. ...ttt 248
8. Data in Motion . . . . . cererererenenessssas 249
INtrOAUCHON. ....cviiiiiiiiicicc s 249
SEUCEUTE. ...ttt 249
ODJECHIVES ...ttt s 250
Basics of file operations in NET ... 250
SYStem. O NAMESPACE. .........cvvvereieieieieieiiiicieteie e 250
Reading data from @ file............cccveveiviiiiiiiiiiiiieccicccce 251
Creating A file ........cvueueiiiiiiiiiieiiiiicccc e 252
Understanding streams in NET ..., 254
SHEAM OPETALIONS ... 254
Reading and writing text files in C#.........cccooeiiiiiniiiiie, 257
Reading text files ..........covvvvviiiuiucinieieiiiitccccee e 257
USing StreamReAder ..............ccovvviiucuimeieieieiciiiitcccee s 257
USING File CLASS «....vvvvvievciiiiiiiicictcet et 258
USING SEEATMWEIILET ...ttt 258
Err0r RANALING ..ot 259
Introduction to serialization in .NET.........cccooiiiiiiiiiiii e, 260
Main types of serialization in NET .........c.cccccooviviviicnenieisiiiicccceeeeesns 260
Binary serialization .............coovevvviveieieieniiiiiiiieieieieeec s 260

XML Serialization........cccveveveveueiereuiiiiiiiiiieieieicccet e 260

CUStom SeriAliZAION ......cucveveveveveiiiiiiicieieee e 261

XML and JSON serialization in .INET .......ccccooieiiiiiiieieececeeeeee e 261
XML and JSON ..ottt 261
XML 5erialization SAMPLE ...........ccevveveveviiiiiiiieieieieicicitcce e 263
JSON serialization SAMPLe ............ccvveveveieieieiiiiiiicicieeee s 264
Binary serialization in NET ........ccccccocoiiiiiicc e, 267
Important conSIATALIONS .........coevviriviioirieiiiiiiiiici s 268
Understanding file and directory classes in System.IO...........ccccccvviiiinininininnnen. 269
Working with paths, buffers, and memory streams..........c.ccceeeeuverecrrnicreenecnnn. 270
Handling file and directory eXceptions.........cccceuevvieiviicccicininiccceeeee, 272
TYPICAL @XCOPHIONS. ....vvvvereeiriiiteieie ettt 272

Exception handling fundamentals .................cocccccviioinininnncicciiiiiceeeecee 272



Secure file operations and file I/ O permissions ...........ccccccveueuecuricinicininicnnecnnns 273
CONCIUSION. ...ttt 275
9. Data Handling with EF Core...... . . . rereeesneaeneneanens 277
INErOAUCHON. ... 277
SHUCKUTE. ... 277
ODJECHIVES ... 278
Introduction to Entity Framework Core ..........cccoovviiiiccninicccccee, 278
Core features of Entity Framework Core...........ccovvviviivceenieiiiiiiiccceeeiein, 278
Why use Entity Framework COre..........c.cccovviviivvcsniiiiiiiiiciciesssissccscnenns 279
Working with databases ...t 280
Steps to create @ MOAeL............ccocvevvirieiciiieiiiiiiiiisiciieet sttt 282
Querying data using LINQ.........cccooviiiiiiiiiiee 284
Learn to query data using LINQ i1t EF COTe.......cccovvvvmureeeeicieiiiicccieee e, 285

EF Core and LINQ X ADO.NET .....ooooiiieieiseisesetet sttt 286

EF Core and LINQ COMPATISONS .......ccovvrvvrucurieisisiiiiiiiiiicisisieisieiesssssssscssisis s 289
Understanding EF Core change tracking..........c.coccceeeeveueuninnninicccerennnnineeeenes 290
Change tracking vs. manual tracking in ADO.NET ...........ccccovvvviviviiiiiinnencnnnn. 290
Change tracking in EF COTe.........ccccviviviviiiiiiiiiiiciiiiiicicccccs s 291
Configuring a database using EF Core.........ccccooiniiiniiiiicccccee, 292
PostgreSQL Aatabase..............ccvueueueieiiieiiiiiicieieieicieite e 293
MYSGLAAEADASE ... 294
The Microsoft SQL STULT .....cccvvvirviniiieiiiiiiiiiiiiciieet sttt 294
Oracle dAtabase................ccvviviiiiiiiiiciiiiiictc s 295
FIAL SEEPS.....iriviiieieieiiieiiteeectse ettt 295
Performing CRUD operations using EF Core ...........cccocovvvrninnnniniiccccceene, 296
Navigating relationships with EF Core.........cccccocuviiinininiiniciniciciccicceccne 301
EXPLANALION .ot 303
Learning how relationships are modeled................c.coccovvivinvccinviininciniicinincnnn, 303
NavIGALION PYOPETEIES c.cvcviviveriiiieriiciitcctc et 303
Migrations in Entity Framework Core.........cccocoviiiiiiiiiiiicccie, 306
Learning migrations makes developer’s life €asier ............oowvvvvvvviievcccueeieiainnn, 306
Before migration technology...........cccocovveucucucieieisiiiiiiiiicicice e 306
Sample for MySQL and SQLSEIVer ...........ccoovviuvrinniiiiiiiiciciccisseieiescccvnns 306

Challenges that migrations solve it EF COT........c.cccccvviivinvicinviiiiiiiciincinn, 307



XX10

Implementing inheritance with Entity Framework Core.........cccccoeuvuviivicininane. 308
Learn inheritance for concise, efficient, and clean code..................cccoovvvuerererninnnn. 310
Adaptability for unpredictable future needs.............cccccoovecviiioiiinnnncccinnn, 310

Performance considerations when using Entity Framework Core...........cccc....... 311
Financial CONSEQUETICES .........cccureuicirieiiiiieiiiiieiiisieiiisie ittt 311
User experience and product qUALTEY...........ccocvvvvvvieiiiciciiiiiiciciciccccccc 311
Steve Jobs and SAVING HIME ...........cvueveveveieieiiiiiiiceee s 312
Actions to make EF Core effiCient ...........coovvviviiiiiucrcieisisiiiiiccccieeeeieiesessnns 312
Lazy loading vs. eager [0ading ...............ccccovvvvviviiveiiieneiiiiiciciececcces e 313
Tracking vs. 110 HACKING .......ccovvivuiiiiiiiiiiiciiiicisisctiet sttt 315
BaAtch OPerations ..........ccovvcivieuecirieiiiiciiciiciciscteet sttt s 316
Filtering and Paging..........c.cccocovvivivivininiiiciiiiiiiicicicicecccsi e 317
INACKTNIG ..o 317
Av0iding SELECT * QUETIES.........coovovieeueieieieisiiiiiiccicieie s 319
COMPIlEd QUETTIES ... 319
Considerations of EF Core performance...........coovecinivvcinvccinniiisiiciseisisnencns 320

CONCIUSION.....ouiiiiiiiicictc e 321

EX@ICISES...ucuiiitiniitiiiciccir s 321
ATISTETS ottt 324

10. LINQ Unleashed ......... . . . . ceeesnresnresnasnnesnaens 325

INtrOdUCHON.....cviiiiiiiiiii s 325

SHUCKUTE. ... s 325

ODJECHIVES ...ttt s 326

Understanding Language Integrated Query ..., 326
The benefits of using LINQ .........ccovvueueueieieiiiiiiiiicieiesieieiicccee s 326

LINQ nd dAtADASES ........ooveueeeirieieiisieietseetseet ettt 327
Lists and collections in LINQ .......ccooevveirenieinieietsieieitsieiee e 327
Difficulties before LINQ ...........ccocomuimiiiiiiiiiiiiiisiniiiciiictisisieeiecscss s 328

Writing simple LINQ qQUETIES .........cccovuiiiiiiiiiiicccc e 328

Grouping and aggregation with LINQ ........ccccooeeuiiieinnicriicrnceeeeeeceneeeeens 330
AGGTEGALION .. 334

Using LINQ with Entity Framework Core...........cccccveininincinicininincisicineciceene 334

Understanding deferred execution in LINQ ..o, 338

AAVANEAZES ...ttt 339



Making developers work faster and easier..............ccoovvvvvvcviiiiiiiiiinicccnn, 339
Using deferred execution with EF COTe ...........cccovueeuveieieisiiiiiiccicieeeeieesssnn 340
LINQ to XML and LINQ t0 JSON ......cccoimiiiiiiiiiiiiccicicce e 341
XML, the markup [ANGUAZE ..............coveveurviviiiiiiiieieieieiicse e 341
LINQ'S uSer-friendliness.............c.ccocvvvviiiveiiiiinieniiciiiiiiiiiieisieiccscssiseseee s 343
Working with XML and JSON using LINQ .........ccccccovvvviiivininniiiiiiiiiciccccnn, 343
LINQ t0 XML eXAMPIE ...ttt 344
LINQ for XML 1€adiNg ......ccvueueveiriiiiiiiiicicieieieisieisiccciciene e 347
LINQ t0 JSON exXample ........ccovvviiviiiviiiiiiiiiiiiiiiiiciicicisccs s 348
Reading from [SON using System.Text.JSOM........c.cccocovvvvvmrvnciiiiininiciciesisiinn, 350
Using LINQ to manipulate collections and arrays...........cccocoeveeciinininiinnnnnennnen. 350
Considerations about LINQ OPErations .........c.coceceevecirnicinenecineinineneinneinennenens 352
Advanced LINQ OPerators .........ccccovuviiiriiiciiiiiiiiiiniiccccceccccssnens 353
Understanding lambda expressions with LINQ.........cccccoeuoiiniiininininiiciniciicn. 355
Anatomy of a lambda expression...........ccwevvviviiiiiiieeineei 355
Sample filtering a list of integers using Where..............c.ccoevevvvvveneneccccnnnnn, 355
Implementing custom comparers and equality in LINQ ..........cccccooviiiiiinnnnee. 356
Custom comparer for COMPLEX LYPE........ccvvvvvveiiiviiieiiriiiiiiicieeeecccas 358

What is NeW in INET 9 ...t 360
CONCIUSION.....ouiiiiiiiiic e s 362
EXEICISE vttt 363
ATISTTS ..ottt 363

11. ASP.NET Core the Future of Web Development .. . reerereessereneneaeenes 365
INtrOdUCHON. ... 365
SEIUCEUTE....cviiiiiiic s 365
ODJECHIVES .ottt 366
Introduction to ASPNET COTe ... 366
Creating a basic web application with ASPINET COre.........cccccuvvvivivviiiiereieienennn, 368
Setting up the envITONINENE.........ccucvvivieiriiiiiiieiiinieitse et 368
Understanding the SrUCHUTe..............cccvciiiiiiiiiiciciiiciiccs e 373
Developing the application..............ccocevviviviiiiiiiniiciiiiiiiiiisicecccs s 373
Testing the apPliCAtION .........ccvovveueurueieieieiiiiicce e 374
Enhancing the appliCAtion...............ccoovvverucucicinisisiiiiiicicicice e 374

Deploying the application ...............ceeeeeveveieiiieieiiiciiiiiiiiieieeecc s 375



XXU1

Understanding Razor Pages in ASP.NET Core ........coceeeiiieinincicciceiececcnes 375
Understanding the RAZOT SYNEAX ........cuvvvveveveiiiiiiiiicicicieieseicccciceee e 375
Razor Pages SEIUCEUTE .........cveveviieviieieiiicietcett e 376
Handling requests with page RANdIers..............ccovvvcivviinincicniiiniiiiiicinicn, 376
Form submission and model Dinding ..............cccooovvviiiiiiiiiiieiiiiccccccienn 377
Razor Pages routing and URL generation................ccccvvevvivieiiinnniccciiinisiininnnns 379
Creating the Razor Page SAMPle .............ccceeeveivieioiiiiiiicicieeieieiesscccee e 380
UISE CASES....uvcviviiiciiiciicti sttt s 382

Introduction to the Model-View-Controller pattern .............ccceeeuecuriccinicuninenn. 384
Model-View-Controller pattern in web development patterfi........ccovevvvvvinnnee. 385

MOGEL ...t 385
VAT o 386
COMETOLLET ... 388
Sample Controller for the View and Model .................cccoovveenneiniciniccnennnnn, 388
Creating and using View COMPONENLS..........ccouevvvvveucuiciiiiiiinisisiecccccas 391

Understanding middleware in ASPNET Core ........ccccooveciniiiininiciniicniccinienene, 392
Understanding what @ pipeline is............cccoevvvvvvieieiiiciiiiiiiiiiiiiecccccceiesne 393
Pipeline workflow example...............ccccveiiiiiiniiiiiiiciiiiiiicccc i 393
Why we need middleware................ccccviiviiiniiiniciciiiiiiiniciccccc 394

Middleware OYder ............ccccvoiiiiiiiiiiiiiiiiiiiic e 396

History of middleware in ASPNET Core .........cccooviiiiininininiiiccceenccccnnes 398
Goals of MIAALEWATE ..........ccoveiviviiiiiiiiiiiciiiiict e 398
Steps of pipeline WOrkflow..............ccccuvuviiiiiiiiiiiiiiiiiiiiiicccc 399
Avoiding middleware with route ShOTt-CirCUTHING .....ccvvviiviiiciiiiiiiciiciiica 399

Working with dependency injection in ASP.NET Core ........cccccovuviimniiininiriininne. 402
BAaSICS Of Dottt 402
Dependency injection fundamentals................cccccccocoivinininnnccciiiiiniiisecc, 402
Overview of routing in ASPINET COT ......cccoocvviveiviiiiniiiiicicisisiciciecisiscia 408

TYPES Of TOUING ...ttt 408
Utilizing route parameters ..........oovvvvnceiciiiiiiiiisisieccccsssie e 409
Advanced roUting OPHONS ......c.cuevevevevciiiiicieieieieeieteccee e 409
Understanding ASP.INET CO1e SECUTTEY .....ccvovvvviiriiiieieieieisiciiccicicieieieieiesesssans 410
Basics of error handling in ASPINET CoOTe.........cccocouvvvimruncsieiciiiiisiccicssisiie, 413

Understanding error handling in ASPNET Cote .........cccccoevinvvinvcinninnns 413



Error handling mechanisms in ASP.NET COTe ........covvveeeieieiiviicieieieieinnn, 413

Sample iMplementations ..........coceeeveveiiieiiceeeeeiiccee s 414
SUIMIATY ..ot 415
Understanding server-side vs. client-side in ASP.NET Core.........ccocoeeiniiuiinncnnne. 416
Server-side i ASPINET COTe......ovueveiiveveieiciiiiiiiieieieieicictcte e 416
Client-side in ASPINET COre.......ccoviveueueieieiiiiiiiiicieieieieeieccee 417
Improvements in INET 9 ..o 419
Support for polymorphic types in SignalR Rubs..............cccooovveeeeeniciiiiccienne, 420
CONCIUSION. ...t 422
12. Building Powerful Websites with Razor. . . reeenennaeaensaeaenes 423
INErOAUCHON....cevtt s 423
SHUCKUTC. ...t s 423
ODJECHIVES ...t s 424
Creating Razor Pages in ASPNET Core.........cccoeiiiiniiiiiiiicicccecc 424
Understanding the lifecycle of a Razor Page .........ccccccocuviuriciviciniicincisicinicicen, 429
Lifecycle of @ RAZOT PAZE..........c.coouevevieiiiiciiiiiiiciciccccctcicieee 429
Example 1 cOntact form........ccoovvvnimmiiiiiiiiciiiciiciccccicicciseeecccsss 430
Example 2 data display page ..............cccvvvvvviiiciiinincciiiiiiiciiiscccccsn 433
Working with forms in Razor Pages.........ccccveeurieerriiecrneericceeeeeeeeeeeenene 436
Form validation in ASP.NET Core Razor Pages .........ccccoevvvvviicccnicnniiccne, 438
Understanding Tag Helpers in Razor Pages ..........cccoeevinininiiciiccicceiicicnes 444
Razor syntax and its usage in Razor Pages ............ccccoeveviiniiiiicnce, 447
Features of RAZOT SYNEAX c.....c.cuvvviiiviiiiiiiiiiiiiiiiicicccecics s 448
Razor Pages key features for programming model................cccccovvvvciniiiiiiininnnnes 451
The advantages of using Razor PAZES ..............cccccccciiiiiiiniiinniiiiiiiciccccc, 451
Explanation of the Razor Page’s key features ...........cccoovvveeieieiiiincccececnnnn, 453
BeSt PIACHICES ...t 454

A Br0ad PEISPECLIVE ... 455
Creating layouts and partials in Razor Pages ..........cccccoovviiiiiiiiniicn, 458
Creating a lAYOUL ...........ccovvviviiiiiiiiiiiiiic s 459
Understanding Razor Pages partials .............ccccvvvvciiiiiiciiiiiiiiiciiiciicnas 462
Using partials in RAZOT PAZES...........ccvueueeeieiviiiiiiiiiiicicisieisieieiccicicieeeeie s 463
BeSt PYACHICES ...ttt 464

TYPICAL USE CASES ......vvvvvivciiiiiieieie ettt 464



xXxviii

Building a CRUD operation using Razor Pages .........ccccccoevvvvivicccinieinnciiccnne, 469
CONCIUSION.....ouiiiiiiiiic s 471
EX@ICISE ..viiiiiiiiiiiiicicn s 472
ANSWETS oottt 473

13. Website Development Using MV C Pattern . . reerereeeseeneneaeenes 475
INtrOdUCHON. ... 475
SEIUCEUTE. ...t 475
ODJECHIVES ..t 476
Introduction to the MVC pattern in ASPNET Core........cccocuvicuniirincinicinicineinnnnn. 476
Creating Controllers and Views in MVC ..........cccoeviinininiinninniiccncnees 477
MV C CONIOILETS ..ottt 478
MVC VIBUWS ..ot 478
Controllers and Views iNteraction ............ccccccccciiiiiiiiininiccciiiisiseeeecs 478
MV C and n-tier architeCture ... 478
ASP.NET Core MV C with n-tier implementation ..............ccceeevvvvveieinreeccnennnn, 478
Understanding MVC routing ........c.cccccveiviniiininiiiniiiiinciniiccseeseeenenenns 480
Working with data in MVC........cccoiiiiiiiiiiiiinccceeeecesese s 482
Understanding POCO ...ttt 483
Implementing form validation in MVC.......cccccooiiiiiccce, 486
Understanding the validation CONCEPt .............covvvvevreisnisiiiiiiicicieeeseeessan 487
Why validate on client and server-side ..............cccccccoveieiiniiivicccioiiiiiciieecce, 487
Validation’s role in improving Ul for a better experience..............ccceevvvunes. 488
Validation's influence on UX and overall satisfaction..............cccccccvvvvvnanes 488

The cost of poor business VAlIAALION .............ccvveveiviiiieicciiiiiicceccc 489

The advantages of effective validation in DUSTNESS ............ccccovereveieieveiiircrennnn, 489
Understanding ViewModel in MVC .........cccoooiiiiiniccccnes 500
Making a VIewMOdel .............ccccoviviiuiiucieiiiiiiiiiiicceciccs et 501
ViewModel binding t0 VIews .........cccccvvivivivccinniiiiiiiiiniciiieiiseciieii 501
Building a CRUD operation using MVC ...........ccccooiiiiiniiiice, 504
MVC and CRUD i1t ASPINET COTe. ......ovvueueiiirieiiicisiiicisieicisisicis e 505
Using Entity Framework Core with MVC.......cccccccociniiiniiiiiiiccicccc, 514
Entity Framework Core’s Key features .............cocvvvvvvvviuvinicnieiciiiiiiccciceeein, 515
Benefits of USing EF COTe ...ttt 516

Key concepts of DbContext, DbSet, MiQrations..........ccccevcvvivviininicinneininncncnn, 516



Our gateway to database operations with DbContext .............ccccccvvvvvnnnnne. 516
Managing entity collections with DDSet ............cccccveeieiiiciviciicceieieicnn 516
Changing our database schema with Migrations.............cccecevvvvcccninnnnne. 517
Configuring Entity Framework ...........ccccoovvimmiiiiiiiiiiiiisieieecccseeeeennnn, 518
Code-first vs. database-first APPIOACHES .......c.cocovvevvivcciriviiiniiiiiiieiiiecies 519
Code-first MethOAOIOZY .........coovvviiiiiiiiiiiiiiiiiiiiicicicisicccc s 520
Database-first StYALEQY .........cocovvvvviiiiriiiiiiiiiiiiiiciciciseccc s 520
Understanding LINQ queries with Entity Framework Core..........cccocvvvevevevennes 522
LINQ qUery creation ............coueeeiieieieieieieieieiicicieieeeeescsess s 523

Setting up the development enviroONMeEnt ..........ccococvvvvvvccivviiiiicinineiiseenn, 524
Producing and consuming APIs using MVC ..........ccccooiiinniie 525
Making APIs in ASP.NET Core using MVC........ccccoovvmviniiniiiniiiinccccnnnn, 525
Create a folder named WebApi in the 100t Project ...........coceeeieveievivivccieieieienennnn, 525
Testing in MVC applications..........ccoueeurirurinininiiiicicicie e 531
CONCIUSION. ...t 538
14. Mastering Web Services . . . . S 539
INErOAUCHON. ... 539
SEIUCTUTE. ..ttt 540
ODJECHIVES ... s 540
Introduction to web services in NET .........ccccooeiiiiininiiiiccccee, 540
Creating RESTful APIs with ASP.INET CoOre......c.ccccoviuiiiniciniiiciiciieicieicieeeaes 541
Exploring RESTful APIS .........ccoeueuiiiiiiiiiiiieieiciccicctctcseeesc 542
RESTful APIRISEOTY ..ottt 542
Consuming web services in INET ........ccccccooiiiiiiniiiicc 546
Working with gRPC in INET .......ccoviiiiiiiiicreeeceeeeeneeeee e 548
Key points and DEnefits..........ccowvveeeieieiiiiiiiicieiceicicicccce e 549
Using §RPC AS 0 SCTVICE ..vvvvevieeiviieieieseiitiititete e 549
Useful applications..........cccevveieiiiiiiieieiiicititcis e 550
Server implementation i CH .........coeeviveiiiniiiniiiciiieiieseet st 550
Introduction to GraphQL and .NET ........ccccccceviiniiniicerceeeeeeceeeenes 553
Understanding HTTP Client in .NET .........ccccoiiiiiiiiccccie, 556
Basics of HHPCIIENE ........cvuvueveeeieieieiiiiiiccceeees s 556
AdVANCEA fEALUTES ...ttt 557

BeSt PYACHICES .....cuvvviiiiciceict s 557



xXxx

Security considerations in web Services..........ccoeeeeiiiiiiinii e 559
Understanding the content security policy header ...............cccoovvvvveeenieririinnnnes 562
Understanding API Versioning ..........ccccoceeeniiininiiiciicnccccceeescnnes 563
Implementing pagination in APISs.........ccccviininiiniiinnniinicce 565
Understanding pagination ..............cccceeeeiiiiiiiiinisiiiciiiniiciesseescscsssessni 566
Pagination teCANIQUES .............cccccveviiiiiiniciciiiiiiiciciccccc 566
Implementing PaGINAtION ..........cccvevviviiiiiiiiiiiiiiiicicceccc e 567
API testing with Postman and SWagger ...........cccccccuvcininicinicininicnicnecene 568
Understanding APIs in NET and CH ..........ccccoovvvrvnennniniiiiciciceeeiecsscne 569
Swagger for API documentation and teSHNG.........ccccvevivvcinivicininiiiecinsiian 569
CONCIUSION.....ouiiiiiiiicictc e 571
EX@ICISES...ucuiiiviniiitiiicticit e 572
ATISTUCTS .ttt 573

15. Blazor for UI Development........ crereesnesenneneanenes 575
INErOAUCHON. ...t 575
SHUCKUTE. ... s 575
Creating Blazor COMPONENtS...........cciiiiiiiiiiiiiiiiicicc s 576
Additional points 10 CONSIALT ..........covviiiiiiiiiiiiiiiciiicicc e 576
Understanding Blazor COMPONENES...........cevvvvvvviiicucieieieieisisieiiciccieeeeeessnn 576
Blazor COMPONENLES .....cevuvvieiiieiiiiiiiicicieie e 577

Key features of Blazor COMPONENTS............ccvvuiuvueieicieiiiiiiiicieiecieieiesccicice e 577
Creating a Blazor server-side project..........ccovvvvinivciininiinincininccninnn, 578
Creating a Blazor client-side project ............ccccccovveeciiiiiiiiiiinneccccninnan, 578

Using SOIULION PIOPETHIES .....cvvviiiiiiiiiiiiicicicicicccs e 579
Multiple Startup Projects.........ccceeeeeieieiiiiicceeeseeetccee e 579

Blazor prerequisites .........vvveeieiiiiciicicieieieieieieisccicie e 580
Understanding the Blazor project Structure .............coccvcueieciricinicincinicinicincenn. 580
ROOt AirectOrY] PTOYAMLCS ...ttt 581
Main() method’s dual 10le .............cccoovviviiviiiiiiiiiiiiiiiciccc 581
Blazor building BIOCKS .............cccuvuvuiiiiiiiiiiiiiiccicccicccc 582
Navigating the Blazor TOULET ............cccvucuiiiiiiiiiiiiiiiiiiiiicecccc e 584
CONnfiguring the TOULET .........c.cvvvevviiiicicicieieieciccce e 585
Navigating the found rOULes.............cccovvrurrrieieiiiiiiiiieesec e 585

Handling unfound 10ULes............coccvvvevinviiniiciiiiiiiciscccses 585



SHATEA fOLART ..o s 585
Structuring styles .cSs COMPANION ........c.cvoveeueurveieieieiiiiiiiccieee e 586
WWWTOOCSS OLACT ... 586
WWWIOOH[INAEX HEML file........ovovieiciiiciiiciceicet e 587
Gateway to Blazor WebAssembly Wwwroot ...........ccccvvveirvcinineciriniinieiiiieiines 588
WWWIOO[JS FOLACT ... 588
_Imports.razor file ..........ccviiiiiiiiiiiiiiiiiiii 588
Performance and new Uls in NET 9.......ccccooiiiiniiinicccce, 589
Server-side rendering that is SLALIC ...........cccouvvvcveeueieisiiiiiiiiccce s 590
CSR that i TNEETACHVE .......coveveveviierieiiiiicicteieec s 590
Hybrid Method using Prerendering...........ccccovevivvcinncinniinineinieeinienens 591
Configuring render modes it PYOSTAM.CS .........cccovuvumueriiiiiiiiiiiisisiciccccnnnn, 592

Mode of Interactive SErVer ..........ccoveueieieieieiiiiiicicieieieie e 592
Interactive WebAssembly mode................ccueeveiciiiiiicicicieieiciiiiccceee, 593
Working with forms and validation in Blazor ............cccccecnicincincnicinicicn. 594
Employee edit form validation...............cocoovveeniiiiiiiiiiiinieecccie, 594
Blazor custom form VAlidAtion ..............ccccvevvveniiiiiiiiiiiisiccccc e 597
Custom validation attribute example.........c..ccccovevcneiinnccinncinnecireeinine, 597

Create a custom validation attribute.............ccvvvviiiiiiiiiiicciiiiiiccccc, 598
Using custom validation attribute in BIAZOT ...........cccovvvvevvccvieiiicieieiciiinns 598
Understanding JavaScript interop in Blazor .........cccoceeeiiiiiiiiicicccne, 599
Unveiling JavaScript iNterop .........ccoeeeeeiiiiiiiiiieieieiciccisiteieie e 600
Expanding HOVIZOMS......cccvveiviviininiciniiiiiiicisieitseeset s 600

Using JavaScript it BIAZOT .........c.covviviiiiiiiiiiciciciciccccccc 601
Building a CRUD operation using Blazor.............cccccceiiivinininiciiiie, 603
Set up the Blazor WebAssembly project.............ovvvevviviviiccciceieissiciiccccnenenes 604
Define the MOdel ............ccocuvueuviiiiiiiiiiiiiiicicceesie e 604
Create @ dAta SETVICE .........c.cvvviveveieieiiiiiiiicicieisie e 605
Implement CRUD operations in the Ul...........ccccoevcinvinincicnciniiciincinincnn, 606
Using Entity Framework Core with Blazor..........cccccviiiiicininicnniciceeenn. 610
KeY fEAtUTES ...t 610
Setting up Entity Framework Core in Blazor .........cccovvvvvivivvccncieeicicicccine, 611
Configure database CONNECHION ..........ccueuvueveveiiiiiiiiiiicieee e 612

Performing CRUD OPerations ............cccccocueueeeieiiiiiiisieiniceniciisiseseseeenenenns 612



xxx11

Understanding Blazor Server vs. Blazor WebAssembly..........ccccoevveiniiiiiiinnnnes 614
Blazor hosting MOdelS ...............cceviviiiiiiiiiciiicieisieiciie e 614
Blazor Server vs. Blazor WebASSembLY ...........c.ccoovvviiivccniciiiiiiiiciciccei, 614

Blazor WebAssembly hosting model ..............cccovvvvivvininciinniiniiciniiiinine, 615
Blazor Server hosting model.............cccvvcirvcoineiciniiniieiiicinseieeec 616
Grasping the distinctions of Blazor Server vs. Blazor WebAssembly ..................... 617
COTE MECHANISIMN ... 617
Loading AYNAMICS..........ccoveurueieieieiiiiiiccicce e 618
Connection and iNEerACtiON ............covvueeveiviiiiiciiieieeecccee s 618
Decoding Blazor Server vs. Blazor WebAssembly Dynamics ............ccccovevnvrncncne 618
Core mechanism exploration ............ccoevcireceineiicineiniieisnciseetse e 618
Loading dynamics deconstructed ...............coovvvivvivccciiiiiiiiiiiicccccninan, 619
Connection and interaction ChYONICles............ccccocvevcviiiiiiinicicccccan, 620

Working with routine in Blazor ..o 621

Basics of 1outing in BlAZOT .............ccccvviiiuciciiiniiiciiiicciccce e 621

SEALIC FOULTTIG vt 622

Interactioe TOULITG.......oovvveivieviiviitiiiec e 622

Testing in Blazor applications............cccceuciiiiiiiiiiiiiiiicces 623

Setting up a test envIrONMENt .........c.cveveveveveviiviiiiiiiieieecce s 625

Passing parameters t0 COMPONENLS ........c.cvoveveveveiiiiiriiiieieieeice 626

Transferring components to inputs and SETVICES...........ccccvvvvveiririeiricicuciinnn 628

CONCIUSION.....oiiiiiiittctc e 630

16. Packaging and Deployment...... . . . reerereeeseeensaeanenes 631

INtrOdUCHON. ... 631

SEIUCTUTE....cviiiiniiic e 631

ODJECHIVES .ot 632

Understanding .NET components and libraries.............cccccoovviiiiiiiiiniiinne, 632
Understanding INET COMPONENES .........ccovvvviiriviiiniciiiiiiiiiiciiieicsisciees 632

Characteristics of NET COMPONENES.......ccvvvvveviiviniiiciciiiiiitiiiisieieiccicccnas 632
Types of INET COMPONEILS.......coovvviiiiiiiciiiiiiiiiiiiiiseccicc s 633
Creating a simple .NET COMPONENE ........coveveveveiiiiiircreieieieieiisisicicieieie e, 633
USING INET IIDTATIES ..ottt 633
Benefits of NET components and [ibFaries.............cccccccovvvevvivivvrccccnennnnnnn 634

How to package INET tyPes ...t 634



xXxXx1iii

Understanding NuGet and its role in .NET.........cccccoovviiiiiiiee, 635
Publishing your .NET code for deployment ...........ccccccuvicuniuriniunicininininicneicnnes 636
Working with .NET Standard and .NET Core libraries..........ccccccoceeuviciricuniununncn. 638
Understanding assembly versioning in .INET ..........cccccooivniiinnniiniincne, 640
Basics of assembly versioning in NET ..........ccccccocovvviiiiiiiiiiiiisiiiccccinan, 640
Assembly versioning for NET projects .........ccoovvvvvvccciiiiiiicicinccncncnn, 641

Best practices in assembly VEYSIONING ........cevevvvevcrcimrereieieieiiiciiicicieeee e, 641
Understanding the Global Assembly Cache ..........ccccoocuviiicinicininincnicnicc, 642
KeY CONMCOPLS ..ot 642
HOW it WOTKS .o 642
AAVANEAZES ...t 643
CONSIACTALIONS ... 643
Strong-named assemblies in NET ..........ccccocoriiiininiice, 643
Critical aspects of strong-named assemblies ..............ccovvveeeieieiiiiiiicciceeiainnn, 644
Using the NET Core CLI for package management............ccccceeueuvcuricrricuncunnnn. 644
Native AOT improvements in .INET O.......cccccoviiniinnniiniiininccccee, 645
Best practice in packaging and distributing .NET libraries ..........cccoevvurinnnnnnnee. 648
CONCIUSION. ...ttt s 649

Index ..651-663







CHAPTER 1

Introduction to C# 13
and .NET 9

Introduction

Welcome to our journey into the world of C# (pronounced C-Sharp) and .NET (pronounced
dot-Net) programming. This opening chapter aims to set the stage for our coding study,
helping you navigate the initial, crucial steps of setting up our development environment
and knowledge of C# programming. We start exploring the process of selecting an
appropriate integrated development environment (IDE) and guide you through installing
the .NET software development kit (SDK), an essential tool in our C# toolkit.

We will also understand the fundamental understanding of the .NET platform, a versatile
framework central to C# programming. Moreover, we will delve into the diverse types of
applications that can be crafted using C#, showcasing the extensive adaptability of this
programming language.

Structure

This chapter covers the following topics:
e Introduction to C# and .NET
¢ Choosing the right tools for C# programming
e Understanding application types in C#

e Deploying cross-platform applications
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Role of integrated development environments
e .NET Framework vs. NET Core

e Overview of C# and .NET ecosystem

Installing and configuring Visual Studio

e Exploring Visual Studio Code for C# development

Objectives

In this chapter, we aim to provide you with a comprehensive understanding of C# and
NET programming. Throughout this section, you will gain familiarity with the C#
language and the .NET platform, learning about their functionalities, advantages, and their
place in the broader programming landscape. We will guide you through setting up your
development environment, including the installation and configuration of essential tools
like Visual Studio, empowering you to select the right tools for various C# programming
tasks, thereby enhancing your productivity and efficiency. Additionally, you will explore
the diverse range of applications that can be developed using C#, from desktop and
web applications to mobile and cloud-based solutions. Another crucial aspect will be to
understand the intricacies involved in deploying cross-platform applications, along with
platform-specific configurations and deployment techniques. By comprehending the role
and utility of IDEs in streamlining the software development process, you will be better
equipped to make informed decisions.

Furthermore, you will gain insights into the key differences between the NET Framework
and .NET Core, aiding you in choosing the appropriate platform for your specific
development needs. We will also provide an overview of the C# and .NET ecosystem,
acquainting you with related frameworks, tools, and libraries such as .NET Multi-
platform App UI (NET MAUI), Unity, and ASP.NET. Finally, you will receive hands-
on guidance for installing and configuring Visual Studio, preparing you to embark on
your development journey. By the end of this chapter, you will have established a solid
foundation in C# and .NET programming, empowering you to create and deploy your
own applications confidently.

Introduction to C# and .NET

C# is a modern, in constant evolution, open-sourced, object-oriented programming
language developed by Microsoft, envisioned as a part of their .NET initiative. The
language was designed to offer a mix of the best features from languages like Java™ and
C++ while incorporating unique elements that deliver power and development flexibility.

Much like Java™, C# is a statically typed, object-oriented language, emphasizing safety
and simplicity in its syntax. Both languages share similarities like garbage collection,
exceptions, and the extensive use of libraries for different functionalities. They also
provide capabilities for threading and synchronization, which are vital for modern, multi-
threaded software.
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However, there are differences, too. One significant distinction is that while Java™ was
built with a write once, run anywhere philosophy and is thus platform-independent, C#
was primarily designed for Windows development. But with the introduction of .NET
Core and its evolution into .NET 5 and beyond, the latter has become increasingly cross-
platform, supporting Android, Linux, iOS, and macOS.

The .NET, or Microsoft .NET initiative, is a comprehensive software development
framework introduced by Microsoft in the late 1990s and officially launched in 2002. It
represented a strategicinitiative to provide developers with a unified, cohesive environment
for developing applications that could run on Windows platforms and beyond.

At the core of the .NET initiative was the idea of language interoperability, which would
allow different high-level languages to communicate seamlessly with one another. Using
the Common Language Runtime (CLR) and the .NET Framework Class Library (FCL),
developers could write applications in various .NET compatible languages, such as C#,
Visual Basic .NET, and F#.

Tip: Interoperability refers to the ability of different systems, devices, or applications
to connect and communicate in a coordinated way without any effort from the end
user.

Another significant aspect of the .NET initiative was the concept of managed code.
Managed code is executed by the NET CLR, which offers services like garbage collection,
exception handling, and security, simplifying application development by automating
routine or complex tasks.

The .NET Framework also introduced the idea of software as a service (SaaS), highlighting
the web services aspect of development. It is a model where the software is provided as a
service over the Internet, which can be used by other software applications, irrespective
of platform or language.

The .NET Framework, from 1.0 to 4.8, is closely tied to the Windows operating system,
forming the backbone of many applications from Microsoft and other enterprises. Microsoft
continues to maintain .NET Framework 4.8 despite the arrival of its new brother, NET
Core.

Hence, the .NET initiative represented a significant shift in the approach to software
development by Microsoft, emphasizing interoperability, service-oriented architecture,
and managed code, making application development more streamlined and efficient.

C# programming and the .NET platform form a potent combination. They have continued
to evolve from their beginnings to the present day with a new long-term support
(LTS) version every two years, offering programmers a robust, versatile, and efficient
environment for creating powerful, modern applications. The LTS means it gets updated
and receives security fixes for three years after the official launch. A non-LTS version is
released every two years, with one year of support. So, we have one new version of NET
every year. Despite sharing roots and similarities with Java™, the pair has charted its



4 C# 13 and .NET 9

unique path in the programming world. With their recent cross-platform capabilities, they
are showing no signs of slowing down.

What is new in C# 13

In this chapter, we will see the innovative elements that C# 13 introduces.

Let us briefly describe how it has grown since its first release. Generics were introduced
with C# 2.0, allowing us to design classes, interfaces, and functions with placeholders
for the data type they store or use. It enabled more type-safe collections and increased
performance by eliminating boxing and unboxing requirements. Iterators and partial
types were also implemented, improving how we wrote code and organized our projects.
C# 3.0 introduced many new improvements, the most notable of which was Language-
Integrated Query (LINQ), which provided an SQL-like syntax for querying data sets
directly from C#.

C# 4.0 improved interoperability with other languages and systems, making it more
dynamic and versatile. Key features include the dynamic type, which allows operations
to avoid compile-time type verification and defer binding until runtime. It made coding
with COM objects, dynamic programming languages, and reflection easier and less error-
prone.

C# 5.0 added the async and await keywords, significantly simplifying asynchronous
programming. These keywords enabled developers to construct asynchronous code that
is easy to read and maintain while approximating synchronous code in structure. C# 6.0
and 7.0 included syntactic sugar and new capabilities such as expression-bodied members,
pattern matching, and tuples, reducing code complexity and boosting readability and
conciseness. C# 8.0 included nullable reference types and more powerful pattern-matching
capabilities, which improved the language’s type safety and control flow. C# 9.0 and 10.0
were designed to make the language more concise and expressive by introducing records
for immutable data structures, init-only properties, and pattern-matching improvements.
C# 11, which builds on these advancements and becomes the language to the language of
the year 2023.

C# 13 introduces several new features and changes to improve the programming
experience, streamline syntax, and give additional functionality.

The primary constructors’ feature, which has been expanded to be usable in any class
and struct, is a significant addition. Unlike prior versions, which restricted primary
constructors to record types, developers can now use this feature more liberally, allowing
for more straightforward and concise class and struct definitions.

Collection expressions are another novel feature in C# 13. This feature reveals a more
concise syntax that facilitates the generation of common collection values, encouraging
code brevity and enhancing readability. This improved syntax is intended to give
developers a more efficient way of working with collections.
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C# 13 improves lambda expressions with default lambda parameters. This enables
developers to assign default values to lambda expression parameters. This enhancement
offers flexibility and simplicity to the definition and use of lambda expressions in diverse
circumstances.

Furthermore, an alias of any type is a new feature introduced with Visual Studio 17.6
Preview 3. This feature increases the language’s adaptability by enabling more robust and
flexible type aliasing.

Inline arrays were also implemented to the C# 13 runtime as part of the previous .NET 9
preview. This enhancement enhances the language’s array handling features, resulting in
a more integrated and fluid array utilization experience.

Finally, interceptors are introduced as an experimental feature, providing new code
generation and modification opportunities. Interceptors allow generators to reroute code,
allowing for context-specific optimization and improving generated code functionality
and efficiency. This broadens the scope of code modification and optimization options in
C# programming.

The primary constructors extend to all classes and structs, letting us add parameters
directly to class declarations for property initialization and method/property accessor
usage.

Lambda expressions now support default parameter values, streamlining methods, and
local function argument handling. The using alias directive no longer limits to named
types. Creating semantic aliases for tuples, arrays, pointers, and other types is now
possible.

Choosing the right tools for C# programming

Choosing the right tools can drastically impact our efficiency, code quality, and work.
Each tool serves a specific purpose and choosing which tool to use can mean the difference
between a smooth workflow and a choppy one. Let us have a detailed look at the essential
pillars of C# programming tools.

Integrated development environment

The IDE is the platform where we write our code. Microsoft’s Visual Studio is an excellent
IDE for C# programming. It is a fully featured tool that offers an integrated debugger, a
code editor with IntelliSense (an auto-completion tool to increase speed and accuracy),
support for various project configurations, and much more. However, it is possible to
use a lighter solution using Visual Studio Code. It is a more streamlined editor that still
supports a wide range of languages and has robust community support for extensions.



