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Preface

There are C# books that are thousands of pages long that aim to be comprehensive
references to the C# programming language and the .NET Framework.

This book is different. It is concise and aims to be a fast-paced read that is packed with
hands-on walkthroughs. I wrote this book to be the best step-by-step guide to learning
modern cross-platform C# proven practices using .NET Core.

I will point out the cool corners and gotchas of C#, so you can impress colleagues and
employers and get productive fast. Rather than slowing down and boring some readers by
explaining every little thing, I will assume that if a term I use is new to you, then you will
know how to Google an answer.

At the end of each chapter is a section titled Practice and explore, in which you will complete
hands-on practical exercises and explore topics deeper on your own with a little nudge in
the right direction from me.

You can download solutions for the exercises from the following GitHub repository. I will
provide instructions on how to do this using Visual Studio 2017 and Visual Studio Code at
the end of chapter 1, Hello, C#! Welcome, .NET Core!

https://github.com/markjprice/cs7dotnetcore2

What this book covers

Chapter 1, Hello, C#! Welcome, .NET Core!, is about setting up your development
environment and using various tools to create the simplest application possible with C#.
You will learn how to write and compile code using Visual Studio 2017 on Windows; Visual
Studio Code on macOS, Linux, or Windows; or Visual Studio for Mac on macOS. You will
learn the different .NET technologies: .NET Framework, .NET Core, .NET Standard, and
.NET Native.
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Part1 - C#7.1

Chapter 2, Speaking C#, explains the grammar and vocabulary that you will use every day
to write the source code for your applications. In particular, you will learn how to declare
and work with variables of different types.

Chapter 3, Controlling the Flow and Converting Types, talks about writing code that makes
decisions, repeats a block of statements, and converts between types, and writing code
defensively to handle errors when they inevitably occur. You will also learn the best places
to look for help.

Chapter 4, Writing, Debugging, and Testing Functions, is about following the Don't Repeat
Yourself (DRY) principle by writing reusable functions, and learning how to use debugging
tools to track down and remove bugs, monitoring your code while it executes to diagnose
problems, and rigorously testing your code to remove bugs and ensure stability and
reliability before it gets deployed into production.

Chapter 5, Building Your Own Types with Object-Oriented Programming, discusses all the
different categories of members that a type can have, including fields to store data and
methods to perform actions. You will use OOP concepts, such as aggregation and
encapsulation. You will learn the C# 7 language features such as tuple syntax support and
out variables, and C# 7.1 language features such as default literals and inferred tuple names.

Chapter 6, Implementing Interfaces and Inheriting Classes, explains deriving new types from
existing ones using object-oriented programming (OOP). You will learn how to define
operators and C# 7 local functions, delegates and events, how to implement interfaces about
base and derived classes, how to override a type member, how to use polymorphism, how
to create extension methods, and how to cast between classes in an inheritance hierarchy.

Part 2 - .NET Core 2.0 and .NET Standard 2.0

Chapter 7, Understanding and Packaging NET Standard Types, presents INET Core 2.0 types
that are part of .NET Standard 2.0, and how they are related to C#. You will learn how to
deploy and package your own apps and libraries.

Chapter 8, Using Common .NET Standard Types, discusses the .NET Standard types that
allow your code to perform common practical tasks, such as manipulating numbers and
text, storing items in collections, and implementing internationalization.
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Chapter 9, Working with Files, Streams, and Serialization, talks about interacting with the
filesystem, reading and writing to files and streams, text encoding, and serialization.

Chapter 10, Protecting Your Data and Applications, is about protecting your data from being
viewed by malicious users using encryption and from being manipulated or corrupted
using hashing and signing. You will also learn about authentication and authorization to
protect applications from unauthorized uses.

Chapter 11, Working with Databases Using Entity Framework Core, explains reading and
writing to databases, such as Microsoft SQL Server and SQLite, using the object-relational
mapping technology named Entity Framework Core.

Chapter 12, Querying and Manipulating Data Using LINQ, teaches you Language INtegrated
Query (LINQ)—language extensions that add the ability to work with sequences of items
and filter, sort, and project them into different outputs.

Chapter 13, Improving Performance and Scalability Using Multitasking, discusses allowing
multiple actions to occur at the same time to improve performance, scalability, and user
productivity. You will learn about the C# 7.1 async Main feature, and how to use types in
the System.Diagnostics namespace to monitor your code to measure performance and
efficiency.

Part 3 — App Models

Chapter 14, Building Web Sites Using ASP.NET Core Razor Pages, is about learning the basics
of building websites with a modern HTTP architecture on the server-side using ASP.NET
Core. You will learn the new ASP.NET Core feature known as Razor Pages that simplifies
creating web pages for small web sites.

Chapter 15, Building Web Sites Using ASP.NET Core MVC, is about learning how to build
large, complex websites in a way that is easy to unit test and manage with teams of
programmers using ASP.NET Core. You will learn about startup configuration,
authentication, routes, models, views, and controllers in ASP.NET Core MVC.

Chapter 16, Building Web Services and Applications Using ASP.NET Core, explains building
web applications with a combination of a modern frontend technology, such as Angular or
React, and a backend REST architecture web service using ASP.NET Core Web APL
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Chapter 17, Building Windows Apps Using XAML and Fluent Design, talks about learning the
basics of XAML that can be used to define the user interface for a graphical app for the
Universal Windows Platform (UWP), and applying principles and features of Fluent Design
to light it up. This app can then run on any device running Windows 10, Xbox One, and
even Mixed Reality devices such as HoloLens.

Chapter 18, Building Mobile Apps Using XAML and Xamarin.Forms, discusses introducing
you to taking C# mobile by building a cross-platform app for iOS and Android. The client-
side mobile app will be created with Visual Studio for Mac using XAML and
Xamarin.Forms.

Appendix, Answers to the Test Your Knowledge Questions, has the answers to the test questions
at the end of each chapter.

What you need for this book

You can develop and deploy C# on many platforms, including Windows, macOS, and many
varieties of Linux. For the best programming experience, and to reach the most platforms, I
recommend that you learn the basics of all members of the Visual Studio family: Visual
Studio 2017, Visual Studio Code, and Visual Studio for Mac.

My recommendation for the operating system and development tool combinations is as
follows:

e Visual Studio 2017 on Windows 10
e Visual Studio for Mac on macOS
e Visual Studio Code on Windows 10 or macOS

The best version of Windows to use is Microsoft Windows 10 because you will need this
version to create Universal Windows Platform apps in chapter 17, Building Windows Apps
Using XAML and Fluent Design. Earlier versions of Windows, such as 7 or 8.1, will work for
the other chapters.

The best version of macOS to use is Sierra or High Sierra because you will need macOS to
build iOS mobile apps in chapter 18, Building Mobile Apps Using XAML and Xamarin.Forms.
Although you can use Visual Studio 2017 on Windows to write the code for iOS and
Android mobile apps, you must have macOS and Xcode to compile them.
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Who this book is for

If you have heard that C# is a popular general-purpose programming language used to
create every type of software, ranging from web applications and services, to business
applications and games, then this book is for you.

If you have heard that C# can create software that runs on a wide range of devices, from
desktop to server, from mobile to gaming systems such as Xbox One, then this book is for
you.

If you have heard that .NET Core is Microsoft's bet on a cross-platform .NET future,
optimized for server-side web development in the cloud, and Augmented Reality (AR) or
Virtual Reality (VR) devices such as HoloLens, then this book is for you.

If you have heard that Microsoft has a popular cross-platform developer tool named Visual
Studio Code that creates these cross-platform apps, and you are curious to try it, then this
book is for you.

Conventions

In this book, you will find a number of text styles that distinguish between different kinds
of information. Here are some examples of these styles and an explanation of their meaning.

Code words in text, database table names, folder names, filenames, file extensions,
pathnames, dummy URLSs, user input, and Twitter handles are shown as follows:
"The Controllers, Models, and Views folders contain ASP.NET Core classes and
the . cshtml files for execution on the server."

A block of code is set as follows:

// storing items at index positions

names[0] = "Kate";
names[1] = "Jack";
names[2] = "Rebecca";
names[3] = "Tom";

[5]
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When we wish to draw your attention to a particular part of a code block, the relevant lines
or items are set in bold:

// storing items at index positions

names[0] = "Kate";
names[1] = "Jack";
names[2] = "Rebecca'";
names[3] = "Tom";

Any command-line input or output is written as follows:

dotnet new console

New terms and important words are shown in bold. Words that you see on the screen, for
example, in menus or dialog boxes, appear in the text like this: "Clicking on the Next button
moves you to the next screen.”

Warnings or important notes appear in a box like this.

Good Practice

Recommendations for how to program like an expert appear like this.

Reader feedback

Feedback from our readers is always welcome. Let us know what you think about this
book—what you liked or disliked. Reader feedback is important for us as it helps us
develop titles that you will really get the most out of.

To send us general feedback, simply email feedback@packtpub.com, and mention the
book's title in the subject of your message.

If there is a topic that you have expertise in and you are interested in either writing or
contributing to a book, see our author guide at www.packtpub.com/authors.
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Customer support

Now that you are the proud owner of a Packt book, we have a number of things to help you
to get the most from your purchase.

Downloading the example code

You can download the example code files for this book from your account at http: //www.
packtpub.com. If you purchased this book elsewhere, you can visit http://www.packtpub.
com/support and register to have the files emailed directly to you.

You can download the code files by following these steps:

Log in or register to our website using your email address and password.
Hover the mouse pointer on the SUPPORT tab at the top.

Click on Code Downloads & Errata.

Enter the name of the book in the Search box.

Select the book for which you're looking to download the code files.
Choose from the drop-down menu where you purchased this book from.
Click on Code Download.

NSOk »Nh =

Once the file is downloaded, please make sure that you unzip or extract the folder using the
latest version of:

e WIinRAR /7-Zip for Windows
e Zipeg /iZip / UnRarX for Mac
e 7-Zip / PeaZip for Linux

The code bundle for the book is also hosted on GitHub at https://github.com/
PacktPublishing/CSharp-7.1-and-.NET-Core-2.0-Modern-Cross—-Platform-Development—

Third-Edition. We also have other code bundles from our rich catalog of books and videos
available at https://github.com/PacktPublishing/. Check them out!
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Downloading the color images of this book

We also provide you with a PDF file that has color images of the screenshots/diagrams used
in this book. The color images will help you better understand the changes in the output.

You can download this file from https://www.packtpub.com/sites/default/files/
downloads/CSharp7landNETCore20ModernCrossPlatformDevelopmentThirdEdition_

ColorImages.pdf.

Errata

Although we have taken every care to ensure the accuracy of our content, mistakes do
happen. If you find a mistake in one of our books—maybe a mistake in the text or the
code—we would be grateful if you could report this to us. By doing so, you can save other
readers from frustration and help us improve subsequent versions of this book. If you find
any errata, please report them by visiting http://www.packtpub.com/submit-errata,
selecting your book, clicking on the Errata Submission Form link, and entering the details of
your errata. Once your errata are verified, your submission will be accepted and the errata
will be uploaded to our website or added to any list of existing errata under the Errata
section of that title.

To view the previously submitted errata, go to https://www.packtpub.com/books/
content/support and enter the name of the book in the search field. The required
information will appear under the Errata section.

Piracy

Piracy of copyrighted material on the Internet is an ongoing problem across all media. At
Packt, we take the protection of our copyright and licenses very seriously. If you come
across any illegal copies of our works in any form on the Internet, please provide us with
the location address or website name immediately so that we can pursue a remedy.

Please contact us at copyright@packtpub.com with a link to the suspected pirated
material.

We appreciate your help in protecting our authors and our ability to bring you valuable
content.

Questions

If you have a problem with any aspect of this book, you can contact us at
questions@packtpub.com, and we will do our best to address the problem.
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Hello, C#! Welcome, .NET
Corel

This chapter is about setting up your development environment, understanding the
similarities and differences between .NET Core, .NET Framework, .NET Standard, and
.NET Native, and using various tools to create the simplest application possible with C# and
.NET Core.

Most people learn complex topics by imitation and repetition rather than reading a detailed
explanation of theory. So, I will not explain every keyword and step. The idea is to get you
to write some code, build an application, and see it run. You don't need to know the details
of how it all works yet.

In the words of Samuel Johnson, author of the English dictionary in 1755, I have likely
committed "a few wild blunders, and risible absurdities, from which no work of such
multiplicity is free." I take sole responsibility for these and hope you appreciate the
challenge of my attempt to lash the wind by writing this book about .NET Core and its
command-line tooling during its rocky birth during 2016 and 2017.

This chapter covers the following topics:

e Setting up your development environment
Understanding .NET
Writing and compiling code using the NET Core CLI tool

Writing and compiling code using Visual Studio 2017

Writing and compiling code using Visual Studio Code

Writing and compiling code using Visual Studio for Mac
¢ Managing source code with GitHub



Hello, C#! Welcome, .NET Core! Chapter 1

Setting up your development environment

Before you start programming, you will need to choose an Integrated Development
Environment (IDE) that includes a code editor for C#. Microsoft has a family of IDEs:

e Visual Studio 2017
e Visual Studio for Mac
e Visual Studio Code

The most mature and fully-featured IDE to choose is Microsoft Visual Studio 2017, but it
only runs on the Windows operating system.

The most modern and lightweight IDE to choose, and the only one from Microsoft that is
cross-platform, is Microsoft Visual Studio Code, and it will run on all common operating
systems, including Windows, macOS, and many varieties of Linux, such as Red Hat
Enterprise Linux (RHEL) and Ubuntu.

To help you decide if Visual Studio Code is right for you, I recommend

that you watch the following video, Beginner’s Guide to VS Code: Up and
Running in Ten Minutes:

https://channel9.msdn.com/Blogs/raw-tech/Beginners—-Guide-to-VS-C
ode

The most suitable IDE to choose for mobile development is Visual Studio for Mac. To
create apps for iOS (iPhone and iPad), tvOS, macOS, and watchOS, you must have macOS
and Xcode. Although you can use Visual Studio 2017 with its Xamarin extensions to write a
cross-platform mobile app, you still need macOS and Xcode to compile it.

The following table shows which IDE and operating systems can or must be used for each
of the chapters in this book:

Chapters IDE Operating systems
Chapters 1 to 16 | Visual Studio 2017 Windows 7 SP1 or later

Chapters 1 to 16 | Visual Studio Code Windows, macQOS, Linux
Chapters 1 to 16 | Visual Studio for Mac | macOS

Chapter 17 Visual Studio 2017 Windows 10

Chapter 18 Visual Studio for Mac | macOS

[10]


https://channel9.msdn.com/Blogs/raw-tech/Beginners-Guide-to-VS-Code
https://channel9.msdn.com/Blogs/raw-tech/Beginners-Guide-to-VS-Code

Hello, C#! Welcome, .NET Core! Chapter 1

Good Practice

If you have the option, then I recommend that you try all the coding
exercises with Visual Studio 2017 on Windows, Visual Studio Code on
macOS, Linux, or Windows, and Visual Studio for Mac. It will be good for
you to get experience with C# and .NET Core on a variety of operating
systems and development tools.

To write the third edition of this book, I used the following listed software, as shown in the
following screenshot:

¢ Visual Studio 2017 on Windows 10 in a virtual machine
e Visual Studio for Mac on macOS

¢ Visual Studio Code on macOS

¢ Visual Studio Code on RHEL (not shown in screenshot)

® Code File Edit Selection View Go Debug Tasks Window Help Il @ m 32y = 0« 100%@8 Sat06:59 Q @ =
Windows 10 2 @
2l Chapter01 - Microsoft Visual Studio Preview PREVIEW X & | Quick Launch (Ctrl+Q) Pl- B X
File Edit View Project Bulld Debug Team Tools Test Analyze Window Help Mark price - B
B2 M| - C | pebug - Anycru - HelloCs - D Hellocs < | 51 i =2 | M -

Sl MyAppcs = X

Solution Explorer > EXx| 5
e — £

Sl ] HelloCs ~ 1 "% MyApp I8 vuin - -
1 Eiclass MyApp O > O Debug > [] Default Visual Studio Com...nity 2017 for Mac ~ ®
2 {
3 static void Main() [& Solution < > MyApp.cs v T
4 g
5 System. Console.WriteLine("Hello, C#1"); NSAC ot MyAppREgINojseloction =
6 3 v 7] HelloGS 1 class MyApp g
{
» De d
7 i Srencence 3 static void Main() =]
4 { -
» ] WelcomeDotNetCoreMac 5 System. Console.WriteLine("Hello, C#!"); |
6 ¥ 2
3
7} g
MyApp.cs — Chapter01 =
o
EXPLORER ’ MyApp.cs X H
5
4 OPEN EDITORS ference 5
/App o
Welcome RvanE 4
MyApp.cs HelloCS 3
4 CHAPTERO1 Main() o
b .vscode s
4 HelloCS System.Console.WriteLine("Hello, C#!"); 5
> bin 2

» obj
HelloCS.csproj
MyApp.cs
Ln7,Col2 Spaces:4 UTF-8 LF C# & Chapterolsin @

Output © Erors

[J Ready
[ |

 Tasks @ Package Console
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Using alternative C# IDEs

There are alternative IDEs for C#, for example, MonoDevelop and JetBrains Rider. You can
install either of these two IDEs with the help of the following URLs:

e For MonoDevelop IDE, visit http://www.monodevelop.com/
¢ For JetBrains Rider, visit https://www.jetbrains.com/rider/

Cloud9 is a web browser-based IDE, so it's even more cross-platform than the others. It is
growing in popularity. Here is the link: https://c9.i0/web/sign-up/free

Deploying cross-platform

Your choice of IDE and operating system for development does not limit where your code
gets deployed. .NET Core 2.0 supports the following platforms for deployment:

e Windows 7 SP1, or later

e Windows Server 2008 R2 SP1, or later
e Windows IoT 10, or later

e macOS Sierra (version 10.12), or later
e RHEL 7.3, or later

e Ubuntu 14.04, or later

e Fedora 25, or later

e Debian 8.7, or later

e openSUSE 42.2, or later

e Tizen 4, or later

lightweight and more cost-effectively scalable when compared to

Linux OSes are popular server host platforms because they are relatively
0 operating system platforms such as Windows and macOS.
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In the next section, you will install Microsoft Visual Studio 2017 for Windows. If you prefer
to use Microsoft Visual Studio Code, jump ahead to the Installing Microsoft Visual Studio
Code for Windows, macOS, or Linux section. If you prefer to use Microsoft Visual Studio for
Mac, jump ahead to the Installing Microsoft Visual Studio for Mac section.

Installing Microsoft Visual Studio 2017

You can use Windows 7 SP1 or later to complete most of the chapters in this book, but you
will have a better experience if you use Windows 10 Fall Creators Update.

Since October 2014, Microsoft has made a professional-quality edition of Visual Studio
available to everyone for free. It is called Community Edition.

Download and install Microsoft Visual Studio 2017 version 15.4 or later from the
following link:

https://www.visualstudio.com/downloads/

work with .NET Core for UWP. You must install version 15.3 or later of
Visual Studio 2017 to be able to work with .NET Core 2.0. Older versions

0 You must install version 15.4 or later of Visual Studio 2017 to be able to
of Visual Studio 2017 only support .NET Core 1.0 and 1.1.

Choosing workloads

On the Workloads tab, choose the following, as partially shown in the following screenshot:

¢ Universal Windows Platform development
e .NET desktop development

ASP.NET and web development

Azure development

Node.js development
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e .NET Core cross-platform development

Modifying — Visual Studio Community 2017 Preview — 15.4.0 Preview 2.0

Workloads Individual components

Windows (3)
MMl Universal Windows Platform development

B Create applications for the Universal Windows Platform
with C#, VB, JavaScript, or optionally C++.

e Desktop development with C++
Build classic Windows-based applications using the power
of the Visual C++ toolset, ATL, and optional features like...

Web & Cloud (7)

@ ASPNET and web development
Build web applications using ASP.NET, ASP.NET Core,
HTML, JavaScript, and container development tools.

p Python development
Editing, debugging, interactive development and source
control for Python.

Location

C:\Program Files (x86)\Microsoft Visual Studio\Preview\Community

Language packs

[ NET desktop development
el WPF, Windows Forms, and console applications using
C#, Visual Basic, and F#.

Azure development
D> oire ok o o projects for developing cloud apps
and creating resources.

@ Nodejs development
Build scalable network applications using NodeJs, an

asynchronous event-driven JavaScript runtime.

By continuing, you agree to the license for the Visual Studio edition you selected. We also offer the ability to download other software with Visual Studio. This software
is licensed separately, as set out in the 3rd Party Notices or in its accompanying license. By continuing, you also agree to those licenses.

Choosing additional components

On the Individual components tab, choose the following additional components:

¢ Class Designer

e GitHub extension for Visual Studio

e PowerShell tools

Summary

> Visual Studio core editor

> Universal Windows Platform development
> .NET desktop development

> ASP.NET and web development

> Azure development

> Node.js development

> .NET Core cross-platform development

> Individual components

Total install size:  1.38 GB

Modify

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

While you wait for Visual Studio 2017 to install, you can jump ahead to
the Understanding .NET section in this chapter.
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The first time that you run Visual Studio 2017, you will be prompted to sign in. If you have
a Microsoft account, you can use that account. If you don't, then register for a new one at
the following link:

https://signup.live.com/

When starting Visual Studio 2017 for the first time, you will be prompted to configure your
environment. For Development Settings, choose Visual C#. For the color theme, I chose
Blue, but you can choose whatever tickles your fancy.

You will see the Microsoft Visual Studio user interface with the Start Page open in the
central area. Like most Windows desktop applications, Visual Studio has a menu bar, a
toolbar for common commands, and a status bar at the bottom. On the right is the Solution
Explorer that will list your open projects:

9 start Page - Microsoft Visual Studio YH £ | Quick Launch (Ctrl+Q) Pl - B x
File Edit View Project Debug Team Tools Test Analyze Window Help Mark Price ~ m
|8 -2 o Q- » Attach... | 57 _

~ | Solution Explorer

|#

Start Page # X

Get Started Open

Get code from a remote version

control system or open something De\/e|oper News
New to Visual Studio? Check out coding tutorials and sample on your local drive.
projects

Checkout from: )
Get training on new frameworks, languages, and technologies Announcing .NET Core Tools 1.0

& Visual Studio Team Services Today, we are releasing .NET Core Tools
Create a private code repo and backlog for your project 1.0. It's an exciting day and an important

GitHub milestone in the .NET Core journey. Th...

See how easy it is to get started with cloud services NEW Tuesday, March 7, 2017
Discover ways to extend and customize the IDE %1 Open Project / Solution

Announcing New ASP.NET Core and
2. Open Folder Web Development Features in
Visual Studio 2017
2 Open Website We are pleased to announce updates to
R ece nt our ASP.NET tools, ASP.NET Core tools,
Container tools, and frameworks that a...
NEW Tuesday, March 7, 2017

The projects, solutions and folders you open locally New project

appear here. Redgate Data Tools in Visual Studio

2017
The remote host for Git repositories and other source Search project templates £ - Today during the Visual Studio launch
control providers will appear on the recent lst of other e event, we announced that we've
devices you've signed in to. Recent project templates: partnered with Redgate to include Red..

The new project templates you NEW Tuesday, March 7, 2017

use appear here. The list also.

More project templates. Visual Studio 2017

=3 Pin to taskbar
Solution Explorer [RECTINSRCIRINS

X Close window

Start Page - Micros...

To have quick access to Visual Studio in the future, right-click on its entry
in the Windows taskbar and select Pin this program to taskbar.
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In chapter 14, Building Web Sites Using ASP.NET Core Razor Pages, Chapter 15, Building
Web Sites Using ASP.NET Core MVC, and chapter 16, Building Web Services and Applications
Using ASP.NET Core, you will need Node.js and NPM installed.

Download the Node.js installer for Windows from the following link:

https://nodejs.org/en/download/

Run the Node js installer, as shown in the following screenshot:

Naode.js Setup — X

Custom Setup

Select the way you want features to be installed. n .d c

=)

Click the icons in the tree below to change the way features will be installed.

[+}=-] Node.js runtime
2/ npm package manager

- 2:/Online documentation shortcuts
+ =] Add to PATH

Install the core Node.js runtime
(node.exe).

This feature requires 17MB on your
hard drive. It has 2 of 2 subfeatures
selected. The subfeatures require
20KB on your hard drive.

Browse...

Reset Disk Usage Back Next Cancel
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Installing Microsoft Visual Studio Code

Between June 2015 and September 2017, Microsoft released a new version of Visual Studio
Code almost every month. Visual Studio Code has rapidly improved and surprised
Microsoft with its popularity. Even if you plan to use Visual Studio 2017 or Visual Studio
for Mac as your primary development tool, I recommend that you learn how to use Visual
Studio Code and the .NET Core command-line tool as well.

You can download Visual Studio Code from the following link:
https://code.visualstudio.com/

You can read about Microsoft's plans for Visual Studio Code in 2018 at the

following link:
https://github.com/Microsoft/vscode/wiki/Roadmap

Installing Microsoft Visual Studio Code for macOS

In this book, I will show examples and screenshots of Visual Studio Code using the version
for macOS. The steps for doing the same with Visual Studio Code for Windows and
variants of Linux is very similar, so I will not repeat the instructions for every platform.

After downloading Visual Studio Code for macOS, drag and drop it to your Applications
folder, as shown in the following screenshot:

@ @ Downloads
2 Bm o = %Y & O 2+ v
Favorites Name Size Kind Date Added
:} Dro +4 Visual Studio Code 155.5 MB  Application Today, 20:14
@ Al ! vSCode-darwin-stable.zip 54.4MB  ZIP archive Today, 20:13
& VisualStudioForMac-...view-7.0.0.1566.dmg 273.4 MB Disk Image Today, 19:54
G icl rive ) vs_community.exe 1MB EXE file Today, 17:36 |
#3: Applications & Win10.1607 English_x64.iso 4.38 GB ISO Disk Image Yesterday, 05:39
B Deskto « Microsoft_Office_201...021600_Installer.pkg 1.63 GB Install...ackage Yesterday, 00:23
P & sqlitestudio-3.1.1.dmg 26.4 MB Disk Image 5 Mar 2017, 20:5
0 Downloads 1
m‘ markjprice
rmy [C1 Windo. A & Macintosh HD > [#] Users > & markjprice > '@ Downloads » & Visual Studio Code
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You will now need to install the .NET Core SDK for macOS. The full instructions, including
a video to watch, are described at the following link, and I have included the basic steps in

this book for your convenience:
https://www.microsoft.com/net/core#macos

The first step is to install Homebrew (if you don't already have it).

Start macOS's Terminal app and enter the following command at the prompt:

/usr/bin/ruby -e "$(curl -fsSL
https://raw.githubusercontent.com/Homebrew/install/master/install)"

Terminal will prompt you to press Enter to continue and then prompt for your password.

If you are using .NET Core 1.0 or 1.1, then at this point you will need to
use Homebrew to install OpenSSL, which is a dependency of older
versions of .NET Core on macOS.

Installing .NET Core SDK for macOS

The next step is to download the .NET Core SDK installer for macOS (x64) from the
following link:

https://www.microsoft.com/net/download/core

Run the dotnet-sdk-2.0.0-sdk-osx-x64.pkg installer package, as shown in the
following screenshot:
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@ ‘e Install Microsoft .NET Core SDK - 2.0.0 (x64) a

Welcome to the Microsoft .NET Core SDK - 2.0.0 (x64) Installer

Introduction .NET Core SDK

Destination Select
.NET Core is a development platform that you can use to build command-

Installation Type line applications, microservices and modern websites. |t is open source,
cross-platform, and supported by Microsoft. We hope you enjoy it!
Installation

Summary Learn more about .NET Core

Core Documentation
SDK Documentation
Privacy Statement
MIT License

Installation note

Microsoft®

A command will be run during the install process that will improve project
N E | restore speed and enable offline access. It will take up to a minute to
L]

complete.

Continue

Click on Continue, accept the license agreement, click on Install, and then, once it has
finished, click on Close.

Installing Node Package Manager for macOS

In chapter 14, Building Web Sites Using ASP.NET Core Razor Pages, Chapter 15, Building
Web Sites Using ASP.NET Core MVC, and chapter 16, Building Web Services and Applications
Using ASP.NET Core, you will need Node.js and NPM installed.
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In Terminal, enter commands to install Node.js and NPM, and then check their versions,
which at the time I wrote this book, were Node.js version 8.4 and NPM version 5.3, as
shown in the following screenshot:

brew install node
node -v
npm -v

@ Terminal Shell Edit View Window Help
[ ® 2 markjprice — -bash — 80x35

Installing dependencies for node:

Installing node dependency:
==> Downloading https://homebrew.bintray.com/bottles/icu4c-59.1.sierra.bottle.ta
==> Downloading from https://akamai.bintray.com/5d/5d35bdb7234e637e8a48ech961780
HHBRAHAAHERAHB AR HHRRHERAHRAH R AR A BHARAHERAERAH A F R AR BHERAH AR AHE#H 100.0%
==> Pouring icu4c-59.1.sierra.bottle.tar.gz
==> Caveats
This formula is keg-only, which means it was not symlinked into /usr/local,
because mac0S provides libicucore.dylib (but nothing else).

If you need to have this software first in your PATH run:
echo 'export PATH="/usr/local/opt/icu4c/bin:$PATH"' >> ~/.bash_profile
echo 'export PATH="/usr/local/opt/icu4c/sbin:$PATH"' >> ~/.bash_profile

For compilers to find this software you may need to set:
LDFLAGS: -L/usr/local/opt/icu4c/lib
CPPFLAGS: -I/fusr/local/opt/icu4c/include

==> Summary
Pl fusr/local/Cellar/icu4c/59.1: 246 files, 65.4MB
Installing

==> Downloading https://homebrew.bintray.com/bottles/node-8.4.0.sierra.bottle.ta
==> Downloading from https://akamai.bintray.com/b1/bldde78a6h4f5d17e2c7842e90550
HHBHARRAH SR AR HHBHF AR BRAHRAH AR AR AR BHB AR RAERAH A H SR AR BHERAHRRHERAHRAH 100.0%
==> Pouring node-8.4.@.sierra.bottle.tar.gz
==> Caveats
Bash completion has been installed to:

Jusr/local/etc/bash_completion.d
==> Summary
P fusr/local/Cellar/node/8.4.0: 4,152 files, 47.3MB
Marks—MacBook-Pro-13:~ markjprice$ node -v
v8.4.0
Marks-MacBook-Pro-13:~ markjprice$ npm -v
5.3.0
Marks—MacBook—-Pro-13:~ markjprice$
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Installing the Visual Studio Code extension for C#

The C# for Visual Studio Code extension is not necessary, but it provides IntelliSense as you
type, so it's very handy to install.

Launch Visual Studio Code and click on the Extensions icon, or go to View | Extensions,
or press Cmd + Shift + X.

Ct# is the most popular extension, so you should see it at the top of the list, as shown in the
following screenshot:

@ Code File Edit Selection View Go Window Help
Extension: C#

EXTENSIONS - Extension: C# X

@sort:installs

C# 17.0
@B c# for Visual Studio Code (powered by Omni... Microsoft | ¢ 1586736 | k% Kk Kk * | License
Microsoft Install c #

Python P e C# for Visual Studio Code (powered by OmniSharp).
Linting, Debugging (multi-threaded, remote), ... Install
Install

vscode-icons 1.2M * 5

Icons for Visual Studio Code Details Contributions Changelog Dependencies

Install

Debugger for Chrome @12 *45  C# for Visual Studio Code (powered by OmniSharp)
Debug your JavaScript code in the Chrome br...
Install

Master Release

C/C++ 1M *3.5 B ——
Complete C/C++ language support, including ... build [BaSSiAG) build [BEsSing)

Install
ESLint 736K k4.5 Welcome to the C# extension for Visual Studio Code! This preview provides the following
Integrates ESLint into VS Code. features inside VS Code:

Install
beautify $724K *4.5 Lightweight development tools for b
Beautify code in place for VS Code Great C# editing support, including Syntax Highlighting, IntelliSense, Go to

Install Definition, Find All References, etc.

Go 546K *4.5 Debugging support for .NET Core (CoreCLR). NOTE: Mono and Desktop CLR

Click on Install, and then click on Reload, to reload the window and activate the extension.
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Installing Visual Studio for Mac

In November 2016, Microsoft released a preview version of Visual Studio for Mac. Initially,
it could only be used to create Xamarin mobile apps, because it is a fork of the Xamarin
Studio product. The final release version, available since May 2017, has support for creating
NET Standard 2.0 class libraries, ASP.NET Core web applications and services, and console
apps, so it can be used to complete (almost) all of the exercises in this book.

Although Visual Studio 2017 on Windows can be used to create mobile apps for iOS and
Android, only Xcode running on macOS or OS X can compile iOS apps, so it is my opinion
that a developer might as well use the native Visual Studio for Mac to create mobile apps.

Installing Xcode

If you have not already installed Xcode on your Mag, install it now from the App Store.
On the Apple menu, choose App Store....

In the App Store, enter xcode in the Search box, and one of the first results will be Xcode,
as shown in the following screenshot:

3 App Store Edit Store Window Help

[ JON ] =
< * E - ‘ 0 Q xcode (%]

Featured Top Charts  Categories  Purchased Updates

Search Results for “xcode” Sort By: | Relevance

Xcode 7| Code School for Xcode App School for Xcode a
N Developer Tools LEARN TU Developer Tools Developer Tools
-'i‘ Kk K HTA 38 Ratings CODE{}
. [ Escentials J [ ceT - ] [CET =)
7 ] - o CEC—
%% « mm| IDAssetManager Lite for Swiftify for Xcode Code School for Xcode ...
\S: _ } Developer Tools Developer Tools LEARN TU Developer Tools
o CODE {}

Course for Xcode 7 Lite
Developer Tools

Ei

Project Duplicator for X...
Developer Tools
WK KW 6 Ratings

[ £3.90 ~ ]
T App Icon Gear - image LanguageTranslator for ... EnumHelper for Xcode AssetsGenerator for Xc...
Jbo\ Developer Tools ABCD Developer Tools en\,\m \ Developer Tools - o= Developer Tools
L) BB Y &
3 GeT + | [ GeT v | A [GeT ~ | ['£1.99 + |

Click on Get, and wait for Xcode to install.
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Downloading and installing Visual Studio for Mac

You can download and install Visual Studio for Mac from the following link:
https://www.visualstudio.com/vs/visual-studio-mac/

In the Visual Studio for Mac Installer, accept the License Terms and the Privacy Statement,
choose to install all components, and then click on Continue, as shown in the following
screenshot:

[ ) Visual Studio for Mac - Installation

What would you like to install?

> Visual Studio for Mac
Platforms ‘

lﬁl Android >
Visual Studio for Mac is a full
E i0S featured IDE, natively designed for the
Mac
@ mac0s

é® .NET Core

@P® Workbooks & Inspector

Cancel | SIS

Click on Continue, and then click on Install.

Agree to the license terms for the components, such as the Android SDK, click on Continue,
and wait for Visual Studio for Mac to fully install.
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Start Visual Studio for Mac to see the Welcome Page, as shown in the following screenshot:

@ Visual Studio Community File Edit View Search Project Build Run Version Control Tools m Help

[ XOX ) Default > [] Default Visual Studio Community 2017 for Mac ® ‘
B
. i Minimize #M
g Visual Studio for Mac signin. Zoom %
Get Started Recent

Microsoft Vid Welcome Page ality

— Discover what's new in Visual [E Chapter01 unlocking more video insights

Studio for Mac

In May 2017, we announced the global public preview of the

Video Indexer service at the Microsoft Build Developers

-> Learn about Mobile Open... Conference in Seattle. As part of Microsoft Cognitive Services,

Development with Xamarin Video Indexer was introduced as a unique integrated bundling of

Microsoft's cloud-based artificial intelligence and cognitive
capabilities applied specifically for video content. It has since
become the...

—> Get up to speed with .NET Core

Visual Studio Team Services is in Canada!

.NET Conf 2017! (Livestream Nov 19th - 21st, or watch on-
demand)

Xamarin.Forms: Tips for Beating the Learning Curve

Keep credentials out of code: Introducing Azure AD Managed
Service Identity

If you are prompted to update components, then click on Restart and Install Updates.

Now that you have installed and set up your development environment, you will learn
some background about .NET before diving in to writing code.

Understanding .NET

NET Framework, .NET Core, .NET Standard, and .NET Native are related and overlapping
platforms for developers to build applications and services upon.

Understanding .NET Framework

Microsoft's NET Framework is a development platform that includes a Common Language
Runtime (CLR) that manages the execution of code, and provides a rich library of classes to
build applications.
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Microsoft designed .NET Framework to have the possibility of being cross-platform, but
Microsoft put their implementation effort into making it work best with Windows.

Practically speaking, .NET Framework is Windows-only, and a legacy platform.

Understanding the Mono and Xamarin projects

Third parties developed a .NET implementation named the Mono project that you can read

more about at the following link:
http://www.mono—-project.com/

Mono is cross-platform, but it fell well behind the official implementation of .NET
Framework. It has found a niche as the foundation of the Xamarin mobile platform.

Microsoft purchased Xamarin in 2016 and now gives away what used to be an expensive
Xamarin extension for free with Visual Studio 2017. Microsoft renamed the Xamarin Studio
development tool to Visual Studio for Mac, and has given it the ability to create ASP.NET
Core Web API services. Xamarin is targeted at mobile development and building cloud
services to support mobile apps.

Understanding .NET Core

Today, we live in a truly cross-platform world. Modern mobile and cloud development has
made Windows a much less important operating system. So, Microsoft has been working
on an effort to decouple .NET from its close ties with Windows.

While rewriting .NET to be truly cross-platform, Microsoft has taken the opportunity to
refactor .NET to remove major parts that are no longer considered core.

This new product is branded as .NET Core, which includes a cross-platform
implementation of the CLR known as CoreCLR, and a streamlined library of classes known
as CoreFX.

Scott Hunter, Microsoft Partner Director Program Manager for .NET, says, "Forty percent of
our .NET Core customers are brand-new developers to the platform, which is what we want
with .NET Core. We want to bring new people in."
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The following table shows when important versions of .NET Core were released, and
Microsoft's schedule for the next major release:

Version Released

.NET Core RC1 November 2015
.NET Core 1.0 June 2016

.NET Core 1.1 November 2016
.NET Core 1.0.4 and .NET Core 1.1.1 March 2017
.NET Core 2.0 August 2017
.NET Core for UWP in Windows 10 Fall Creators Update | October 2017
.NET Core 2.1 Q12018

If you need to work with .NET Core 1.0 and 1.1, then I recommend that
you read the announcement for .NET Core 1.1, although the information at

the following URL is useful for all NET Core developers:
https://blogs.msdn.microsoft.com/dotnet/2016/11/16/announcing—ne
t-core-1-1/

NET Core is much smaller than the current version of NET Framework because a lot has
been removed.

For example, Windows Forms and Windows Presentation Foundation (WPF) can be used
to build graphical user interface (GUI) applications, but they are tightly bound to
Windows, so they have been removed from .NET Core. The latest technology used to build
Windows apps is Universal Windows Platform (UWP), and UWP is built on a custom
version of .NET Core. You will learn about it in chapter 17, Building Windows Apps Using
XAML and Fluent Design.

ASP.NET Web Forms and Windows Communication Foundation (WCF) are old web
application and service technologies that fewer developers choose to use for new
development projects today, so they have also been removed from .NET Core. Instead,
developers prefer to use ASP.NET MVC and ASP.NET Web API. These two technologies
have been refactored and combined into a new product that runs on .NET Core, named
ASP.NET Core. You will learn about ASP.NET Core MVC in Chapter 15, Building Web
Sites Using ASP.NET Core MVC, ASP.NET Core Razor Pages in Chapter 14, Building Web
Sites Using ASP.NET Core Razor Pages, and ASP.NET Core Web API and Single Page
Applications (SPAs) such as Angular and React in chapter 16, Building Web Services and
Applications Using ASP.NET Core.
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The Entity Framework (EF) 6 is an object-relational mapping technology to work with data
stored in relational databases such as Oracle and Microsoft SQL Server. It has gained
baggage over the years, so the cross-platform version has been slimmed down and named
Entity Framework Core. You will learn about it in Chapter 11, Working with Databases
Using Entity Framework Core.

In addition to removing large pieces from .NET Framework to make .NET Core, Microsoft
has componentized .NET Core into NuGet packages: small chunks of functionality that can
be deployed independently.

Framework. The goal is to componentize .NET Core to support modern
technologies and to have fewer dependencies, so that deployment requires

0 Microsoft's primary goal is not to make .NET Core smaller than .NET
only those packages that your application needs.

Understanding .NET Standard

The situation with .NET today is that there are three forked .NET platforms, all controlled
by Microsoft:

e NET Framework
e NET Core
e Xamarin

Each have different strengths and weaknesses because they are designed for different
scenarios. This has led to the problem that a developer must learn three platforms, each
with annoying quirks and limitations.

So, Microsoft defined .NET Standard 2.0: a specification for a set of APIs that all .NET
platforms must implement. You cannot install .NET Standard 2.0 in the same way that you
cannot install HTML5. To use HTML5, you must install a web browser that implements the
HTMLS5 specification. To use .NET Standard 2.0, you must install a .NET platform that
implements the .NET Standard 2.0 specification.

NET Standard 2.0 is implemented by the latest versions of .NET Framework, .NET Core,
and Xamarin. .NET Standard 2.0 makes it much easier for developers to share code between
any flavor of .NET.
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For .NET Core 2.0, this adds many of the missing APIs that developers need to port old
code written for .NET Framework to the cross-platform .NET Core. However, some APIs
are implemented, but throw an exception to indicate to a developer that they should not
actually be used! This is usually due to differences in the operating system on which you
run .NET Core. You will learn how to handle these exceptions in chapter 2, Speaking C#.

The following diagram summarizes how the three variants of .NET (sometimes known as
App Models) will share the common .NET Standard 2.0 and infrastructure:

Windows Universal iOS (iPhone,
Presentation Windows iPad), macQOs, |
Foundation Platform watchOS, tvOS

ASP.NET ASP.NET Core Android
. Console I Windows

Applications Mobile

NET Core
Xamarin

=z
=
o
2
(]
(S
©
=
L
-
i
=

User Experience Tier

.NET Standard Librar* 2.0

Languages Compilers Runtime components

Common Library
and Infrastructure

The first edition of this book focused on .NET Core, but used .NET Framework when
important or useful features had not yet been implemented in .NET Core. Visual Studio
2015 was used for most examples, with Visual Studio Code shown only briefly.

The second edition was almost completely purged of all NET Framework code examples.

The third edition completes the job. It has been rewritten so that all of the code is pure .NET
Core and can be written with Visual Studio 2017, Visual Studio for Mac, or Visual Studio
Code on any supported operating system. The only exceptions are the last two chapters. In
Chapter 17, Building Windows Apps Using XAML and Fluent Design, you will use NET Core
for UWP, which requires Visual Studio 2017 running on Windows 10, and in Chapter 18,
Building Mobile Apps Using XAML and Xamarin.Forms, you will use Xamarin instead of .NET
Core.
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Understanding .NET Native

Another .NET initiative is .NET Native. This compiles C# code to native CPU instructions
ahead-of-time (AoT), rather than using the CLR to compile intermediate language (IL)
code just-in-time (JIT) to native code later.

.NET Native improves execution speed and reduces the memory footprint for applications.
It supports the following:

e UWP apps for Windows 10, Windows 10 Mobile, Xbox One, HoloLens, and
Internet of Things (IoT) devices such as Raspberry Pi

e Server-side web development with ASP.NET Core
e Console applications for use on the command line

Comparing .NET technologies

The following table summarizes and compares .NET technologies:

Technology Feature set Compiles to | Host OSes

.NET Framework | Both legacy and modern | IL code Windows only

Xamarin Mobile only IL code i0S, Android, Windows Mobile
.NET Core Modern only IL code Windows, macOS, Linux

.NET Native Modern only Native code | Windows, macQOS, Linux

Writing and compiling code using the .NET
Core CLI tool

When you install Visual Studio 2017, Visual Studio for Mac, or the .NET Core SDK, a
Command-Line Interface (CLI) tool named dotnet is installed, as well as the .NET Core

runtime.

Before we use CLI tools, such as dotnet, we need to write some code!
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Writing code using a simple text editor

If you are using Windows, start Notepad.

If you are using macOS, launch TextEdit. Navigate to TextEdit | Preferences, clear the
Smart quotes check box, and then close the dialog. Navigate to Format | Make Plain Text.

Alternatively, run your favorite plain text editor.

Enter the following code:

class MyApp { static void Main() {
System.Console.WriteLine ("Hello, C#!"); } }

Ct is case sensitive, meaning that you must type uppercase and lowercase
characters exactly as shown in the preceding code. C# is not whitespace
sensitive, meaning that it does not care if you use tabs, spaces, or carriage-
returns to layout your code however you like.

You can type the code all in one line, or spread it out over multiple lines and indent your
lines. For example, the following code would also compile and have the same output:

class
MyApp {
static void
Main () {System. Console.
WriteLine ( "Hello, C#!"); } }

Of course, it's best to write your code in a way that other programmers, and yourself
months or years later, can clearly read!

If you are using Windows Notepad
In Notepad, navigate to File | Save As....

In the Save As dialog, change to drive C: (or any drive which you want to use to save your
projects), click on the New folder button, and name the folder Code. Open the Code folder,
and click on the New folder button, and name the folder Chapter01. Open the Chapter01
folder, and click on the New folder button, and name the folder Hel1loCs. Open the
HellocCs folder.
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In the Save as type field, select All Files from the drop-down list to avoid appending the
.txt file extension, and enter the filename as MyApp . cs, as shown in the following

screenshot:
| save As X
<« v A < Local Disk (C:) » Code » Chapter01 » HelloCS v O  Search HelloCs P
Organize ~ New folder E=l 0
£. Local Disk (C) "~ Name Date modified Type

Backup
No items match your search.
Code
Chapter01

HelloCS vl <

File name: | MyApp.cs
Save as type: |All Files

Cancel

~ Hide Folders Encoding: ANSI v

Your code in Notepad should look something like the following screenshot:

| MyApp.cs - Notepad - | X

File Edit Format View Help

class MyApp { static void Main() {
System.Console.WriteLine("Hello, C#!"); } }
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If you are using macOS TextEdit

In TextEdit, navigate to File | Save..., or press Cmd + S.

In the Save dialog, change to your user folder (mine is named mark jprice) or any
directory in which you want to use to save your projects, click on the New Folder button,
and name the folder Code. Open the Code folder, and click on the New Folder button, and
name the folder Chapter01. Open the Chapter01 folder, and click on the New Folder
button, and name the folder HelloCs. Open the HellocCs folder.

In the Plain Text Encoding field, select Unicode (UTE-8) from the drop-down list, uncheck
the box for If no extension is provided, use ".txt" to avoid appending the . txt file
extension, enter the filename as MyApp. cs, and click on Save.

Creating and compiling apps using the .NET Core
CLlI tool

If you are using Windows, start Command Prompt.

If you are using macOS, launch Terminal.

At the prompt, enter the dotnet command and note the output, as shown in the following
screenshot on macOS:

[ ] @ ™ markjprice — -bash — 54x11
Marks—-MBP-13:~ markjprice$ dotnet

Usage: dotnet [options]
Usage: dotnet [path-to-application]

Options:
-h|--help Display help.
——version Display version.

path-to-application:
The path to an application .dll file to execute.

The output from the dotnet command-line tool will be identical on
Windows, macOS, and Linux.
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Creating a console application at Command Prompt

Enter the following commands at the prompt to do the following:

e Change to the folder for the project
¢ Create a new console application in the directory
e List the files that the dotnet command-line tool created

If you are using Windows, in Command Prompt, enter the following:

cd C:\Code\Chapter01l\HelloCS
dotnet new console
dir

If you are using macOS, in Terminal, enter this:

cd Code/Chapter0l/HelloCS
dotnet new console
1ls

You should see that the dotnet tool has created two new files for you, as shown in the
following screenshot on Windows:

e Program.cs: Source code for a simple console application

e HelloCS.csproj: A project file that lists dependencies and project-related
configuration:

B Command Prompt - O X

c:\Code\Chapter@l\HelloCS>dir
Volume in drive C has no label.
Volume Serial Number is 64EC-OEA3

Directory of c:\Code\Chapter@l\HelloCS

04:22 PM <DIR>
©4:22 PM <DIR>

04:22 PM 178 HelloCS.csproj
04:16 PM 81 MyApp.cs
04:22 PM <DIR> obj
04:22 PM 189 Program.cs

3 File(s) 448 bytes

3 Dir(s) 34,891,022,336 bytes free

c:\Code\Chapterel\HelloCS>
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For this example, we must delete the file named Program. cs, since we have already
created our own class in the file named MyApp.cs.

If you are using Windows, in Command Prompt, enter the following command:
del Program.cs

If you are using macOS, in Terminal, enter this:
rm Program.cs

In all future examples, we will use the Program. cs file generated by the
tool rather than manually create our own.

Restoring packages, compiling code, and running the
application
At the prompt, enter the dotnet run command.

After a few seconds, all the packages needed by our code will be downloaded, the source
code will be compiled, and your application will run, as shown in the following screenshot

on macOS:

[ NON HelloCS — -bash — 80x6
Marks-MBP-13:hellocs markjprice$ 1s
HelloCS.csproj MyApp.cs Program.cs obj

Marks-MBP-13:hellocs markjprice$ rm Program.cs
Marks-MBP-13:hellocs markjprice$ dotnet run
Hello, C#! _
Marks-MBP-13:hellocs markjprice$ [

Your source code, the MyApp. cs file, has been compiled into an assembly named
HelloCS.dll in the bin/Debug/netcoreapp2.0 subfolder. (Browse your filesystem for it
if you like, I'll be waiting here for you to come back and continue.)
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For now, this assembly can only be executed by the dotnet run command. In chapter 7,
Understanding and Packaging .NET Standard Types, you will learn how to package your
compiled assemblies for use on any operating system that supports .NET Core.

Fixing compiler errors

If the compiler displays errors, read them carefully, and fix them in your text editor. Save
your changes and try again.

At the prompt, you can press the up and down arrows on your keyboard
0 to cycle through previous commands you have entered.

A typical error might be using the wrong case, a missing semicolon at the end of a line, or a
mismatched pair of curly braces. For example, if you mistyped a lowercase m for the Main
method, you would see the following error message:

error CS5001: Program does not contain a static 'Main' method
suitable for an entry point

Understanding intermediate language

The C# compiler (named Roslyn) used by the dotnet CLI tool converts your C# source
code into IL code, and stores the IL in an assembly (a DLL or EXE file).

IL code statements are like assembly language instructions, but they are executed by .NET
Core's virtual machine, known as the CoreCLR.

At runtime, the CoreCLR loads the IL code from the assembly, JIT compiles it into native
CPU instructions, and then it is executed by the CPU on your machine.

The benefit of this two-step compilation process is that Microsoft can create CLRs for Linux
and macOS as well as for Windows. The same IL code runs everywhere because of the
second compilation process that generates code for the native operating system and CPU
instruction set.
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Regardless of which language the source is written in, for example, C# or F#, all NET
applications use IL code for their instructions stored in an assembly. Microsoft and others
provide disassembler tools that can open an assembly and reveal this IL code.

compiler to generate native code instead of IL code, improving

Actually, not all .NET applications use IL code! Some use .NET Native's
0 performance and reducing memory footprint, but at the cost of portability.

Writing and compiling code using Visual
Studio 2017

We will now create a similar application using Visual Studio 2017. If you have chosen to use
Visual Studio for Mac or Visual Studio Code, I still recommend that you review these
instructions and screenshots because Visual Studio for Mac and Visual Studio Code have
similar, although not as extensive, features.

I have been training students to use Visual Studio for over a decade, and I am always
surprised at how many programmers fail to use the tool to their advantage.

Over the next few pages, I will walk you through typing a line of code. It may seem
redundant, but you will benefit from seeing what help and information Visual Studio
provides as you enter your code. If you want to become a fast and accurate coder, letting
Visual Studio write most of your code for you is a huge benefit!

Writing code using Microsoft Visual Studio 2017

Start Visual Studio 2017.
Navigate to File | New | Project... or press Ctrl + Shift + N.

From the Installed list on the left, expand Visual C#, and choose .NET Core. In the list at
the center, choose Console App (.NET Core). Enter the name WelcomeDotNetCore, set the
location to C: \Code, enter Chapter01 as the solution name, and click on OK or press Enter,
as shown in the following screenshot:
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New Project

? X

P Recent

- |.NET Framework 4.7.1

'| Sort by: | Default

i Search (Ctrl+E)

Feld

4 |nstalled

4 Visual C#
Windows Universal
Windows Classic Desktop
Web
.NET Core
.NET Standard
Cloud
Test

Not finding what you are looking for?

Open Visual Studio Installer

0
#

(2]
#*

1 50

D

Console App (.NET Core)
Class Library (NET Core)
Unit Test Project (NET Core)
xUnit Test Project (NET Core)

ASP.NET Core Web Application

Visual C#

Visual C#

Visual C#

Visual C#

Visual C#

M |

Name: WelcomeDotNetCore
Location: |C:\Code
Solution name: Chapter01

Type: Visual C#

A project for creating a command-line
application that can run on .NET Core on
Windows, Linux and MacOS.

Browse...

Create directory for solution
l:‘ Add to Source Control

Cancel

Ignore the target set to NET Framework 4.7.1. That drop-down list box
does not affect NET Core projects!

In the code editor, delete the statement on line 9 that says the following:
Console.WriteLine ("Hello World!");

Inside the Main method, type the letters sy, as shown in the following screenshot, and note
the IntelliSense menu that appears:

Program.cs* + X

WelcomeDotNetCore

C ©

i "'VWelcameDotNetCore.Program

o % o £

namespace System

1 using System;

2

3 -Inamespace WelcomeDotNetCore
4 {

5 = class Program

6 {

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

0 s

1o ¥ *% OperatingSystem
E } } {} BEE

13 %z SystemException

-9, Main(string[] args) -
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1

IntelliSense shows a filtered list of keywords, namespaces, and types that contain the letters

sy and highlights the one that starts with sy, which happens to be the namespace that we

want—System.

Type a dot (also known as decimal point or full stop).

IntelliSense automatically completes the word System for you, enters the dot, and displays
a list of types, such as AggregateException and Action, in the System namespace, as

shown in the following screenshot:

v O.—. Main(string[] args)

“ | class System.AccessViolationException

%z AggregateException

#z AppContext

4z AppDomain

4z AppDomainUnloadedException
#z ApplicationException

o % oa & @ ()

WelcomeDotNetCore ~ "'x WelcomeDotNetCore.Program
1 using System;
2
3 —Inamespace WelcomeDotNetCore
4 {
5 ] class Program
6 {
7 = static void Main(string[] args)
8 {
o systen]_
1o ¥ *% |AccessV|o[atlonExcephon
1 ¥ @ Action
12 ¥
13 @ Action<>
’T; Activator

The exception that is thrown when there is an attempt to read or write protected memory.

b ldb|

Type the letters con, IntelliSense shows a list of matching types and namespaces, as shown

in the following screenshot:
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Program.cs* + X

[&#] WelcomeDotNetCore ~ | "% WelcomeDotNetCore.Program -9, Main(string[] args)
1 using System;
2
3 [=Inamespace WelcomeDotNetCore
4 g
5 = class Program
I R
7 = static void Main(string[] args)
8 {
9% System.con
1o ¥ #z AppContext -
E } } ¥ ‘\: BitConverter

13 {81 Configuration namespace System.Configuration

%3 Console

‘E: ConsoleCancelEventArgs

@ ConsoleCancelEventHandler
ConsoleColor

ConsoleKey

LR

ConsoleKeylInfo -

We want Console. Press the down arrow on your keyboard to highlight it. When Console
is selected, type a dot.

IntelliSense shows a list of the members of the Console class, as shown in the following
screenshot:

WelcomeDotNetCore 1% WelcomeDotNetCore.Program < G)g Main(string[] args) v
1 using System; ==
2 -
3 ~Inamespace WelcomeDotNetCore
4 {

5 = class Program

6 {

7 S| static void Main(string[] args)

8 {

99 System.Console.‘v -:
1? P ) ¥ F “ ConsoleColor Console.BackgroundColor { get; set; }
- } @ Beep Gets or sets the background color of the console.
13 & BufferHeight

& BufferWidth

% CancelKeyPress

& CapsLock

@ Clear

& Cursorleft

ﬁ CursorSize -

FRAR"

Members include properties (attributes of an object, such as
BackgroundColor), methods (actions the object can perform, such as
Beep), events, and other related things.
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Type the letters wl. IntelliSense shows two matching members containing these letters in
title case, WindowLeft and WriteLine, as shown in the following screenshot:

[e#] WelcomeDotNetCore < "'uWelcomeDotNetCoreProgram v 9.3 Main(string[] args) v
1 using System; =+
2 -
3 -Inamespace WelcomeDotNetCore
4 {

5 = class Program
6 {
7 = static void Main(string[] args)
8 { g1
9 System.Consols.w}]\.lA
1? } ¥ e int Console.WindowlLeft { get} §et; } } i
- ) ©  WriteLine Gets or sets the leftmost position of the console window area relative to the screen buffer.
13 F 5 9

Use the down arrow to highlight WriteLine and then type an open parenthesis (.
IntelliSense autocompletes WriteLine and enters a pair of parentheses.

You will also see a tooltip telling you that the WriteLine method has 18 variations, as
shown in the following screenshot:

Program.cs* # X
WelcomeDotNetCore 1% WelcomeDotNetCore.Program N G’a Main(string[] args) <
1 using System; +
2 a
3 ~Inamespace WelcomeDotNetCore
4 {
5 = class Program
6 {
7 = static void Main(string[] args)
8 {
<=
97 System.Console.writeLine(‘)M
18 } A 1 of 18 ¥ void Console.WriteLine()
E 3 } Writes the current line terminator to the standard output stream.
13

Type a double quote ("). IntelliSense enters a pair of double quotes for you and leaves the
keyboard cursor in between them.
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Type the text welcome, .NET Core!, as shown in the following screenshot:

[<#] WelcomeDotNetCore & (tyWelcomeDotNetCore.Program < rhﬁ Main(string[] args) v
1 using System; +
2
3 -Inamespace WelcomeDotNetCore
4 {
5 = class Program
6 {
7 = static void Main(string[] args)
8 {

©

System.Console.WriteLine("Welcome, .NET Core !‘")M
10 }

11 }

12 }

13

The red squiggle at the end of the line indicates an error because every C# statement must
end in a semicolon. Move the cursor to the end of the line and type a semicolon to fix the
error.

Compiling code using Visual Studio 2017

Navigate to Debug | Start Without Debugging or press Ctrl + F5.

Visual Studio's status bar tells us that Build started..., then Build succeeded, and then your
console application runs in a Command Prompt window, as shown in the following
screenshot:

B C:\Windows\system32\cmd.exe — O X

Welcome, .NET Core!
Press any key to continue .

To save space in this book and to make the output clearer, I will usually not include
screenshots of output from console applications as I did in the previous screenshot. Instead,
I will show the output like this:

Welcome, .NET Core!
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Fixing mistakes with the error list

Let's make two deliberate errors:

e Change the M of the Main method to the lowercase letter m
o Delete the e at the end of the method name, WriteLine

Navigate to Debug | Start Without Debugging or press Ctrl + F5.

After a few seconds, the status bar tells us that Build failed and an error message appears.
Click on No.

Error List becomes active, as shown in the following screenshot:

Program.cs # X v

WelcomeDotNetCore 1% WelcomeDotNetCore.Program ~ %5 main(string[] args) v
1 using System; =
2 -
3 —Inamespace WelcomeDotNetCore
4 {
5 = class Program
6 { .
7 = static void main(string[] args)
8 {
9 System.Console.WriteLin("Welcome, .NET Core!");
10 }
11 }
12 }
13 -
100% ~
Error List - Current Project (WelcomeDotNetCore) v B x
Current Project v HQ 2 Errors H‘ 1 0 Warnings H © 0 of 1 Message “ Build + IntelliSense v Search Error List o
* Code Description Project File Line  SuppressionS.. Y
Q cs5001 Er(jg{am does not contain a static 'Main' method suitable for an entry WelcomeDotNetCore csc 5 Active
Q CS0117 'Console’ does not contain a definition for "WriteLin® WelcomeDotNetCore Program.cs 9 Active

The list can be filtered to show Errors, Warnings, and Messages by clicking on the toggle
buttons in the toolbar at the top of the Error List window.

If an error shows a file and a line number, for example File: Program.cs and Line: 9, then
you can double-click on the error to jump to that line causing the problem.

If it's a more general error, such as the missing Main method, the compiler can't tell you a
useful line number. You might want a method named main as well as a method named
Main (remember that C# is case sensitive, so you're allowed to do that).
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However, Visual Studio can also analyze your code and highlight suggestions with three
small grey dots under a potential problem. When you click on the dotted statement, a light
bulb appears, and if you click on it, it provides suggestions for improvements, such as
telling you that method names should begin with an uppercase character, as shown in the
following screenshot:

Program.cs* # X

WelcomeDotNetCore 1% WelcomeDotNetCore.Program ¥ %5 main(string[] args) <
3 —Inamespace WelcomeDotNetCore +
4 { -
5 = class Program
6 {

7 = static void main(string[] args) -
8 { ? v
9 Sy = e ST, PPN MET Canal™).

10 } Fix Name Violation: Main ‘z‘ © 1DE1006 Naming rule violation: These words must begin with upper

11 } case characters: main

12 }

static void ain(string[] args)
static void Main(string[] args)
{ -

100% ~

‘ Change Style Options ‘
I Error List - Current Project (WelcomeDotNetCore) I
Preview changes
Current Project v |‘ ‘ o VoI TIviessage [y [ DUliu T Ienisense ~ Search Error List P~

* Code Description Project File Line SuppressionS.. Y

Program does not contain a static ‘Main' method suitable for an entry WelcomeDotNetCore csc 1 Active

€3 Cs5001 o

As shown in the preceding screenshot, fix the two errors, and rerun the application to
ensure that it works before you continue. Note that the Error List window updates to show
No errors.

Adding existing projects to Visual Studio 2017

Earlier, you created a project using the dotnet CLI tool. Now that you have a solution in
Visual Studio 2017, you might want to add the earlier project to the solution.

Navigate to File | Add | Existing Project..., browse to the C:\Code\Chapter01\HelloCS
folder, and select the Hel1oCS.cspro] file.

To be able to run this project, in Solution Explorer, right-click on Solution 'Chapter01' (2
projects), and choose Properties or press Alt + Enter.
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For the Startup Project option, click on Current selection, and then click on OK.

In Solution Explorer, click on any file inside the He11oCs project, and then press Ctrl + F5,
or navigate to Debug | Start Without Debugging.

Autoformatting code

Code is easier to read and understand if it is consistently indented and spaced out.

If your code can compile, then Visual Studio 2017 can automatically format it, nicely spaced
and indented for you.

In Solution Explorer, double-click on the file named MyApp . cs, as shown in the following
screenshot:

MyApp.cs # X itelelp¥ed ~ | Solution Explorer v X
[ HelloCs ~ 1 "% MyApp ~ 1 @, Main() - & = ,‘ ©-S & @ ‘ I,E
1 —Iclass MyApp { static void Main() { =
2 System.Console.WriteLine("Hello, C#!"); } } “ [ Search Solution Explorer (Ctrl+;)
% Solution 'Chapter01' (2 projects)
4 HelloCS
b 4 Dependencies
b c* MyApp.cs
4 WelcomeDotNetCore
P ' Dependencies
b ¢* Program.cs

100% ~ 4 » Solution Explorer BEEMRSGIEIE,

Navigate to Build | Build HelloCS or press Shift + F6, wait for your code to build, and then
navigate to Edit | Advanced | Format Document, or press Ctrl + E, D. Your code will be
autoformatted, as shown in the following screenshot:

MyApp.cs* H X [BIERIETNE ~ | Solution Explorer v X

[ HelloCS - % MyApp | ®, Main( - Qe o-s a@| s E]
1 =lclass MyA +
vpe -: Search Solution Explorer (Ctrl+;)

=] static void Main() ,q'__| Solution 'Chapter01' (2 projects)
{ 4 HelloCS
System.Console.WritelLine("Hello, C#!"); Al b %" Dependencies
¥ b c* MyApp.cs
} 4 WelcomeDotNetCore
P« Dependencies
b ¢* Program.cs

100% ~ 4 » Solution Explorer BEEMRSIEIE:

NouhwN
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Experimenting with C# Interactive

Although Visual Studio has always had an Immediate window with limited Read-eval-
print loop (REPL) support, Visual Studio 2017 includes an enhanced window with full
IntelliSense and color syntax code named C# Interactive.

In Visual Studio 2017, navigate to View | Other Windows | C# Interactive.

We will write some interactive code to download the About page from Microsoft's public
website.

This is just an example. You don't need to understand the code yet!

At the C# Interactive prompt, we will enter commands to do the following;:

Reference the system.Net .Http assembly

Import the System.Net . Ht tp namespace

Declare and instantiate an HTTP client variable

Set the client's base address to Microsoft's website

Asynchronously wait for a response to a GET request for the About page
Read the status code returned by the web server

Read the content type header

Read the contents of the HTML page as a string

Type each of the following commands after the > prompt, and then press Enter:

#r "System.Net.Http"

using System.Net.Http;

var client = new HttpClient ();

client .BaseAddress = new Uri ("http://www.microsoft.com/");
var response = await client.GetAsync("about");
response.StatusCode

VVVYV VY

OK

> response.Content .Headers.GetValues ("Content-Type")

string[l] { "text/html" }

> await response.Content.ReadAsStringAsync ()

"<IDOCTYPE html ><html

xmlns :mscom="http://schemas.microsoft.com/CMSvNext"
xmlns:md="http://schemas.microsoft.com/mscom-data" lang="en"
xmlns="http://www.w3.0rg/1999/xhtml"><head><meta http-equiv="X-UA-
Compatible" content="IE=edge" /><meta charset="utf-8" /><meta
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name="viewport" content="width=device-width, initial-scale=1.0"
/><1link rel="shortcut icon"
href="//www.microsoft.com/favicon.ico?v2" /><script
type="text/javascript"
src="http://ajax.aspnetcdn.com/ajax/jQuery/jquery-

1.7.2.min.js">rn // Third party scripts and code linked to

or referenced from this website are licensed to you by the parties
that own such code, not by Microsoft. See ASP.NET Ajax CDN Terms of
Use - http://www.asp.net/ajaxlibrary/CDN.ashx.rn

</script><script type="text/javascript"
language="javascript">/*<! [CDATA[*/if ($ (document) .bind ("mobileinit
", function () {$.mobile.autoInitializePage=!1}),navigator.userAgent.ma
tch(/IEMobile\/10\.0/)) {var

msViewportStyle=document .createElement ("style

The following screenshot shows what Visual Studio 2017 should look like after you've
entered the preceding commands into the C# Interactive window:

C# Interactive

OSE+ V¥

Microsoft (R) Roslyn C# Compiler version 2.3.2.61928
Loading context from 'CSharpInteractive.rsp’.
Type "#help" for more information.

#r "System.Net.Http"

using System.Net.Http;

var client = new HttpClient();

client.BaseAddress = new Uri("http://www.microsoft.com/");

var response = await client.GetAsync("about");
response.StatusCode

> response.Content.Headers.GetValues("Content-Type")
string[1] { "text/html" }
> await response.Content.ReadAsStringAsync()
"<IDOCTYPE html ><html xmlns:mscom=\"http://schemas.microsoft.com/CMSvNext\" xn
>
100% ~| 4

C# Interactive W] diEss

-
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Roslyn is the name of the C# compiler. Roslyn version 1.0 was for C# 6.
Roslyn version 2.0 was for C# 7. Roslyn 2.3 and later is for C# 7.1.

Other useful windows

Visual Studio 2017 has lots of other useful windows, including the following:

e Solution Explorer for managing projects and files

e Team Explorer for source code management tools

¢ Server Explorer for managing database connections and resources to manage in

Microsoft Azure

If you can't see a window you need, go to the View menu to make it reappear or learn its
keyboard shortcut, few of such shortcuts are shown in the following screenshot:

View
<>
bl

k=
0;
|
o
>

Project  Build  Debug

Code

Solution Explorer

Team Explorer

Server Explorer

SQL Server Object Explorer
Call Hierarchy

Class View

Code Definition Window
Object Browser

Error List

Output

Team  Tools
F7

Ctrl+W, S
Ctrl+", Ctrl+M
Ctrl+W, L
Ctrl+, Ctrl+S
Ctrl+W, K
Ctrl+W, C
Ctrl+W, D
Ctrl+W, J
Ctrl+W, E
Ctrl+W, O
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If your keyboard shortcuts are different from the ones in the preceding

screenshot, it is because you picked a different set when you installed
0 Visual Studio. You can reset your keyboard shortcuts to match the ones

used in this book by clicking on the Tools menu, then clicking on Import
and Export Settings..., choosing Reset all settings, and then choosing to
reset to the Visual C# settings collection.

Writing and compiling code using Visual
Studio Code

The instructions and screenshots in this section are for macOS, but the same actions will
work with Visual Studio Code on either Windows or Linux. The main differences will be
native command-line actions such as deleting a file: both the command and the path are
likely to be different. The dotnet CLI tool will be identical on all platforms.

Writing code using Visual Studio Code

Start Visual Studio Code.
Navigate to File | Open..., or press Cmd + O.

In the dialog, open the Code folder, select the Chapter01 folder, click on the New Folder
button, enter the name WelcomeDotNetCore, and click on Create. Select the
WelcomeDotNetCore folder, and click on Open or press Enter.

In Visual Studio Code, navigate to View | Integrated Terminal, or press Ctrl + .

At the TERMINAL prompt, enter the following command:

dotnet new console
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You will see that the dotnet command-line tool creates a new console application project
for you in the current folder, and the Explorer window shows the two files created, as
shown in the following screenshot:

@ Code File Edit Selection View Go Debug Tasks Window Help
[ X} Welcome — WelcomeDotNetCore

EXPLORER Welcome x

4 OPEN EDITORS
p Welcome Start Customize
4 WELCOMEDOTNETCORE

b obj Tools and languages
? Program.cs Install support for
a WelcomeDotNetCore.csproj

@ TERMINAL 1: bash

Marks-MBP-13:WelcomeDotNetCore markjprice$ dotnet new console
The template "Console Application" was created successfully.

Processing post-creation actions...
Running 'dotnet restore' on /Users/markjprice/Code/Chapter@l/WelcomeDotNetCore/WelcomeDotNe
tCore.csproj...

Restoring packages for /Users/markjprice/Code/Chapter@1l/WelcomeDotNetCore/WelcomeDotNetCo
re.csproj...

Generating MSBuild file /Users/markjprice/Code/Chapter@l/WelcomeDotNetCore/obj/WelcomeDot
NetCore.csproj.nuget.g.props.

Generating MSBuild file /Users/markjprice/Code/Chapter@l/wWelcomeDotNetCore/obj/WelcomeDot
NetCore.csproj.nuget.g.targets.

Restore completed in 253.77 ms for /Users/markjprice/Code/Chapter@l/WelcomeDotNetCore/Wel
comeDotNetCore.csproj.

Restore succeeded.

Marks-MBP-13:WelcomeDotNetCore markjprice$ fi

In the EXPLORER window, click on the file named Program. cs to open it in the editor
window.
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If you see the warnings mentioning that the required assets are missing, click on Yes, as
shown in the following screenshot:

@ Code File Edit Selection View Go Debug Tasks Window Help
[ N J Program.cs — WelcomeDotNetCore

EXPLORER w.n\ Required assets to build and debug are missing from 'WelcomeDotNetCore'... Don't Ask Again Not Now  Yes

4 OPEN EDITORS lng System;

Welcome
WelcomeDotNetCore

Program.cs
4 WELCOMEDOTNETCORE

es

> bin C Program

> obj
Program.cs grefere
gram. id Main(string[] args)
3 WelcomeDotNetCore.csproj

Console.WriteLine("Hello World!");

TERMINAL 1: bash + @ A x
NetCore.csproj.nuget.g.targets.
Restore completed in 253.77 ms for /Users/markjprice/Code/Chapter@l/WelcomeDotNetCore/Wel
comeDotNetCore.csproj.

Restore succeeded.

Marks-MBP-13:WelcomeDotNetCore markjprice$ []
Ln1,Col1 Spaces:4 UTF-8withBOM CRLF C# & WelcomeDotNetCore @

Modify the text that is being written to the console to say, Welcome, .NET Core!

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

Compiling code using Visual Studio Code

Navigate to View | Integrated Terminal or press Ctrl + °, and enter the following
command:

dotnet run

The output in the TERMINAL window will show the result of running your application.
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Autoformatting code

In Visual Studio Code, navigate to File | Open, and open the Chapter01 folder.
In Explorer, expand HelloCS, and select MyApp.cs.
Click on Yes, when prompted to add required assets.

In Visual Studio Code, either right-click and choose Format Document, or press Alt + Shift +
F, as shown in the following screenshot:

@ Code File Edit Selection View Go Debug Tasks Window Help
o000 MyApp.cs — Chapter01

EXPLORER Welcome MyApp.cs %

4 OPEN EDITORS 0 references | O references
class MyApp f| static void Main() {

Welcome -
System.Console.WriteLine("Hello, C#!"); }H

MyApp.cs HelloCS
4 CHAPTERO1
Go to Definition F12
Peek Definition X F12
Find All References OF12

b .vscode
4 HelloCS
> bin
> obj Rename Symbol F2
3 HelloCS.csproj Change All Occurrences 382

MyApp.cs Format Document

4 WelcomeDotNetCore Cut

> .vscode Copy
» bin Paste

> obj Command Palette...
Program.cs

ﬁ S WelcomeDotNetCore.csproj

Ln2,Col 44 Spaces:4 UTF-8 LF C# & Chapter0l @

Visual Studio Code is rapidly approaching feature parity with Visual Studio 2017 on
Windows.

Writing and compiling code using Visual
Studio for Mac
Start Visual Studio for Mac, and navigate to File | New Solution.

In the list on the left, in the .NET Core section, select App.
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In the project template list in the middle, select Console Application, and then click on
Next, as shown in the following screenshot:

[ BON ) New Project

Choose a template for your new project

(® Recently used General

onsole Application c# v
£ Multiplatform -@ b ct

App ASP.NET Core
Library

Tests ASP.NET Core Empty
2

i ios 5 ASP.NET Core Web App
L

App
Library 9 ASP.NET Core Web API

Tests
ASP.NET Core Web App
.

Console Application

Creates a new .NET Core console project.

% Android

App
Library
Tests

<D .NET Core

Library
Tests

M Mac

App

L

Cancel Previous -

In the Configure your new Console Application step, select a Target Framework of .NET
Core 2.0, and click on Next.
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In the Configure your new Console Application step, enter Project Name as
WelcomeDotNetCoreMac, enter Solution Name as Chapter01, set the Location to your
Code folder, and click on Create, as shown in the following screenshot:

[ JON ) New Project

Configure your new Console Application

PREVIEW
[ /Users/markjprice/Code
" Chapter01
[0 chapter01.sin
[ WelcomeDotNetCoreMac

Project Name: [WelcomeDotNetCoreMac ‘ D WelcomeDotNetCoreMac.csproj

Solution Name: [ Chapter01 ‘

Browse...

Location: l/Users/markjprice/Code

Create a project directory within the solution directory.

Version Control: [ ] Use git for version control.

V| Create a .gitignore file to ignore inessential files.

Cancel Previous -
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Modify the text that is being written to the console to say, Welcome, .NET Core on the
Mac!

In Visual Studio for Mac, navigate to Run | Start Without Debugging, or press Cmd +
Option + Enter.

The output in Terminal will show the result of running your application.

In the Solution pad, right-click on Chapter01, and go to Add | Add Existing Project....

@ Visual Studio Community File Edit View Search Project Build Run Version Control Tools Window Help
[ JOX ) | 3 [ Debug > [] Default Visual Studio Community 2017 for Mac Q-
(& Solution =i < > Program.cs v T
o
Build Chapter01 8K - & Program > (I Main(string[] args) é
v [1! Rebuild Chapter01 ~8K ; using System; 2
3
; Gl Gt i 3K 3 namespace WelcomeDotNetCoreMac B
t 4q S
) . 5 class Program K]
View Archives 6 2
7 static void Main(string[] args) 3
Run Iltem 8
Start Debugging ltem 9 Console.WriteLine("Welcome, .NET Core on the Mac!"); =
10 1
o
Add » Add New Project... §
Update NuGet Packages Add Existing Project... Add a project to the selected solution &
Restore NuGet Packages ) %
Add Solution Folder e
Tools > g
Version Control . _
Add Files... X 38A 4
Analyze Source T S
Find in Files... 0 38F =
Reveal in Finder g
Cut ¥8X
Rename... #R
Close
Options
Display Options >
Refresh
© Errors v Tasks B Package Console » ication Output - oreMac

In the HelloCS folder, select Hel11oCS.cs.proj.

In the Solution pad, right-click on HelloCS, and select Run Item, as shown in the following
screenshot:
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@ Visual Studio Community File Edit View Search Project Build Run Version Control Tools Window Help
[ ) [ ) | ] WelcomeDotNetCoreMac > [] » @ Build successful. Qv
[& Solution < >  Program.cs MyApp.cs v T
3
v [i5| Chapter01 MyApp > No selection 8
g
IEEETE glid Hellocs % I : 21355 MyApp %
> [ Dej .
! ¢ Rebuild HelloCS ~ 3K 3 static void Main() 8
@My CleanHelloCS  0%K 4 =
v [[] Welet  Unload 5 System.Console.WriteLine("Hello, C#!"); s
> Det 6 } {ED'.
[@ Pro View Archives 7} ]
Run current project =
Start Debugging Item g
Run With > 5
Set As Startup Project &
o
Add > =
3
Tools >
Version Control > ;
3
Analyze Source 5
Find in Files... O8F z
Reveal in Finder
Copy #C
Cut 8X
Delete 8
Rename... %R
Options
Refresh
Q Errors + Tasks B Package Console P> Application Output - WelcomeDotNetCoreMac

Next steps

You now know how to create and build simple .NET Core applications for Windows and
macOS (and Linux is just as easy).

You will be able to complete almost all of the chapters in this book using Visual Studio 2017
on Windows, Visual Studio for Mac, or Visual Studio Code on Windows, macOS, or Linux.

Managing source code with GitHub

Git is a commonly used source code management system. GitHub is a company, website,
and desktop application that makes it easier to manage Git.
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I used GitHub to store solutions to all the practical exercises at the end of each chapter at
the following URL:

https://github.com/markjprice/cs7dotnetcore2

Using Git with Visual Studio 2017

Visual Studio 2017 has built-in support for using Git with GitHub as well as Microsoft's
own source code management system named Visual Studio Team Services (VSTS).

Using the Team Explorer window

In Visual Studio 2017, navigate to View | Team Explorer, as shown in the following
screenshot:

Team Explorer - Connect v 1 X
@ ¥Fl ¢ P

Connect | Offline

Manage Connections «
4 Hosted Service Providers
g Visual Studio Team Services
Microsoft Corporation
Services to help you ship high quality software. On

time, every time. Focus on your code. We'll simplify
the rest.

Connect... Get started for free @

GitHub
GitHub, Inc.

Powerful collaboration, code review, and code
management for open source and private projects.

Connect... Sign up @

4 Local Git Repositories
New | Add = | Clone | View Options =

Add or clone a Git repository to get started.

S VTS CIETE Team Explorer
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Although it is a good idea to sign up with an online source code management system
provider, you can clone a GitHub repository without signing up for an account.

Cloning a GitHub repository

In the Team Explorer window, expand Local Git Repositories, click on the Clone menu,
and then enter the following URL of a Git repository to clone it:

https://github.com/markjprice/cs7dotnetcore2.git
Enter a path for the cloned Git repository:
C:\Code\Repos\cs7dotnetcore?2

Click on the Clone button, as shown in the following screenshot:

Team Explorer - Connect
@ ¥lC
Connect | Offline

Manage Connections =

P Hosted Service Providers

4 Local Git Repositories
New « | Add | Clone = | View Options

https://github.com/markjprice/cs7dotnetcore2.git
C\Code\Repos\cs7dotnetcore2

Recursively Clone Submodules

Add or clone a Git repository to get started.

S| M NSGII M Team Explorer

Wait for the Git repository to clone locally.
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You will now have a local copy of the complete solutions to all of the hands-on practice
exercises for this book.

Managing a GitHub repository

Double-click on the cs7dotnetcore? repo to open a detail view.

You can click on the options in the Project section to view Pull Requests and Issues, and
other aspects of a repository.

You can double-click on an entry in the Solutions section to open it in Solution Explorer.

Using Git with Visual Studio Code

Visual Studio Code has support for Git, but it will use your OS's Git installation, so you
must install Git 2.0 or later first before you get these features. You can install Git from the
following link:

https://git-scm.com/download

If you like to use a GUI, you can download GitHub Desktop from the

following link:
https://desktop.github.com

Configuring Git at the command line

Launch Terminal, and enter the following command to check your configuration:
git config —-list

The output should include your username and email address, because these will be used
with every commit that you make:

...other congfiguration...
user .name=Mark J. Price
user.email=markjprice@gmail.com

If your username and email has not been set, to set your username and email, enter the
following commands, using your own name and email, not mine:

git config —-—global user.name "Mark J. Price"
git config —-—global user.email markjprice@gmail.com
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You can check an individual configuration setting like this:

git config user.name

Managing Git with Visual Studio Code

Launch Visual Studio Code, and open the Code folder.

Navigate to View | Integrated Terminal or press Ctrl + °, and enter the following
commands:

mkdir Repos
cd Repos
git clone https://github.com/markjprice/cs7dotnetcore2.git

Cloning all of the solutions for all of the chapters to your local drive will take a minute, as
shown in the following screenshot:

@ Code File Edit Selection View Go Debug Tasks Window Help
N N Welcome — Chapter01

EXPLORER Welcome x

4 OPEN EDITORS
Welcome Start Customize
4 CHAPTERO1

> .vscode Tools and languages
4 HelloCS Install support for
> bin

b obj
9] Install keyboard shortcuts

3 HelloCS.csproj Install the keyboard shortcuts of

MyApp.cs

4 WelcomeDotNetCore /COd;;gZii/Chapterm
-~ 9

~/Code/Part3

> .vscode Color theme

> bin
b obj

Make the editor and vour ende Inok the wav vo

TERMINAL 1: bash d 0+ @ A x

Program.cs
R e . Marks-MBP-13:Repos markjprice$ git clone https://github.com/markjprice/cs7dotnetcore2.git
3 WelcomeDotNetCore.csproj Cloning into 'cs7dotnetcore2'...
Wel DotNet M remote: Counting objects: 1127, done.
AT EE remote: Compressing objects: 100% (159/159), done.
= Chapter01.sin remote: Total 1127 (delta 45), reused 207 (delta 44), pack-reused 914
= Receiving objects: 100% (1127/1127), 55.73 MiB | 1.60 MiB/s, done.
= Chapter01.userprefs Resolving deltas: 100% (321/321), done.
Marks-MBP-13:Repos markjprice$ JI

For more information about source code version control with Visual
Studio Code, visit the following link:

https://code.visualstudio.com/Docs/editor/versioncontrol
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Practicing and exploring

Test your knowledge and understanding by answering some questions, get some hands-on
practice, and explore with deeper research into the topics covered in this chapter.

Exercise 1.1 — Test your knowledge

Answer the following questions:

1. Why can a programmer use different languages, for example C# and F#, to write
applications that run on .NET Core?

What do you type at the prompt to build and execute C# source code?

What is the Visual C# developer settings keyboard shortcut to save, compile, and
run an application without attaching the debugger?

What is the Visual Studio Code keyboard shortcut to view Integrated Terminal?
Is Visual Studio 2017 better than Visual Studio Code?

Is .NET Core better than .NET Framework?

How is .NET Native different from .NET Core?

What is NET Standard and why is it important?

What is the difference between Git and GitHub?

10. What is the name of the entry-point method of a .NET console application and
how should it be declared?

W N

0 X NSO

Exercise 1.2 — Practice C# anywhere

You do not need Visual Studio 2017, Visual Studio for Mac, or Visual Studio Code to
practice writing C#.

Go to one of the following websites and start coding:

o NET Fiddle: https://dotnetfiddle.net/
e Cloud9: nttps://c9.io/web/sign-up/free
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Exercise 1.3 — Explore topics

Use the following links to read more details about the topics covered in this chapter:

e Welcome to .NET Core: http://dotnet.github.io

¢ NET Core Command Line Interface (CLI) tool:
https://github.com/dotnet/cli

¢ NET Core runtime, CoreCLR: https://github.com/dotnet/coreclr/

¢ .NET Core Roadmap:
https://github.com/dotnet/core/blob/master/roadmap.md

e NET Standard FAQ:
https://github.com/dotnet/standard/blob/master/docs/fag.md

¢ Visual Studio Documentation:
https://docs.microsoft.com/en-us/visualstudio/

e Visual Studio Blog: https://blogs.msdn.microsoft.com/visualstudio/

¢ Git and Team Services:
https://www.visualstudio.com/en-us/docs/git/overview

¢ The easiest way to connect to your GitHub repositories in Visual Studio:
https://visualstudio.github.com/

Summary

In this chapter, we set up the development environment, used Windows' Command Prompt
and macOS's Terminal to compile and run a console application, used Visual Studio 2017,
Visual Studio for Mac, and Visual Studio Code to create a similar application, and discussed
the differences between .NET Framework, .NET Core, .NET Standard, and .NET Native.

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

[61]


http://dotnet.github.io
https://github.com/dotnet/cli
https://github.com/dotnet/coreclr/
https://github.com/dotnet/core/blob/master/roadmap.md
https://github.com/dotnet/standard/blob/master/docs/faq.md
https://docs.microsoft.com/en-us/visualstudio/
https://blogs.msdn.microsoft.com/visualstudio/
https://www.visualstudio.com/en-us/docs/git/overview
https://visualstudio.github.com/

C# 7.1

This part of the book is about the C# language—the grammar and vocabulary that you will
use every day to write the source code for your applications.

Programming languages have many similarities to human languages, except that in
programming languages, we can make up our own words, just like Dr. Seuss!

In a book written by Dr. Seuss in 1950, If I Ran the Zoo, he states this:

And then, just to show them, I'll sail to Ka-Troo And Bring Back an It-Kutch a Preep and
a Proo A Nerkle, a Nerd and a Seersucker, too!

This book covers C# 7.1. Microsoft has plans for future versions of C#, as shown in the
following table:

Version | Features

C#7.2 |ref readonly, blittable, strongname, interior pointer, nontrailing named arguments,
private protected, Digit separator after base specifier

C#7.3 |Range with double-dot operator, for example, 1. .10

C#8.0 |Default interface methods, nullable reference types

You can learn more at this link:
https://github.com/dotnet/roslyn/blob/master/docs/Language%20Feature%20Status.
md
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C#7.1

Just as we were going to press for the third edition, Microsoft released C#
7.2. Look out for a blog article about the improvements in C# 7.2 on Packt's
website at the following link:
https://www.packtpub.com/books/content/exploring—language—
improvements—-c-72-and-73

I will update this blog with the details of the improvements in C# 7.3, once
it is released.

To learn C#, you will need to create some simple applications. To avoid overloading you
with too much information too soon, the chapters in the first part of this book will use the
simplest type of application: a console application.

In the following chapters, you will learn these topics:

2.
3.

5L

The grammar and vocabulary of C#.
The branching and looping statements of C#, and how to convert between C#

types.
How to reuse code with C# functions, and how to debug and test C# code.

How to use object-oriented features of C#.
How to use advanced object-oriented features of C#.
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Speaking C#

This chapter is about the basics of the C# programming language. You will learn how to
write statements using the grammar of C#, some of the common vocabulary that you will
use every day, how to temporarily store information in your computer's memory, and how
to perform simple operations on that information.

This chapter covers the following topics:

¢ Understanding C# basics

e Declaring variables

¢ Building console applications
¢ Operating on variables

Understanding C# basics

Let's start by looking at the basics of the grammar and vocabulary of C#. In this chapter, you
will create multiple console applications, each showing a feature of the C# language.

Each console application requires a project. Often developers want to open multiple projects
at the same time. You can do this by adding projects to a solution.

To manage these projects with Visual Studio 2017, we will put them all in a single solution.
Visual Studio 2017 can only have one solution open at any one time, but each solution can
group together multiple projects. A project can build a console application, a Windows
desktop application, a web application, and dozens of others.
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To manage these projects with Visual Studio Code, which does not support solutions, we
will manually create a container folder named Chapter02. If you would like to use Visual
Studio Code, skip to the section titled Using Visual Studio Code on macOS, Linux, or Windows.

Using Visual Studio 2017

Start Microsoft Visual Studio 2017. In Visual Studio, press Ctrl + Shift + N or navigate to File
| New | Project....

In the New Project dialog, in the Installed list, expand Other Project Types and select
Visual Studio Solutions. In the list at the center, select Blank Solution, type the name
Chapter02, change the location to C: \Code, and then click on OK, as shown in the
following screenshot:

New Project ? X
b Recent |4NET Framework 4.7.1 v| Sort by: | Default v| & Search (Ctrl+E) P ~
4 |nstalled -y . )
Il Blank Solution Visual Studio Solutions Type: Visual Studio Solutions
D Visual C# Create an empty solution containing no
P Azure Data Lake projects

P Azure Stream Analytics
I Other Languages
4 Other Project Types

Visual Studio Solutions

P Online

Not finding what you are looking for?

Open Visual Studio Installer

Name: Chapter02
Location: | C\Code - | Browse...
Solution name: Chapter02 Create directory for solution

l:‘ Create new Git repository
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If you were to run File Explorer, you would see that Visual Studio has created a folder
named Chapter02 with a Visual Studio solution named Chapter02 inside it, as shown in
the following screenshot:

M < | Chapter02 - a X
Home Share View v @
« v » This PC » Local Disk (C) » Code » Chapter02 v O  Search Chapter02 p
£ Local Disk (C:) . Name Date modified Type Size
Code = ) ) )
14 Chapter02.sln 3/11/2017 11:48 AM Visual Studio Solution 1KB
ChapterQ1
Chapter02
PerfLogs .
1item 1 item selected 281 bytes ~

In Visual Studio, navigate to File | Add | New Project..., as shown in the following
screenshot. This will add a new project to the blank solution:

ﬂ Chapter02 - Microsoft Visual Studio X & | Quick Launch (Ctrl+Q) P = O X
File | Edit View Project Debug Team Datalake Tools Test Analyze Window Help Mark Price ™
New 4 P Attach... ¥ | 57 -

Open >

N Solution Explorer v 1 X
@  Start Page

=" I CR- N A

Search Solution Explorer (Ctrl+;)

Add to Source Control

p'

Add b New Project...

Solution 'Chapter02' (0 projects)

Close New Web Site...
B3 Close Solution Existing Project...
B Save Chapter02sin Ctrl+S Existing Web Site...

Save Chapter02.sin As...
w¥  Save All Ctrl+Shift+S

Source Control 4
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In the Add New Project dialog, in the Installed list, expand Visual C#, and select .NET
Core. In the list at the center, select Console App (.NET Core), type the name Basics, and
then click on OK, as shown in the following screenshot:

Add New Project
P Recent

4 |Installed

4 Visual C#
Windows Universal
Windows Classic Desktop
D Web
.NET Core
.NET Standard
Cloud
Test
WCF
P Azure Data Lake

[N S S T

-
Not finding what you are looking for?

Open Visual Studio Installer

Name: Basics

? X

e
|.NET Framework 4.7.1

v| Sort by: | Default

!f Search (Ctrl+E) P~

Oﬁ Console App (NET Core) Visual C#
C#

Eé! Class Library (NET Core) Visual C#
C#

ﬁ Unit Test Project (NET Core) Visual C#
cH

ﬁ xUnit Test Project (NET Core) Visual C#

@ ASP.NET Core Web Application  Visual C#

Location: | C:\Code\Chapter02

Type: Visual C#

A project for creating a command-line
application that can run on .NET Core on
Windows, Linux and MacOS.

Browse...

Cancel

If you were to run File Explorer, you would see that Visual Studio has created a new folder
with some files and subfolders inside it. You don't need to know what all these do yet. The
code you will write will be stored in the file named Program. cs, as shown in the following

screenshot:

View

| M = | Basics
Home Share

~

v #.local Disk (C) * Name
Backup bin
v Code obj
Chapter01 o Basics.csproj
v Chapter02 o4 Program
v Basics
bin
obj
Data v
4 items

> > This PC » Local Disk (C:) > Code » Chapter02 > Basics »

Date modified Type Size

File folder
File folder

10/15/2017 10:54 AM
10/15/2017 10:54 AM
10/15/2017 10:54 AM
10/15/2017 10:54 AM

Visual C# Project File
CS File

v O Search Basics »p

1KB
1KB
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In Visual Studio, Solution Explorer shows the same files as the ones in the preceding
screenshot of the file system.

Some folders and files, for example, the bin folder, are hidden by default in Solution
Explorer. At the top of the window is a toolbar button named Show All Files. Toggle this
button to show and hide folders and files, as shown in the following screenshot:

Solution Explorer ¥ 1 X W Solution Explorer > 1 x
DE-|o-5 8B =] Q- o-s @ &=
Search Solution Explorer (Ctrl+;) P ~ |l search Solution Explorer (Ctrl+;) R~
% Solution 'Chapter02' (1 project) bl Solution "Chapter02’ (1 project)
I 4 Basics 4 Basics
P & Dependencies P & Dependencies
P C* Program.cs b bin
b obj

P C* Program.cs

Using Visual Studio Code on macOS, Linux, or
Windows

If you completed chapter 1, Hello, C#! Welcome, .NET Core!, then you will already have a
Code folder in your user folder. If not, create it, and then create a subfolder named
Chapter02 and a sub-subfolder named Basics, as shown in the following screenshot:

[ NON ] Basics
< e T ERERE = £+ 30 Q
= Applications > [ Chaptero1 » O
. I Applications (Parallels) 4 Chapter02 >
@ AirDrop PP &
Code 4
& iCloud Drive @] Downloads >
; — = >
/3 Applications Dropbox ©
Install 4
] Desktop Maps >
© Downloads - Maovies "
71 Music 4
(2} markjprice | OneDrive >
=] oneDrive Orders >
Parallels L4
:0: Dropbox & Macintosh HD > [ Users > % markjprice > Code » Chapter02 » Basics
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Start Visual Studio Code and open the /Chapter02/Basics/ folder.

In Visual Studio Code, navigate to View | Integrated Terminal, and enter the following
command:

dotnet new console

In the EXPLORER, click the Program. cs file, and then click on Yes to add the missing
required assets, as shown in the following screenshot:

@ Code File Edit Selection View Go Debug Tasks Window Help
P 0O Program.cs — Basics

@ EXPLORER Warn| Required assets to build and debug are missing from 'Basics'. Add them? Don't Ask Again  Not Now Yes

4 OPEN EDITORS sing System;
p 1) welcome 5
amespace aslcCs
Program.cs

? 4 BASICS 0 references
> bin class Program
b obj {
S Basics.csproj
Program.cs

0 references
st d Main(string[] args)

Console.WriteLine("Hello World!");

TERMINAL 1: bash

Running 'dotnet restore' on /Users/markjprice/Code/Chapter02/Basics/Basics.csproj...
Restoring packages for /Users/markjprice/Code/Chapter@2/Basics/Basics.csproj...
Generating MSBuild file /Users/markjprice/Code/Chapter02/Basics/obj/Basics.csproj.nuget.g.props.
Generating MSBuild file /Users/markjprice/Code/Chapter02/Basics/obj/Basics.csproj.nuget.g.targets.
Restore completed in 228.05 ms for /Users/markjprice/Code/Chapter@2/Basics/Basics.csproj.

Restore succeeded.

Marks-MBP-13:Basics markjprice$ []

Ln1,Col1 Spaces:4 UTF-8withBOM CRLF C# @& Basics QJ

C# grammar

The grammar of C# includes statements and blocks. To document your code, you use
comments.

[69]



Speaking C# Chapter 2

Statements

In English, we indicate the end of a sentence with a full stop. A sentence can be composed
of multiple words and phrases. The order of words is part of grammar. For example, in
English, we say: "the black cat." The adjective, black, comes before the noun, cat. French
grammar has a different order; the adjective comes after the noun, "le chat noir." The order
matters.

C# indicates the end of a statement with a semicolon. A statement can be composed of
multiple variables and expressions.

In the following statement, ful1Name is a variable and firstName + lastName isan
expression:
var fullName = firstName + lastName;

The expression is made up of an operand (£irstName), an operator (+), and another
operand (lastName). The order matters.

Comments

You can add comments to explain your code using a double slash / /.

The compiler ignores everything after the // until the end of the line; for example:

var totalPrice = cost + tax; // tax is 20% of the cost

In Windows, Visual Studio 2017 and Visual Studio Code will add or
remove the comment (double slashes) at the start of the currently selected
line(s) if you press Ctrl + K + C or Ctrl + K+ U. In macOS, Visual Studio
Code will do the same if you press Cmd instead of Ctrl.

To write a multiline comment, use /* at the beginning and */ at the end of the comment, as
shown in the following code:

/ *

This is a multi-line

comment .

*/
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Blocks

In English, we indicate a paragraph by starting a new line. C# indicates a block of code with
curly brackets { }.Blocks start with a declaration to indicate what it is defining. For
example, a block can define a namespace, a class, a method, or a statement. You will learn
what these are later.

In your current project, note the grammar of C# written for you by the Visual Studio
template or by the dotnet CLI tool.

In the following example, I have added some comments to describe the code:

using System; // a semicolon indicates the end of a statement

class Program

{
static void Main(string[] args)
{ // the start of a block
Console.WriteLine ("Hello World!"); // a statement

} // the end of a block

C# vocabulary

C# vocabulary is made up of keywords, symbols, and types.

Some of the 79 predefined, reserved keywords that you will see in this chapter include
using, namespace, class, static, int, string, double, bool, var, if, switch, break,

while, do, for, and foreach.

Visual Studio 2017 shows C# keywords in blue to make them easier to spot. In the following
screenshot, using, namespace, class, static, void, and string are part of the

vocabulary of C#:
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[<#] Basics < '%Basics.Program =4 &’9 Main(string[] args) =
1 using System; =5
2 -
3 —-Inamespace Basics 11
4 {
5 = class Program
6 {
7 -] static void Main(string[] args)
8 {
9 Console.WriteLine("Hello World!");
10 }
11 }
12 }
-
100% ~

The equivalent for Visual Studio Code is shown in the following screenshot:

@ Code File Edit Selection View Go Debug Tasks Window Help

Program.cs — Basics
EXPLORER Welcome Program.cs X

4 OPEN EDITORS sing System;

1] Welcome .
e Basics
X Program.cs

? 4 BASICS 0 references

b .vscode class Program
> bin {
a 0 references
> ob)

) atic Main(s [1 args)
3 Basics.csproj {

Program.cs Console.WriteLine("Hello World!");
}

Ln1,Col1 Spaces:4 UTF-8withBOM CRLF C# & Basics @

Both Visual Studio 2017 and Visual Studio Code allow you to customize
the color scheme. In Visual Studio 2017, navigate to Tools | Options |
Environment | Fonts and Colors. In Visual Studio Code, navigate to Code
| Preferences | Color Theme.

There are another 25 contextual keywords that only have a special meaning in a specific
context. However, that still means that there are only 104 actual C# keywords in the
language.

[72]



Speaking C# Chapter 2

English has more than 250,000 distinct words. How does C# get away with only having 104
keywords? Why is C# so difficult to learn if it has so few words?

One of the key differences between a human language and a programming language is that
developers need to be able to define new "words" with new meanings.

Apart from the 104 keywords in the C# language, this book will teach you about some of the
hundreds of thousands of "words" that other developers have defined. You will also learn
how to define your own "words."

Programmers all over the world must learn English because most
programming languages use English words such as namespace and
class. There are programming languages that use other human
languages, such as Arabic, but they are rare. This YouTube video shows a

demonstration of an Arabic programming language:
https://www.youtube.com/watch?v=77KAHPZUR8g

Help for writing correct code

Plain text editors such as Notepad don't help you write correct English, as shown in the
following screenshot:

“|Untitled - Notepad ~ — O X

File Edit Format View Help
do you like icecream?

Notepad won't help you write correct C# either:

_|Untitled - Notepad — O X

File Edit Format View Help
Console.Writeline("Hello C#!")

Microsoft Word helps you write English by highlighting spelling mistakes with red
squiggles (Microsoft Word says it should be ice-cream or ice cream) and grammatical errors
with blue squiggles (sentences should have an uppercase first letter):
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@ H S 0O- Document1 - Word ? - 0O X

FILE HO INSE DESI PAG REF MAI REVI VIE Mar...'_'i

dg you like icecream?

PAGE 1 OF 1 -— 1+ 100%

Similarly, Visual Studio 2017 and Visual Studio Code help you write C# code by
highlighting spelling mistakes (the method name should be WriteLine with an uppercase
L) and grammatical errors (statements must end with a semicolon).

Visual Studio 2017 constantly watches what you type and gives you feedback by
highlighting problems with colored squiggly lines under your code and showing the Error
List window (known as the PROBLEMS window in Visual Studio Code), as you can see in
the following screenshot:

Program.cs +® X
Basics 1% Basics.Program v ﬁ’g Main(string[] args)
using System;

—Inamespace Basics

{

= class Program
{
static void Main(string[] args)

{
Console.Writeline("Hello World!"™)

| Build + IntelliSense

€ cs1002 ; expected Basics Program.cs Active

€3 CS0117 'Console’ does not contain a definition for "Writeline' Basics Program.cs Active
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You can ask Visual Studio 2017 to do a complete check of all the projects in
a solution by going to Build | Build Solution or pressing F6. For Visual

Studio Code, enter the following command in Integrated Terminal:
dotnet build

Visual Studio Code has a similar PROBLEMS window, as shown in the following
screenshot:

@ Code File Edit Selection View Go Debug Tasks Window Help

(N N J Program.cs — Basics
EXPLORER J Welcome Program.cs X

4 OPEN EDITORS using System;
Welcome .
namespace Basics
Program.cs
4 BAsICS 0 references
> .vscode class Program
> bin

® > obj

\ Basics.csproj

oid Main(string[] args)

Program.cs v Console.Writeline[["Hello World!")

PROBLEMS

4 Program.cs 2
@ 'Console' does not contain a definition for 'Writeline' [Basics] (9, 21)
@ ; expected [Basics] (9, 46)

Ln9, Col 46 Spaces:4 UTF-8 withBOM CRLF C# & Basics @

Verbs are methods

In English, verbs are doing or action words. In C#, doing or action words are called
methods. There are literally hundreds of thousands of methods available to C#.

In English, verbs change how they are written based on when in time the action happens.
For example, Amir was jumping in the past, Beth jumps in the present, they jumped in the
past, and Charlie will jump in the future.
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In C#, methods such as WriteLine change how they are called or executed based on the
specifics of the action. This is called overloading, which we will cover in more detail in
Chapter 5, Building Your Own Types with Object-Oriented Programming. Consider the
following example:

// outputs a carriage-return

Console.WriteLine();

// outputs the greeting and a carriage-return
Console.WriteLine ("Hello Ahmed");

// outputs a formatted number and date and a carriage-return
Console.WriteLine ("Temperature on {0:D} is {1}°C.",
DateTime.Today, 23.4);

A different analogy is that some words are spelled the same, but have different meanings
depending on the context.

Nouns are types, fields, and variables

In English, nouns are names that refer to things. For example, Fido is the name of a dog. The
word "dog" tells us the type of thing that Fido is. To order Fido to fetch a ball, we would use
his name.

In C#, their equivalents are types, fields, and variables. For example, Animal and Car are
types, that is, nouns for categorizing things. Head and Engine are fields, that is, nouns that
belong to Animal and Car. Fido and Bob are variables, that is, nouns for referring to a
specific thing.

There are tens of thousands of types available to C#. Note that I don't say, "There are tens of
thousands of types in C#."

The difference is subtle but important. C# (the language) only has a few keywords for types,
such as string and int. Strictly speaking, C# doesn't define any types. Keywords such as
string that look like types are aliases. Those aliases represent types provided by the
platform on which C# runs.

C# cannot exist alone. It is a language that runs on variants of .NET. In theory, someone
could write a compiler for C# that uses a different platform, with different underlying
types. In practice, the platform for C# is one of the NET platforms. It is .NET that provides
the tens of thousands of types to C#. Those types include System. Int 32, which the C#
keyword alias int maps to, as well as much more complex types, such as
System.Xml.Ling.XDocument.
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Note that the term type is often confused with class. Have you ever played the parlor
game, Twenty Questions, also known as Animal, Vegetable, or Mineral? In the game, every
thing can be categorized as an animal, vegetable, or mineral. In C#, every type can be
categorized as a class, struct, enum, interface, or delegate. The C# keyword string
isa class, but int isa struct. So, it is best to use the term type to include both.

Revealing the extent of the C# vocabulary

We know that there are 104 keywords in C#, but how many types are there? Let's write
some code to find out how many types (and their methods) are available to C# in our
simple console application.

Don't worry about how this code works for now; it uses a technique called reflection.

Start by adding the following statements at the top of the Program. cs file:

using System.Ling;
using System.Reflection;

Inside the Main method, delete the statement that writes Hello World!, and replace it
with the following code:

// loop through the assemblies that this application references
foreach (var r in Assembly.GetEntryAssembly ()
.GetReferencedAssemblies ())

// load the assembly so we can read its details
var a = Assembly.Load(new AssemblyName (r.FullName)) ;
// declare a variable to count the total number of methods
int methodCount = 0;
// loop through all the types in the assembly
foreach (var t in a.DefinedTypes)
{
// add up the counts of methods
methodCount += t.GetMethods () .Count ();
}
// output the count of types and their methods
Console.WritelLine ($"{a.DefinedTypes.Count () :NO} types " +
$"with {methodCount:NO} methods in {r.Name} assembly.");

[77 ]



Speaking C# Chapter 2

Building and running with Visual Studio 2017

Press Ctrl + F5 to save, compile, and run your application without the debugger attached, or
click on the Debug menu and then on Start Without Debugging.

You will see the following output that shows the actual number of types and methods that
are available to you in the simplest application when running on Windows:

25 types with 290 methods in System.Runtime assembly.
95 types with 1,029 methods in System.Ling assembly.
43 types with 652 methods in System.Console assembly.

Building and running with Visual Studio Code

At Integrated Terminal, enter the following command:
dotnet run

You will see the following output that shows the actual number of types and methods that
are available to you in the simplest application when running on macOS:

25 types with 290 methods in System.Runtime assembly.
95 types with 1,029 methods in System.Ling assembly.
53 types with 691 methods in System.Console assembly.

The numbers of types and methods displayed may be different depending
0 on the platform that you are using. For example, although the

System.Runtime and System.Ling assemblies have the same number of
types and methods on Windows and macOS, System. Console on macOS
has 10 more types and 39 more methods.

Adding more types with Visual Studio 2017 and Visual
Studio Code

Add the following statements at the top of the Main method. By declaring variables that use
types in other assemblies, those assemblies are loaded with our application. This allows our
code to see all the types and methods in them:

static void Main(string[] args)
{
System.Data.DataSet ds;
System.Net .Http.HttpClient client;
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Visual Studio 2017 Error List and Visual Studio Code PROBLEMS will
show warnings about variables that are declared but never used. You can
safely ignore these warnings.

In Visual Studio 2017, press Ctrl + F5.
In Visual Studio Code, enter dotnet run in Integrated Terminal.

View your output, which should look similar to the following output on Windows:

25 types with 290 methods in System.Runtime assembly.

349 types with 6,327 methods in System.Data.Common assembly.
169 types with 1,882 methods in System.Net.Http assembly.

95 types with 1,029 methods in System.Ling assembly.

43 types with 652 methods in System.Console assembly.

Now, you have a better sense of why learning C# is a challenge. There are many types, with
many methods to learn, and methods are only one category of member that a type can have,
and other programmers are constantly defining new members!

Declaring variables

All applications process data. Data comes in, data is processed, and data goes out.

Data usually comes into our program from files, databases, or user input. Data can be put
temporarily in variables that will be stored in the memory of the running program. When
the program ends, the data in memory is lost. Data is usually output to files and databases,
or to the screen or a printer.

When using variables, you should think about, first, how much space it takes in memory,
and, second, how fast it can be processed.

We control this by picking an appropriate type. You can think of simple common types
such as int and double as being different sized storage boxes. A smaller box would take
less memory, but may not be as fast at being processed. Some of these boxes may be stacked
close by, and some may be thrown into a big heap further away.
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Naming variables

There are naming conventions for variables, and it is good practice to follow them, as
shown in the following table:

Naming convention | Examples Use for

cost, orderDetail, dateOfBirth |Local variables and private
members.

Camel case

Pascal (aka title) case | Cost, OrderDetail, DateOfBirth | Type names and non-private
members.

Good Practice
Following a consistent set of naming conventions will enable your code to

be easily understood by other developers (and yourself in the future!).

Naming Guidelines:
https://msdn.microsoft.com/en-us/library/ms229002 (v=vs.110) .aspx

The following code block shows an example of declaring and initializing a local variable by
assigning a value to it. Note that you can output the name of a variable using a keyword

introduced in C# 6, that is, nameof:

// let the heightInMetres variable become equal to the value 1.88

double heightInMetres = 1.88;
Console.WriteLine ($"The variable {nameof (heightInMetres)} has the

value {heightInMetres}.");

The message in double quotes in the preceding code wraps onto a second
line because the width of a printed page is too narrow. When entering a
statement like this in your code editor, type it all in a single line.

Literal values

When you assign to a variable, you often, but not always, assign a literal value. A literal is a
notation that represents a fixed value. Data types have different notations for their literal
values. In the next few sections, you will see examples of using literal notation to assign

values to variables.
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Storing text

For text, a single letter, such as 2, is stored as a char type and is assigned using single
quotes around the literal value, or the return value of a function call:

char letter = 'A';

char digit = '1';

char symbol = 'S$';

char userChoice = GetCharacterFromUser () ;

For text, multiple letters, such as Bob, are stored as a string type and are assigned using
double quotes around the literal value, or the return value of a function call:

string firstName = "Bob";
string lastName = "Smith";
string phoneNumber = " (215) 555-4256";

string address = GetAddressFromDatabase (id: 563);

Storing numbers

Numbers are data that we want to perform an arithmetic calculation on, for example,
multiplying.

A telephone number is not a number. To decide whether a variable should
be stored as a number or not, ask yourself whether you need to multiply
two telephone numbers together or whether the number includes special
characters such as (414) 555-1234. In these cases, the number is a sequence
of characters, so it should be stored as a string.

Numbers can be natural numbers, such as 42, used for counting (also called whole
numbers); they can also be negative numbers, such as -42 (called integers); or, they can be
real numbers, such as 3.9 (with a fractional part), which are called single or double-
precision floating point numbers in computing:

uint naturalNumber = 23; // unsigned integer means positive whole number
int integerNumber = -23; // integer means negative or positive whole number
double realNumber = 2.3; // double means double-precision floating point

You might know that computers store everything as bits. A bit is either 0 or 1. This is called
a binary number system. Humans use a decimal number system.
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The decimal number system has ten as its base. Although it is the number
base most commonly used by human civilizations, other number-base
systems are popular in science, engineering, and computing.

Storing whole numbers

The following table shows how computers store the number 10. Note the 1 bits in the 8 and
the 2 columns; 8 + 2 =10:

128|164 (32|16 |8|4|2(1
0 |0 (0|0 [1{0f1]O0
So, 10 in decimal is 00001010 in binary.

C# 7 improvements

Two of the improvements in C# 7 are the use of the underscore character (_) as a digit
separator and support for binary literals.

You can insert underscores anywhere into the digits of a number literal, including decimal,
binary, or hexadecimal notation, to improve legibility. For example, you could write the
value for one million in decimal notation (Base 10) as: 1_000_000.

To use binary notation (Base 2), using only 1s and 0s, start the number literal with 0b. To
use hexadecimal notation (Base 16), using 0 to 9 and A to F, start the number literal with 0x,
as shown in the following code:

int decimalNotation = 2_000_000; // 2 million

int binaryNotation = 0b0001_1110_1000_0100_1000_0000; // 2 million

int hexadecimalNotation = O0x001E_8480; // 2 million

Console.WritelLine ($"{decimalNotation == binaryNotation}"); // => true
Console.WriteLine ($"{decimalNotation == hexadecimalNotation}"); // => true

Computers can always exactly represent integers (positive and negative whole numbers)
using the int type or one of its sibling types such as short.

Storing real numbers

Computers cannot always exactly represent floating point numbers. The f1loat and double
types store real numbers using single and double precision floating points.
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The following table shows how a computer stores the number 12.75. Note the 1 bits in the 8,
4,15, and Y% columns.

8+4+ Yo+ Ya=12%=12.75.

128 (64 (32(16(8(4(2|1|.|2|%]|1/8]|1/16
0 (0 (0 O |1]1]0]0).{1 {1 (O |O
So, 12.75 in decimal is 00001100.1100 in binary.

As you can see, the number 12.75 can be exactly represented using bits. However, some
numbers can't, as you will see shortly.

Using Visual Studio 2017

In Visual Studio 2017, go to File | Add | New Project.... In the Add New Project dialog, in
Installed list, select Visual C#. In the list at the center, select Console App (.NET Core),
type the name Numbers, and then click on OK.

In Solution Explorer, right-click on the solution and select Properties or press Alt + Enter.
For Startup Project, select Current selection. From now on, you can simply click on a
project in Solution Explorer and then press Ctrl + F5 to save, compile, and run that project,
as shown in the following screenshot:

Solution 'Chapter02' Property Pages ? X
N/A N/A Configuration Manager...
4 Common Properties @ current selection|

Startup Project
Project Dependencies
Code Analysis Settings
Debug Source Files

> Configuration Properties

O single startup project

Basics

OMu\t\'p\e startup projects:

Project Action
Basics None
Numbers None
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Using Visual Studio Code

Create a new folder inside the Chapter02 folder named Numbers.

In Visual Studio Code, open the Numbers folder and use Integrated Terminal to create a
new console application using the dotnet new console command. When you open the
Program.cs file, you will be prompted to restore packages.

Writing code to explore numbers
Type the following code inside the Main method:

Console.WriteLine ($"int uses {sizeof (int)} bytes and can store
numbers in the range {int.MinValue:NO} to {int.MaxValue:NO}.");
Console.WritelLine ($"double uses {sizeof (double)} bytes and can
store numbers in the range {double.MinValue:NO} to
{double.MaxValue:NO}.");

Console.WritelLine ($"decimal uses {sizeof (decimal)} bytes and can
store numbers in the range {decimal.MinValue:NO} to

{decimal .MaxValue:NO}.");

Remember to enter the statements that use double-quotes in a single line.

Run the console application by pressing Ctrl + F5, or entering dotnet run, and view the
output:

int uses 4 bytes and can store numbers in the range -2,147,483,648 to
2,147,483,647.

double uses 8 bytes and can store numbers in the range -

179,769,313, 486,232,000,000,000,000,000,000,000,000,000,000,000,000,0
00,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,00
0,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000
,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000, 000,
000, 000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,0
00,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000 to
179,769,313, 486,232,000,000,000,000,000,000,000,000,000,000,000,000,0
00,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,00
0,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000
,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000, 000,
000, 000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,0
00,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000.
decimal uses 16 bytes and can store numbers in the range -
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79,228,162,514,264,337,593,543,950,335 to
79,228,162,514,264,337,593,543,950, 335.

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

Why might a double variable be able to store bigger numbers than a decimal variable, yet
use half the space in memory? Let's find out!

Comparing double and decimal types

Under the previous statements, enter the following code. Do not worry about
understanding the syntax right now, although it isn't too hard to follow:

double a = 0.1;
double b = 0.2;
if (a + b == 0.
{

3)

Console.WriteLine ($"{a} + {b} equals 0.3");
}

else
{

Console.WriteLine ($"{a} + {b} does NOT equal 0.3");
}

Run the console application and view the output:

0.1 + 0.2 does NOT equal 0.3

The double type is not guaranteed to be accurate. Only use double when accuracy,
especially when comparing two numbers, is not important; for example, when measuring a
person's height.

The problem with the preceding code is how the computer stores the number 0.1 or
multiples of 0.1. To represent 0.1 in binary, the computer stores 1 in the 1/16 column, 1 in
the 1/128 column, 1 in the 1/1024 column, and so on. The number 0.1 in decimal is
0.0001001001001 repeating forever:

412|1|.("2|"|1/8|1/16|1/32|1/64|1/128 |1/256 | 1/512 | 1/1024 | 1/2048
0(10(0|.{0 (0|0 |1 0 0 1 0 0 1 0
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Good Practice

Never compare double values using ==. During the First Gulf War, an
American Patriot missile battery used double values in its calculations.
The inaccuracy caused it to fail to track and intercept an incoming Iraqi

Scud missile, and 28 soldiers were killed; you can read about this at:
https://www.ima.umn.edu/~arnold/disasters/patriot.html

Copy and paste the code you wrote before that used double variables and then modify it to
look like the following code:

decimal ¢ = 0.1M; // M indicates a decimal literal value
decimal d = 0.2M;
if (¢ + d == 0.3M)

{
Console.WriteLine ($"{c} + {d} equals 0.3");
}

else

{
Console.WriteLine ($"{c} + {d} does NOT equal 0.3");
}

Run the console application and view the output:

0.1 + 0.2 equals 0.3

The decimal type is accurate because it stores the number as a large integer and shifts the
decimal point. For example, 0.1 is stored as 1, with a note to shift the decimal point one
place to the left. 12.75 is stored as 1275, with a note to shift the decimal point two places to
the left.

Good Practice

Use int for whole numbers and double for real numbers. Use decimal
for money, CAD drawings, general engineering, and wherever accuracy of
a real number is important.

The double type has some useful special values; double.NaN means not-
a-number, double.Epsilon is the smallest positive number that can be
stored in a double, and double.Infinity means an infinitely large
value. You can use these special values when comparing double values.
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Storing Booleans

Booleans can only contain one of the two values: t rue or false, as shown in the following
code. They are most commonly used to branch and loop, as you will see in Chapter 3,
Controlling the Flow and Converting Types:

bool happy = true;
bool sad = false;

The object type

There is a special type named object that can store any type of data, but its flexibility
comes at the cost of messier code and poor performance due to boxing and unboxing
operations when storing a value type. You should avoid it whenever possible.

From now on, I will assume that you know how to create a new console
application using either Visual Studio 2017 or Visual Studio Code, so I will
only give general instructions.

Add a new console application project named variables and add the following code to
the Main method:

object height = 1.88; // storing a double value in an object

object name = "Amir"; // storing a string value in an object
int lengthl = name.Length; // gives compile error!
int length2 = ((string)name) .Length; // cast to access members

The object type has been available since the first version of C#, but C# 2 and higher
versions have a better alternative called generics, which we will cover later, that provide
the flexibility we want without the performance overhead.

The dynamic type

There is another special type named dynamic that can also store any type of data, and like
object, its flexibility comes at the cost of performance. Unlike object, the value stored in
the variable can have its members invoked without an explicit cast, as shown in the
following code:
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// storing a string in a dynamic object

dynamic anotherName = "Ahmed";

// this compiles but might throw an exception at run-time!
int length = anotherName.Length;

The limitation of dynamic is that Visual Studio cannot show IntelliSense to help you write
the code because the compiler doesn't check at build time. Instead, the CLR checks for the
member at runtime. The dynamic keyword was introduced in C# 4.

Local variables

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

Strictly speaking, value types are released while reference types must wait
for a garbage collection. You will learn about the difference between value
types and reference types later.

Specifying the type of a local variable

Enter the following code to declare and assign values to some local variables inside the
Main method. Note that we specify the type before the name of each variable:

int population = 66_000_000; // 66 million in UK

double weight = 1.88; // in kilograms

decimal price 4.99M; // in pounds sterling

string fruit = "Apples"; // strings use double-quotes

char letter = 'Z'; // chars use single-quotes

bool happy = true; // Booleans have value of true or false

Visual Studio 2017 and Visual Studio Code will show green squiggles
under each of the variable names to warn you that the variable is assigned,
but its value is never used.
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Inferring the type of a local variable

You can use the var keyword to declare local variables. The compiler will infer the type
from the literal value you assign after the assignment (=) operator.

A literal number without a decimal point is inferred as an int variable unless you add the L
suffix, in which case, it infers a 1ong variable. A literal number with a decimal point is
inferred as double unless you add the M suffix, in which case, it infers a decimal variable,
or the F suffix, in which case, it infers a f1oat variable. Double quotes indicate a st ring
variable, single quotes indicate a char variable, and the t rue and false values infer a
bool type.

Modify your code to use var:

var population = 66_000_000; // 66 million in UK
var weight = 1.88; // in kilograms

var price = 4.99M; // in pounds sterling
var fruit = "Apples"; // strings use double-quotes
var letter = 'Z'; // chars use single-quotes

var happy = true; // Booleans have value of true or false

Good Practice

Although using var is convenient, some developers avoid using it, to
make it easier for a code reader to understand the types in use. Personally,
I use it only when the type is obvious. For example, in the following code
statements, the first statement is just as clear as the second in stating what
the type of the xm1 variable is, but it is shorter. However, the third
statement isn't clear, so the fourth is better. If in doubt, spell it out!

// good use of var

var xmll = new XmlDocument () ;
// unnecessarily verbose repeating XmlDocument
XmlDocument xml2 = new XmlDocument () ;

// bad use of var; what data type is filel?
var filel =

File.CreateText (@"C:\something.txt");
// good use of a specific type declaration
StreamWriter file2 =
File.CreateText (@"C:\something.txt");
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Making a value type nullable

Most of the primitive types except st ring are value types. This means they must have a
value. You can determine the default value of a type using the default () operator. The
default value of an int variable is 0 (zero):

Console.WritelLine ($"{default (int)}"™); // O
Console.WriteLine ($"{default (bool)}"); // False
Console.WriteLine ($"{default (DateTime)}"); // 1/01/0001 00:00:00

Strings are reference types. This means that they contain the memory address of a variable,
not the value of the variable itself. A reference type variable can have a null value. The
null value is a special literal value that indicates that the variable does not reference
anything (yet).

You will learn more about value types and reference types in chapter 6,
Implementing Interfaces and Inheriting Classes.

Sometimes, for example, when reading values stored in a database that allows null values,
it is convenient to allow a value type to be nul11l. We call this a nullable value type. You can
do this by adding a question mark as a suffix to the type when declaring a variable, as
shown in the following code:

int ICannotBeNull = 4;
int? ICouldBeNull = null;

Console.WriteLine (ICouldBeNull.GetValueOrDefault()); // O
ICouldBeNull = 4;
Console.WriteLine (ICouldBeNull.GetValueOrDefault()); // 4

Understanding nullable reference types

Arguably, the most significant change to the language that Microsoft plans for C# 8.0 is the
introduction of nullable reference types. "But wait!", you are probably thinking, "Reference
types are already nullable!" And you would be right, but in C# 8.0, references types will no
longer allow the null value by default. In C# 8.0, if you want a reference type to be assigned
the null value, then you will have to use the same syntax as making a value type nullable,
that is, add a 2 symbol after the type declaration.
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This will be a big change that affects all code built with the C# 8.0
compiler, so Microsoft needs lots of testing done before the release of C#
8.0, and as early as possible in the process. They have made a preview of
the feature available a year before the expected final release of C# 8.0. You
can learn about the preview and download it for testing at the following
link:
https://github.com/dotnet/csharplang/wiki/Nullable-Reference-
Types-Preview

The billion-dollar mistake

The use of the null value is so common, in so many languages, that many experienced
programmers never question the need for its existence. But there are many scenarios where
we could write better, simpler code, if a variable is not allowed to have a null value. You
can find out more at the following link where the inventor of null, Sir Charles Antony

Richard Hoare, admits his mistake in a recorded hour-long talk:
https://www.infog.com/presentations/Null-References-The-Billion-Dollar-Mistake-
Tony—-Hoare

Changing the defaults for nullable types in C# 8.0

Microsoft could decide to leave the default for reference types as allowing nulls for
compatibility with how it is today, and add new syntax to indicate that a reference type is
non-nullable. However, Microsoft is planning something more radical; a change that will
cause more pain initially, but will reorient C# better for the long term. This change will also
align reference and value types with the same defaults and behavior, making the syntax
simpler, and learning and using the language, easier.

So, how will nullable reference types work? Let's look at an example. When storing
information about an address, you might want to force a value for the street, city, and
region, but building can be left blank (that is, null), as shown in the following code:

class Address

{
string? Building; // can be null

string Street; // must have a value
string City; // must have a value
string Region; // must have a value
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So, this is why the new language feature is named nullable reference types. Starting with C#
8.0, unadorned reference types become non-nullable by default, and the same syntax is used
to make a reference type nullable, as is used for value types.

Checking for null

Checking whether a reference type or nullable value type variable currently contains null
is important because if you do not, a Nul1ReferenceException can be thrown, causing an
error in your code:

// check is myVariable is not null before using it
if (ICouldBeNull != null)

{
// do something with ICouldBeNull

}

If you are trying to get a field or property from a variable that might be nul1l, use the null
check operator (2 .), as shown in the following code:

string authorName = null;

// if authorName is null, instead of throwing an exception,
// null is returned

int? howManyLetters = authorName?.Length;

Sometimes you want to either assign a variable to a result, or use an alternative value, such
as zero, if the variable is null. You do this using the null-coalescing operator (??), as shown
in the following code:

// result will be three if howManyLetters is null
var result = howManyLetters ?? 3;
Console.WritelLine (result);

Storing multiple values in an array

When you need to store multiple values of the same type, you can declare an array. For
example, you might need to store four names in a string array.

The following code declares an array for storing four st ring values. Then, it stores the
string values at index positions 0 to 3 (arrays count from zero, so the last item is one less
than the length of the array). Finally, it loops through each item in the array using a for
statement that we will cover in more detail in chapter 3, Controlling the Flow and Converting
Types.
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Add the following lines of code to the end of the Main method:

// declaring the size of the array

string[] names = new stringl[4];

// storing items at index positions
names[0] = "Kate";

names[1] = "Jack";

names[2] = "Rebecca";

names[3] = "Tom";

for (int i = 0; 1 < names.Length; i++)

{

Console.WriteLine (names[i]); // read the item at this index

}

Arrays are always of a fixed size at the time of creation, so you need to
decide how many items you want to store before instantiating them. An
array variable can later be assigned to a new array of a different size.
Arrays are useful for temporarily storing multiple items, but collections
are more flexible when adding and removing items dynamically. We will
cover collections in chapter 8, Using Common .NET Standard Types.

Exploring console applications further

We have already created and used basic console applications, but now we should delve into
them more deeply.

Console applications are text-based and are run at Command Prompt. They typically
perform simple tasks that need to be scripted, such as compiling a file or encrypting a
section of a configuration file. They can have arguments passed to them to control their
behavior; for example, to encrypt the database connection strings section in a Web.config
file, use the following command line:

aspnet_regiis -pdf "connectionStrings" "c:\mywebsite"

Displaying output to the user

The two most common tasks that a console application performs are writing and reading
data. We have already been using the WriteLine method to output. If we didn't want a
carriage return at the end of the lines, we could have used the write method.
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C# 6 and later has a handy feature named string interpolation. This allows us to easily
output one or more variables in a nicely formatted manner. A string prefixed with $ can use
curly braces around the name of a variable to output the current value of that variable at
that position in the string.

In the Variables project, enter the following statements at the bottom of the Main method:

Console.WriteLine ($"The UK population is {population}.");
Console.Write ($"The UK population is {population:NO}. ");
Console.WritelLine ($"{weight}tkg of {fruit} costs {price:C}.");

Run the console application and view the output:

The UK population is 66000000.
The UK population is 66,000,000. 1.88kg of Apples costs £4.99.

A variable can be formatted using special pieces of code. NO means a number with commas
for thousands and no decimal places. C means currency. The currency format will be
determined by the current thread. If you run this code on a PC in the UK, you get pounds
sterling. If you run this code on a PC in Germany, you would get Euros.

Getting input from the user

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

Let's ask the user for their name and age. Later, we will convert the age into a number, but
we will leave it as a st ring type for now:

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

string firstName = Console.ReadLine();

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

string age = Console.ReadLine ();

Console.WritelLine ($"Hello {firstName}, you look good for {age}.");

Run the console application and view the output.
Enter name and age, as shown in the following output:
Type your name and press ENTER: Gary

Type your age and press ENTER: 34
Hello Gary, you look good for 34.
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Importing a namespace

You might have noticed that unlike our very first application, we have not been typing
System before Console.

System is a namespace. Namespaces are like an address for a type. To refer to someone
exactly, you might use Oxford.HighStreet. BobSmith, which tells us to look for a person named
Bob Smith on the High Street in the city of Oxford.

The System.Console.WriteLine line tells the compiler to look for a method named
WriteLine in a type named Console in a namespace named System.

To simplify our code, Visual Studio 2017, or the dotnet new console command when
using Visual Studio Code, added a statement at the top of the code file to tell the compiler
to always look in the System namespace for types that haven't been prefixed with their
namespace, as shown in the following code:

using System;

We call this importing the namespace. The effect of importing a namespace is that all
available types in that namespace will be available to your program and will be seen in
IntelliSense while you write code.

Simplifying the usage of the console

In C# 6 and later, the using statement can be used to further simplify our code.
Add the following line to the top of the file:
using static System.Console;

Now, we don't need to enter the Console type throughout our code. We can use Find and
Replace to remove it.

Select the first Console. line in your code (ensure that you select the dot after the word
Console).
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In Visual Studio 2017, press Ctrl + H to do a quick replace (ensure that the Replace... box is
empty), as shown in the following screenshot:

Program.cs* + X |{JeleTy ke Program.cs Program.cs v
[c#] Variables ~ | ", Variables.Program 19, Main(string(] args) <

// this only works with C# 6.0 or later
onso ?.Mrite($"The population of the UK is {population}. ");
50 WriteLine($"The population of the UK is {population:Ne}. "); Replace... ~
msole.WriteLine($"{weight}kg of {fruit} costs {price:C}. ");

=
A Console. X v > v X' ¥
P

ksl
2
e

]

Aa AH J* Current Document

// this works in all versions of C#

Console.Write("The population of the UK is {@}. ", population);
0le.WriteLine("The population of the UK is {@:N@}. ",
population);

onsole.WriteLine("{0} kilos of {@} costs {@:C}. ",
weight, fruit, price);

sole.Write("Type your name and press ENTER: ");

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

string age = Console.ReadlLine();
Console.WriteLine($"Hello {name}, you look good for {age}.");

In Visual Studio Code, choose Edit, and then Replace, as shown in the following
screenshot:

Program.cs %

Console,|
4

string[] names = string[4]; Replace

names [0] = "Kate"; Replace All (X_$8Enter)

names [1] "Jack";
names [2] = "Rebecca";
names [3] = "Tom";
for (int i = @; i < names.Length; i++)
{
Console.WriteLine(names [i]);

}

Console.Write($"The population of the UK is {population}. ");
Console.WriteLine($"The population of the UK is {population:No}. ");

In both Visual Studio 2017 and Visual Studio Code, click on the Replace All button or press
Alt + A or Alt + Cmd + Enter to replace all; click on OK, and then close the replace box by
clicking on the cross in its top-right corner.
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Reading arguments and working with arrays

You have probably been wondering what the string[] args argument is in the Main
method. It is an array used to pass arguments into a console application.

Add a new console application project named Arguments.

Imagine that we want to be able to enter the following command at Command Prompt:
Arguments apples bananas cherries

We would be able to read the fruit names by reading them from the args array thatis
always passed into the Main method of a console application.

Remember that arrays use the square bracket syntax to indicate multiple values. Arrays
have a property named Length that tells us how many items are currently in the array. If
there is at least one item, then we can access it by knowing its index. Indexes start counting
from zero, so the first item in an array is item 0.

Add a statement to statically import the System.Console type. Write a statement to output
the number of arguments passed to the application. Remove the unnecessary using
statements. Your code should now look like this:

using static System.Console;

namespace Arguments

{

class Program

{

static void Main(string[] args)

{

WriteLine ($"There are {args.Length} arguments.");

}

Remember to statically import the System.Console type in future
projects to simplify your code, as these instructions will not be repeated.

Run the console application and view the output:

There are 0 arguments.
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Passing arguments with Visual Studio 2017
In Solution Explorer, right-click on the Arguments project, and choose Properties.

In the Properties window, select the Debug tab, and in the Application arguments box,
enter a space-separated list of four arguments, as shown in the following code and

screenshot:

firstarg second-arg third:arg "fourth arg"

Arguments* # X Program.cs Program.cs Program.cs
Application N/A N/A
Build
Build Events
Package Profile: Arguments v New... | | Delete
Signing Launch: Project v
Resources
Application arguments: firstarg second-arg third:arg "fourth arg"
Working directory: A ] ecto
Environment variables: Name Value
Add
Remove

You can use almost any character in an argument, including hyphens and
colons. If you need to use a space inside an argument, you must wrap it in

double quotes.

Passing arguments with Visual Studio Code

Type arguments after the dotnet run command, as shown in the following example:

dotnet run firstarg second—-arg third:arg "fourth arg"

Viewing the output

Run the console application with passed arguments, and view the output:

There are 4 arguments.
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Enumerating arguments

To enumerate or iterate (that is, loop through) the values of those four arguments, add the
following lines of highlighted code after outputting the length of the array:

WriteLine ($"There are {args.Length} arguments.");
foreach (string arg in args)
{

Writeline (arg);

}

We will now use these arguments to allow the user to pick a color for the background,
foreground, width, and height of the console window.

Change the argument values to the following:

red yellow 50 10

Import the System namespace by adding the following line to the top of the code file if it is
not already there:

using System;

We need to import the System namespace so that the compiler knows
about the ConsoleColor and Enum types. If you cannot see either of these
types in the IntelliSense list, it is because you are missing the using
System; statement.

Add the highlighted code on top of the existing code like this:

ForegroundColor = (ConsoleColor)
Enum.Parse (typeof (ConsoleColor), args[0], true);
BackgroundColor = (ConsoleColor)

Enum.Parse (typeof (ConsoleColor), args[l], true);
WindowWidth = int.Parse(args[2]);
WindowHeight = int.Parse(args[3]);

WriteLine ($"There are {args.Length} arguments.");
foreach (var arg in args)
{

WriteLine (arg);

}
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Running on Windows

In Visual Studio 2017, press Ctrl + F5. The console window is now a different size and uses
different colors for the foreground and background text, as shown in the following
screenshot:

== C\WINDOWS\system...

There are 4 arguments.

Press any key to continue .

Running on macOS

In Visual Studio Code, enter the following command at the Terminal:

dotnet run red yellow 50 10
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You will see an error dialog, and details of the error in Terminal, as shown in the following
screenshot:

@ Code File Edit Selection View Go Debug Tasks Window Help
o000 Program.cs — Arguments
EXPLORER lJ Welcome Program.cs X

4 OPEN EDITORS sing System;
static dotnet quit unexpectedly.
p 1] Welcome u static System.Cons q P y.

P Click Reopen to open the application again. Click Report
rogram.cs lespace Arguments ° to see more detailed information and send a report to
? 4 ARGUMENTS Apple.

> .vscode 0 references
> bin class Program

@ > obj

S Arguments.csproj

Ignore Report... Reopen

0 references
S joid Main(string[] args)
Program.cs
ForegroundColor = (ConsoleColor)

Enum.Parse(t of (ConsoleColor), args[0], true);
BackgroundColor = (ConsoleColor)

Enum. Parse(t (ConsoleColor), args[i], true);
WindowWidth = int.Parse(args[2]);
WindowHeight = int.Parse(args[3]);

WriteLine($"There are {args.Length} arguments.");
foreach (string arg in args)
{

WriteLine(arg);

}

TERMINAL 1: bash

at System.ConsolePal.set_WindowWidth(Int32 value)

at System.Console.set_WindowWidth(Int32 value

at Arguments.Program.Main(String[] args) in /Users/markjprice/Code/Chapter@2/Arguments/Prog
am.cs:line 14
arks-MBP-13:Arguments markjprice$

Ln 20, Col 32 Spaces:4 UTF-8withBOM CRLF C# & Arguments @

Click on Ignore.

Although the compiler did not give an error or warning, at runtime some
API calls may fail on some platforms. Although a console application
running on Windows can change its size, on macOS it cannot.
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Handling platforms that do not support an API

We can solve this problem using an exception handler. You will learn more details about
the try...catch statement in Chapter 3, Controlling the Flow and Converting Types, so for
now, just enter the code.

Modify the code to wrap the lines that change the height and width in a try statement, as
shown in the following code:

try

{
WindowWidth = int.Parse(args([2]);
WindowHeight = int.Parse(args[3]);

}
catch (PlatformNotSupportedException)

{

WriteLine ("The current platform does not support changing the
size of a console window.");

}

If you rerun the console application, you will see the exception is caught and a friendly
message is shown to the user.

Operating on variables

Operators apply simple operations such as addition and multiplication to operands such as
numbers. They usually return a new value that is the result of the operation.

Most operators are binary, meaning that they work on two operands, as shown in the
following pseudocode:

var resultOfOperation = firstOperand operator secondOperand;
Some operators are unary, meaning they work on a single operand, as shown in the
following pseudocode:

var resultOfOperation = onlyOperand operator;
A ternary operator works on three operands, as shown in the following pseudocode:

var resultOfOperation =
firstOperand firstOperator secondOperand secondOperator thirdOperand;
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Experimenting with unary operators

Two common unary operators are used to increment ++ and decrement -- a number.
In Visual Studio 2017, navigate to View | Other Windows | C# Interactive.

In Visual Studio Code, create a new console application and write your
own statements to output the results using Console.WriteLine ().

Enter the following code:

> int i = 3;
> i
3

Note that when you enter a full statement ending in a semicolon, it is executed when you
press Enter.

The first statement uses the assignment operator = to assign the value 3 to the variable i.
When you enter a variable name at the prompt, it returns the variable's current value.

Enter the following statements, and before pressing Enter, try to guess what the value of x
and y will be:

3;
xX++;

> int x
> int y

Now check the values of x and y. You might be surprised to see that y has the value 3:

X

Y

WYV YV

The variable y has the value 3 because the ++ operator executes after the assignment. This is
known as postfix. If you need to increment before assignment, use prefix, as shown in the
following code:

> int x = 3;

> int y = ++x;
> x

4

>y

4
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You can decrement the value using the —- operator.

Good Practice

Due to the confusion between prefix and postfix for the increment and
decrement operators when combined with assignment, the Swift
programming language designers plan to drop support for this operator in
version 3. My recommendation for usage in C# is to never combine the use
of ++ and —- operators with an assignment =. Perform the operations as
separate statements.

Experimenting with arithmetic operators

Arithmetic operators allow you to perform arithmetic operations on numbers.

Enter the following in the C# Interactive window:

> 11 + 3
14

> 11 - 3

8

> 11 * 3
33

>11 / 3
3

> 11 % 3
2

>11.0 / 3
3.6666666666666665

To understand the divide (/) and modulus (%) operators when applied to integers (whole
numbers), you need to think back to primary school.

Imagine you have eleven sweets and three friends. How can you divide the sweets between
your friends? You can give three sweets to each of your friends and there will be two left
over. Those two are the modulus, also known as remainder. If you have twelve sweets, then
each friend gets four of them and there are none left over. So, the remainder is 0.

If you start with a real number, such as 11. 0, then the divide operator returns a floating
point value, such as 3.6666666666665, rather than a whole number.
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Comparison and Boolean operators

Comparison and Boolean operators either return t rue or false. In the next chapter, we
will use comparison operators in the i f and while statements to check for conditions, and
the ternary operator.

Practicing and exploring

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

Exercise 2.1 — Test your knowledge

What type would you choose for the following "numbers"?

A person's telephone number.
A person's height.

A person's age.

A person's salary.

A book's ISBN.

A book's price.

A book's shipping weight.

A country's population.

O 0 N

The number of stars in the Universe.

—_
o

The number of employees in each of the small or medium businesses in the UK
(up to about 50,000 employees per business).

Exercise 2.2 — Practice number sizes and ranges

Create a console application project named Exercise02 that outputs the number of bytes
in memory that each of the following number types use and the minimum and maximum
possible values they can have: sbyte, byte, short, ushort, int, uint, long, ulong,
float, double, and decimal.

[105 ]



Speaking C# Chapter 2

Read the online MSDN documentation, available at
https://msdn.microsoft.com/en-us/library/txafckwd (v=vs.110) .aspx

for Composite Formatting to learn how to align text in a console application.

The output of your application should look something like the following screenshot:

= CAWINDOWS\system32\cmd.exe

-2147483648 2147483647

e 4294967295

-9223372036854775868 9223372036854775887

e 184467446873709551615

-3.482823E+38 3.402823E+38
-1.79769313486232E+308 1.79769313486232E+308
-79228162514264337593543950335 79228162514264337593543950335

Exercise 2.3 — Explore topics

Use the following links to read more about the topics covered in this chapter:

e C# Keywords:
https://docs.microsoft.com/en-us/dotnet/csharp/language-reference/keyw
ords/index

¢ Main() and command-line arguments (C# Programming Guide):
https://docs.microsoft.com/en-us/dotnet/csharp/programming—-guide/main-
and-command—-args/

e Types (CH Programming Guide): https://docs.microsoft.com/en-us/dotnet/
csharp/programming-guide/types/

¢ Statements, Expressions, and Operators (C# Programming Guide): https://
docs.microsoft.com/en-us/dotnet/csharp/programming—guide/statements—
expressions-operators/
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. Strings (Ct Programming Guide): https://docs.microsoft.com/en-us/dotnet/
csharp/programming—guide/strings/

¢ Nullable Types (C# Programming Guide):

https://docs.microsoft.com/en-us/dotnet/csharp/programming-guide/nulla
ble-types/

¢ Console Class:
https://msdn.microsoft.com/en-us/library/system.console (v=vs.110) .aspx

o C# Operators: https://msdn.microsoft.com/en-us/library/6a71f45d.aspx

Summary

In this chapter, you learned how to declare variables with a specified or an inferred type;
we discussed some of the built-in types for numbers, text, and Booleans; we covered how to
choose between number types; and we experimented with some operators.

In the next chapter, you will learn about branching, looping, and converting between types.
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Controlling the Flow and
Converting Types

This chapter is about writing code that makes decisions, repeats blocks of statements,
converts between types, handling exceptions, and checking for overflows in number
variables.

This chapter covers the following topics:

e Selection statements
o Jteration statements

Casting and converting between types

Handling exceptions

Checking for overflow

Selection statements

Every application needs to be able to select from choices and branch along different code
paths. The two selection statements in C# are i f and switch. You can use if for all your
code, but switch can simplify your code in some common scenarios.

Using Visual Studio 2017

Start Microsoft Visual Studio 2017. In Visual Studio, press Ctrl + Shift + N or choose File |
New | Project....
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In the New Project dialog, in the Installed list, select Visual C#. In the list at the center,
select Console App (.NET Core), type the name SelectionStatements, change the
location to C: \Code, type the solution name Chapter03, and then click on OK.

Using Visual Studio Code on macOS, Linux, or
Windows

If you have completed the previous chapters, then you will already have a Code folder in
your user folder. If not, create it, and then create a subfolder named Chapter03, and then a
sub-subfolder named SelectionStatements.

Start Visual Studio Code and open the /Chapter03/SelectionStatements/ folder.

In Visual Studio Code, navigate to View | Integrated Terminal, and then enter the
following command:

dotnet new console

The if statement

The i f statement determines which branch to follow by evaluating a Boolean expression.
The else block is optional. The i f statement can be nested and combined. Each Boolean
expression can be independent of the others.

The code

Add the following statements inside the Main method to check whether this console
application has any arguments passed to it:

if (args.Length == 0)
{
WriteLine ("There are no arguments.");

}

else

{

WriteLine ("There is at least one argument.");

}
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As there is only a single statement inside each block, this code can be written without the
curly braces, as shown in the following code:

if (args.Length == 0)
WriteLine ("There are no arguments.");
else
WriteLine ("There is at least one argument.");

This style of the if statement is not recommended because it can introduce serious bugs, for
example, the infamous #gotofail bug in Apple's iPhone operating system. For 18 months
after Apple's iOS 6 was released, it had a bug in its Secure Sockets Layer (SSL) encryption
code, which meant that any user running Safari to connect to secure websites, such as their

bank, were not properly secure because an important check was being accidentally skipped:
https://gotofail.com/

Just because you can leave out the curly braces, doesn't mean you should. Your code is not
"more efficient" without them, instead, it is less maintainable and potentially more
dangerous, as this tweet points out:

g Chris Adamson
Had a colleague remove my {} surrounding a 1-line if clause today. No, not angry.
It's on his conscience now. #gotofail

Pattern matching with the if statement

A feature introduced with C# 7 is pattern matching. The i f statement can use the is
keyword in combination with declaring a local variable to make your code safer.

Add the following statements to the end of the Main method. If the value stored in the
variable named o is an int, then the value is assigned to the local variable named i, which
can then be used inside the if statement. This is safer than using the variable named o
because we know for sure that i is an int variable and not something else:

object o = "3";
int j = 4;

if(o is int 1)
{

WriteLine ($"{i} x {3j} = {1 * J}");
}

else
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{

WriteLine ("o is not an int so it cannot multiply!");

}

Run the console application and view the output:

o is not an int so it cannot multiply!

Delete the double-quote characters around the "3" value so that the value stored in the
variable named o is an int type instead of a st ring type and then rerun the console
application and view the output:

3 x4 =12

The switch statement

The switch statement is different from the i f statement because it compares a single
expression against a list of multiple possible cases. Every case is related to the single
expression. Every case must end with the break keyword (like case 1 in the following
code) or the goto case keywords (like case 2 in the following code), or they should have
no statements (like case 3 in the following code).

The code

Enter the following code after the if statements that you wrote previously. Note that the
first line is a label that can be jumped to and the second line generates a random number.
The switch statement branches based on the value of this random number:

A_label:
var number = (new Random()) .Next (1, 7);
WriteLine ($"My random number is {number}");
switch (number)
{
case 1:
WriteLine ("One");
break; // jumps to end of switch statement
case 2:
WriteLine ("Two");
goto case 1;
case 3:
case 4:
WriteLine ("Three or four");
goto case 1;
case 5:
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// go to sleep for half a second
System.Threading.Thread.Sleep (500);
goto A_label;
default:
WriteLine ("Default");
break;
} // end of switch statement

Good Practice

You can use the got o keyword to jump to another case or a label. The
goto keyword is frowned upon by most programmers but can be a good
solution to code logic in some scenarios. Use it sparingly.

In Visual Studio 2017, run the program by pressing Ctrl + F5.

In Visual Studio Code, run the program by entering the following command into Integrated
Terminal:

dotnet run

Run the program multiple times to see what happens in various cases of random numbers,
as shown in the following output from Visual Studio Code:

bash-3.2$ dotnet run
My random number is 4
Three or four

One

bash-3.2$ dotnet run
My random number is 2
Two

One

bash-3.2$ dotnet run
My random number is 1
One

Pattern matching with the switch statement

Like the if statement, the switch statement supports pattern matching in C# 7. The case
values no longer need to be literal values. They can be patterns.

Add the following statement to the top of the file:

using System.IO;
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Add the following statements to the end of the Main method:

If you are using macOS, then swap the commented statement that sets the
path variable and replace my username with your user folder name.

// string path = "/Users/markjprice/Code/Chapter03";
// macOS

string path = @"C:\Code\Chapter03"; // Windows
Stream s = File.Open /(
Path.Combine (path, "file.txt"),
FileMode.OpenOrCreate);

switch (s)
{

case FileStream writeableFile when s.CanWrite:

WriteLine ("The stream is to a file that I can write to.");
break;
case FileStream readOnlyFile:
WriteLine ("The stream is to a read-only file.");
break;
case MemoryStream ms:
WriteLine ("The stream is to a memory address.");
break;
default: // always evaluated last despite its current position
WriteLine ("The stream is some other type.");
break;

case null:

WriteLine ("The stream is null.");
break;

}
Note that the variable named s is declared as a Stream type.

You will learn more about the System. I0 namespace and the Stream
type in chapter 9, Working with Files, Streams, and Serialization. You can
read more about pattern matching at the following link:
https://docs.microsoft.com/en-us/dotnet/csharp/pattern-matching

In .NET, there are multiple subtypes of Stream, including FileStreamand
MemoryStream. In C# 7 and later, your code can more concisely both branch, based on the
subtype of stream, and declare and assign a local variable to safely use it.
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Also, note that the case statements can include a when keyword to perform more specific
pattern matching. In the first case statement in the preceding code, s would only be a
match if the stream was FileStreamand its CanWrite property was true.

Iteration statements

Iteration statements repeat a block either while a condition is true or for each item in a
group. The choice of which statement to use is based on a combination of ease of
understanding to solve the logic problem and personal preference.

Use either Visual Studio 2017 or Visual Studio Code to add a new console application
project named IterationStatements.

In Visual Studio 2017, you can set the solution's start up project to be the current selection
so that the current project runs when you press Ctrl + F5.

The while statement

The while statement evaluates a Boolean expression and continues to loop while it is true.

Type the following code inside the Main method:

int x = 0;
while (x < 10)
{
WriteLine (x);
X++;

}

Run the console application and view the output:

WooOoJdJoUd WNPFO
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The do statement

The do statement is like while, except the Boolean expression is checked at the bottom of
the block instead of the top, which means that it always executes at least once.

Type the following code at the end of the Main method and run it:

string password = string.Empty;
do
{
Write ("Enter your password: ");
password = ReadLine();
} while (password != "secret");
WriteLine ("Correct!");

You will be prompted to enter your password repeatedly until you enter it correctly, as
shown in the following output:

Enter your password: password
Enter your password: 12345678
Enter your password: ninja
Enter your password: asdfghjkl
Enter your password: secret
Correct!

As an optional exercise, add statements so that the user can only make ten attempts before
an error message is displayed.

The for statement

The for statement is like while, except that it is more succinct. It combines an initializer
statement that executes once at the start of the loop, a Boolean expression to check whether
the loop should continue, and an incrementer that executes at the bottom of the loop. The
for statement is commonly used with an integer counter, as shown in the following code:

for (int yv = 1; y <= 10; y++)
{

WriteLine (y);
}

Run the console application and view the output, which should be the numbers 1 to 10.
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The foreach statement

The foreach statement is a bit different from the other three iteration statements. It is used
to perform a block of statements on each item in a sequence, for example, an array or
collection. Each item is read-only, and if the sequence is modified during iteration, for
example, by adding or removing an item, then an exception will be thrown.

Type the following code inside the Main method, which creates an array of string variables
and then outputs the length of each of them:

string[] names = { "Adam", "Barry", "Charlie" };
foreach (string name in names)

{

WriteLine ($"{name} has {name.Length} characters.");

}

Run the console application and view the output:

Adam has 4 characters.
Barry has 5 characters.
Charlie has 7 characters.

Technically, the foreach statement will work on any type that implements an interface
called IEnumerable. An interface is a contract and you will learn more about them in
Chapter 6, Implementing Interfaces and Inheriting Classes.

The compiler turns the foreach statement in the preceding code into something like this:

IEnumerator e = names.GetEnumerator ();
while (e.MoveNext ())
{

string name = (string)e.Current; // Current is read-only!
WriteLine ($"{name} has {name.Length} characters.");

Due to the use of an iterator, the variable declared in a foreach statement
cannot be used to modify the value of the current item.
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Casting and converting between types

You will often need to convert between different types. For example, data input is often
done into a text field, so it is initially stored in a variable of the st ring type, but it then
needs to be converted into a date, or time, or number, or some other data type, depending
on how it should be stored and processed.

Casting has two varieties: implicit and explicit. Implicit casting happens automatically and
it is safe, meaning that you will not lose any information. Explicit casting must be
performed manually because it may lose information, for example, the accuracy of a
number. By explicitly casting, you are telling the C# compiler that you understand and
accept the risk.

Add a new console application project named CastingConverting.

Casting from numbers to numbers

Implicitly casting an int variable into a double variable is safe.

Casting numbers implicitly

In the Main method, enter the following statements:

int a = 10;
double b = a; // an int can be stored in a double
WriteLine (b);

You cannot implicitly cast a double variable into an int variable because it is potentially
unsafe and would lose data.

In the Main method, enter the following statements:

double ¢ = 9.8;
int d = ¢; // compiler gives an error for this line
WriteLine (d);
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In Visual Studio 2017, press Ctrl + W, E to view the Error List, as shown in the following
screenshot:

Y '| €3 1 Error | ! 0 Warnings | 0o Messages

* Code Description

€3 Cs0266 Cannot implicitly convert type 'double’ to 'int'. An explicit
conversion exists (are you missing a cast?)

In Visual Studio Code, either view the PROBLEMS window, or enter the dotnet run
command, which will give the following output:

Compiling Ch03_CastingConverting for .NETCoreApp,Version=vl.1l
/usr/local/share/dotnet/dotnet compile-csc
@/Users/markjprice/Code/Chapter03/Ch03_CastingConverting/obj/
Debug/netcoreappl.l/dotnet-compile.rsp returned Exit Code 1
/Users/markjprice/Code/Chapter03/Ch03_CastingConverting/Program.cs (14
,21) : error CS0266: Cannot implicitly convert type 'double' to 'int'.
An explicit conversion exists (are you missing a cast?)
Compilation failed.

0 Warning(s)

1 Error(s)
Time elapsed 00:00:01.0461813

Casting numbers explicitly

You must explicitly cast a double variable into an int variable using a pair of round
brackets around the type you want to cast the double type into. The pair of round brackets
is the cast operator. Even then, you must beware that the part after the decimal point will be
trimmed off without warning.

Modify the assignment statement for the d variable, as shown in the following code:
double ¢ = 9.8;

int d = (int)c;
WriteLine(d); // d is 9 losing the .8 part

Run the console application and view the output:

10
9
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We must perform a similar operation when moving values between larger integers and
smaller integers. Again, beware that you might lose information because any value too big
will get set to —1!

Enter the following code:
long e = 10;
int £ = (int)e;
WriteLine ($"e is {e} and f is {f}");
e = long.MaxValue;
f = (int)e;
WriteLine ($"e is {e} and f is {f}");

Run the console application and view the output:

e is 10 and £ is 10
e is 9223372036854775807 and £ is -1

Using the convert type
An alternative to using the casting operator is to use the System.Convert type.
At the top of the Program. cs file, type the following code:
using static System.Convert;
Add the following statements to the bottom of the Main method:
double g = 9.8;
int h = ToInt32(g);
WriteLine ($"g is {g} and h is {h}");
Run the console application and view the output:

g is 9.8 and h is 10

One difference between casting and converting is that converting rounds
the double value up to 10 instead of trimming the part after the decimal

point.
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The system.Convert type can convert to and from all the C# number types as well as
Booleans, strings, and date and time values.

Rounding numbers

You have now seen that the cast operator trims the decimal part of a real number and that
the convert methods round up or down. However, what is the rule for rounding?

In British primary schools, children are taught to round up if the decimal part is . 5 or
higher and round down if the decimal part is less.

Enter the following code:

double i = 9.49;

double j = 9.5;

double k = 10.49;

double 1 = 10.5;

WriteLine ($"1i is {i}, ToInt (i) is {ToInt32(i)}");
WriteLine ($"J is {j}, ToInt(j) is {ToInt32(3j)}");
WriteLine ($"k is {k}, ToInt (k) is {ToInt32(k)}");
WriteLine ($"1 is {1}, ToInt (l) is {ToInt32(1l)}");

Run the console application and view the output:

is 9.49, ToInt (i) is 9
is 9.5, ToInt(j) is 10
is 10.49, ToInt (k) is 10
is 10.5, ToInt(l) is 10

T T

Note that the rule for rounding in C# is subtly different. It will round up if the decimal part
is . 5 or higher and the nondecimal part is odd, but it will round down if the nondecimal
part is even. It always rounds down if the decimal part is less than . 5.

This rule is known as Banker's Rounding, and it is preferred because it reduces bias. Sadly,
other languages such as JavaScript use the primary school rule.

Good Practice
For every programming language that you use, check its rounding rules.
They may not work the way you expect!
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Converting from any type to a string

The most common conversion is from any type into a string variable, so all types have a
method named ToString that they inherit from the System.Object class.

The Tost ring method converts the current value of any variable into a textual
representation. Some types can't be sensibly represented as text so they return their
namespace and type name.

Add the following statements to the bottom of the Main method:

int number = 12;

WriteLine (number.ToString());
bool boolean = true;

WriteLine (boolean.ToString());
DateTime now = DateTime.Now;
WriteLine (now.ToString());
object me = new object();
WriteLine (me.ToString());

Run the console application and view the output:

12

True

27/01/2017 13:48:54
System.Object

Converting from a binary object to a string

When you have a binary object that you want to store or transmit, it is best not to send the
raw bits, because you never know how those bits could be misinterpreted, for example, by
the network protocol transmitting them or another operating system that is reading the
store binary object.

The safest thing to do is to convert the binary object into a string of safe characters.
Programmers call this Base64 encoding.

The Convert type has a pair of methods, ToBase64String and FromBase64String, that
perform this conversion for you.
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Add the following statements to the end of the Main method:

// allocate array of 128 bytes
byte[] binaryObject = new byte[128];

// populate array with random bytes
(new Random () ) .NextBytes (binaryObject) ;

WriteLine ("Binary Object as bytes:");
for (int index = 0; index < binaryObject.Length; index++)
{
Write ($"{binaryObject [index]:X} ");
}

WriteLine () ;

// convert to Base64 string
string encoded = Convert.ToBase64String(binaryObject);

WriteLine ($"Binary Object as Base64: {encoded}");

By default, an int value would output assuming decimal notation, that is,
basel0. You can use format codes such as index:X to format the value
using hexadecimal notation.

Run the console application and view the output:

Binary Object as bytes:

B3 4D 55 DE 2D E BB CF BE 4D E6 53 C3 C2 9B 67 3 45 F9 E5 20 61 7E 4F 7A 81
EC 49 FO 49 1D 8E D4 F7 DB 54 AF A0 81 5 B8 BE CE F8 36 90 7A D4 36 42 4 75
81 1B AB 51 CE 5 63 AC 22 72 DE 74 2F 57 7F CB E7 47 B7 62 C3 F4 2D 61 93
85 18 EA 6 17 12 AE 44 A8 D B8 4C 89 85 A9 3C D5 E2 46 EO 59 C9 DF 10 AF ED
EF 8AAl Bl 8D EE 4A BE 48 EC 79 A5 A 5F 2F 30 87 4A C7 7F 5D C1 D 26 EE
Binary Object as Base64:
s01V3i0Ou8++TeZTw8KbZwNF+eUgYX5PeoHsSfBJHY7U99tUr6CBBbi+zvg2kHrUNKIEdYEbglH
OBWOsInLedC9Xf8vnR7diw/QtYZOFGOoGFxKuRKgNuEyJhak81leJG4FnJ3xCv7e+KobGN7kg+SO
x5pQpfLzCHSsd/XcENJu4d=

Parsing from strings to numbers or dates and
times

The second most common conversion is from strings to numbers or date and time values.
The opposite of ToString is Parse. Only a few types have a Parse method, including all
the number types and DateTime.
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Add the following statements to the Main method:

int age = int.Parse("27");
DateTime birthday = DateTime.Parse ("4 July 1980");
WriteLine ($"I was born {age} years ago.");

WriteLine ($"My birthday is {birthday}.");
WriteLine ($"My birthday is {birthday:D}.");

Run the console application and view the output:

I was born 27 years ago.
My birthday is 04/07/1980 00:00:00.
My birthday is 04 July 1980.

By default, a date and time value outputs with the short date and time
format. You can use format codes such as D to output only the date part

using long date format. There are many other format codes for common
scenarios.

One problem with the Parse method is that it gives errors if the string cannot be converted.
Add the following statements to the bottom of the Main method:
int count = int.Parse("abc");

Run the console application and view the output:

Unhandled Exception: System.FormatException: Input string was not in
a correct format.

To avoid errors, you can use the TryParse method instead. TryParse attempts to convert
the input string and returns t rue if it can convert it and false if it cannot. The out
keyword is required to allow the TryParse method to set the count variable when the
conversion works.

Replace the int count declaration with the following statements:

Write ("How many eggs are there? ");
int count;
string input = Console.ReadLine () ;

if (int.TryParse (input, out count))
{
WriteLine ($"There are {count} eggs.");
}
else
{
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WriteLine ("I could not parse the input.");

}
Run the application twice. The first time, enter 12. You will see the following output:

How many eggs are there? 12
There are 12 eggs.

The second time, enter twelve. You will see the following output:

How many eggs are there? twelve
I could not parse the count.

You can also use the Convert type; however, like the Parse method, it
gives an error if it cannot convert.

Handling exceptions when converting types

You've seen several scenarios when errors have occurred when converting types. C# calls
this, an exception has been thrown.

Good practice is to avoid writing code that will throw an exception whenever possible,
perhaps by performing if statement checks, but sometimes you can't. In those scenarios,
you must catch the exception and handle it.

As you have seen, the default behavior of a console application is to display details about
the exception in the output and then stop running the application.

You can take control over how to handle exceptions using the t ry statement.

The try statement

Add a new console application project named HandlingExceptions.

When you know that a statement can cause an error, you should wrap that statement in a
try block. For example, parsing from a string to a number can cause an error. We do not
have to do anything inside the catch block. When the following code executes, the error
will get caught and will not be displayed, and the console application will continue
running.
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In the Main method, add the following statements:

WriteLine ("Before parsing");
Write ("What is your age? ");
string input = Console.ReadLine () ;
try
{
int age = int.Parse (input);
WriteLine ($"You are {age} years old.");

}

catch

{

}

WriteLine ("After parsing");

Run the console application and enter a valid age, for example, 43:

Before parsing

What is your age? 43
You are 43 years old.
After parsing

Run the console application again and enter an invalid age, for example, kermit;

Before parsing
What is your age? kermit
After parsing

The exception was caught, but it might be useful to see the type of error that occurred.

Catching all exceptions
Modify the catch statement to look like this:

catch (Exception ex)
{

WriteLine ($"{ex.GetType ()} says {ex.Message}");
}
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Run the console application and again enter an invalid age, for example, kermit:

Before parsing

What is your age? kermit

System.FormatException says Input string was not in a correct format.
After parsing

Catching specific exceptions

Now that we know which specific type of exception occurred, we can improve our code by
catching just that type of exception and customizing the message that we display to the
user.

Leave the existing catch block, but add the following code above it:

catch (FormatException)

{

Writeline ("The age you entered is not a valid number format.");

}

catch (Exception ex)

{
WriteLine ($"{ex.GetType ()} says {ex.Message}");

}
Run the program and again enter an invalid age, for example, kermit:

Before parsing

What is your age? kermit

The age you entered is not a valid number format.
After parsing

The reason we want to leave the more general catch below is because there might be other
types of exceptions that can occur. For example, run the program and enter a number that is
too big for an integer, for example, 9876543210:

Before parsing

What is your age? 9876543210

System.OverflowException says Value was either too large or too small for
an

Int32.

After parsing
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Let's add another catch for this new type of exception:

catch (OverflowException)

{

Writeline ("Your age is a valid number format but it is either too big or
small.");

}

catch (FormatException)

{

WriteLine ("The age you entered is not a valid number format.");

}
Rerun the program one more time and enter a number that is too big:

Before parsing

What is your age? 9876543210

Your age is a valid number format but it is either too big or small.
After parsing

The order in which you catch exceptions is important. The correct order is
related to the inheritance hierarchy of the exception types. You will learn
about inheritance in chapter 5, Building Your Own Types with Object-
Oriented Programming. However, don't worry too much about this—the
compiler will give you build errors if you get exceptions in the wrong
order anyway.

Checking for overflow

Earlier, we saw that when casting between number types, it was possible to lose
information, for example, when casting from a 1ong variable to an int variable. If the value
stored in a type is too big, it will overflow.

Add a new console application project named CheckingForOverflow.

The checked statement

The checked statement tells NET to throw an exception when an overflow happens
instead of allowing it to happen silently.

We set the initial value of an int variable to its maximum value minus one. Then, we
increment it several times, outputting its value each time. Note that once it gets above its
maximum value, it overflows to its minimum value and continues incrementing from there.
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Type the following code in the Main method and run the program:

int x = int.MaxValue - 1;
WriteLine (x);

X++;

WriteLine (x);

X++;

WriteLine (x);

X++;

WriteLine (x);

Run the console application and view the output:

2147483646
2147483647
-2147483648
-2147483647

Now, let's get the compiler to warn us about the overflow using the checked statement:

checked
{
int x = int.MaxValue - 1;
WriteLine (x);
xX++;
WriteLine (x);
xX++;
WriteLine (x);
xX++;

WriteLine (x);

}

Run the console application and view the output:

2147483646

2147483647

Unhandled Exception: System.OverflowException: Arithmetic operation
resulted in an overflow.

Just like any other exception, we should wrap these statements in a t ry block and display a
nicer error message for the user:

try
{

// previous code goes here

}

catch (OverflowException)

{
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WriteLine ("The code overflowed but I caught the exception.");

}
Run the console application and view the output:
2147483646

2147483647
The code overflowed but I caught the exception.

The unchecked statement

A related keyword is unchecked. This keyword switches off overflow checks within a
block of code.

Type the following statement at the end of the previous statements. The compiler will not
compile this statement because it knows it would overflow:

int y = int.MaxValue + 1;

Press F6 or enter the dotnet run command to build and notice the error, as shown in the
following screenshot from Visual Studio 2017:

int x = int MaxValue + 1;

100% ~

Y '| €3 1 Error | ! 0 Warnings | (i )0 Messages

# Code Description

€3 C50220 The operation overflows at compile time in checked mode

Note that this is a compile-time check. To disable compile-time checks, we can wrap the
statement in an unchecked block, as shown in the following code:

unchecked

{

int y = int.MaxValue + 1;

WriteLine(y); // this will output -2147483648
y——;

WriteLine(y); // this will output 2147483647
y——;

WriteLine(y); // this will output 2147483646
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Run the console application and view the output:

2147483646
2147483647
The code overflowed but I caught the exception.
-2147483648
2147483647
2147483646

Of course, it would be rare that you would want to explicitly switch off a check like this
because it allows an overflow to occur. But, perhaps, you can think of a scenario where you
might want that behavior.

Looking for help

This section is about how to find quality information about programming on the web.

Microsoft Docs and MSDN

The definitive resource for getting help with Microsoft developer tools and platforms used
to be Microsoft Developer Network (MSDN). Now, it is Microsoft Docs:

https://docs.microsoft.com/

Visual Studio 2017 is integrated with MSDN and Docs, so if you press F1 inside a C#
keyword or type, then it will open your browser and take you to the official documentation.

In Visual Studio Code, pressing F1 shows the Command Palette. It does
not support context sensitive help.

[130]


https://docs.microsoft.com/

Controlling the Flow and Converting Types Chapter 3

Go to definition

Another useful keystroke in both Visual Studio 2017 and Visual Studio Code is F12. This
will show what the public definition of the type looks like by reading the metadata in the
compiled assembly. Some tools will even reverse-engineer from the metadata and IL code
back into C# for you.

Enter the following code, click inside int, and then press F12 (or right-click and choose Go
To Definition):

int z;

In the new code window that appears, you can see that int is in the mscorlib.dll
assembly; it is named Int32; it is in the System namespace; and int is therefore an alias
for System. Int32, as shown in the following screenshot:

[=#] MetadataAsSourceProject ~ | == System.Int32 @
+|Assemb1y mscorlib, Version=4.9.0.0, Culture=neutral, PublicKeyToken:b77a5c561934e@8ﬂ

+using [:]

—-Inamespace System

{
+ [:]public struct Int32 : IComparable, IFormattable, IConvertible, IComparable<Int32>
{
* .. Jpublic const Int32 MaxValue = 2147483647;
+ ...Jpublic const Int32 MinValue = -2147483648;

>

Microsoft defined int using a st ruct keyword, meaning that int is a value type stored on
the stack. You can also see that int implements interfaces such as IComparable and has
constants for its maximum and minimum values.

In the code editor window, scroll down to find the Parse methods and in Visual Studio
2017, you will need to click on the small box with a plus symbol in them to expand the code
like I have done in the following screenshot:
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1/

// Summary:

!/ Converts the string representation of a number to its 32-bit signed integer equivalent.
1/

// Parameters:

!/ s:

// A string containing a number to convert.

//

// Returns:

// A 32-bit signed integer equivalent to the number contained in s.
//

// Exceptions:
//  T:System.ArgumentNullException:

// s is null.

1/

//  T:System.FormatException:

// s is not in the correct format.

!/

//  T:System.OverflowException:

// s represents a number less than System.Int32.MinValue or greater than System.Int32.MaxValue.

public static Int32 Parse(string s);

In the comment, you will see that Microsoft has documented what exceptions might occur if
you call this method (ArgumentNullException, FormatException, and
OverflowException).

Now, we know that we need to wrap a call to this method in a t ry statement and which
exceptions to catch.

Stack Overflow

Stack Overflow is the most popular third-party website for getting answers to difficult
programming questions. It is so popular that search engines such as DuckDuckGo have a
special way to write a query to search the site.

Go to buckbuckGo. com and enter the following query:

!'so securestring
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You will get the following results:

20

votes

7
answers

16

votes

7
answers

145

votes

8
answers

Q: Using SecureString

Can this be simplified to a one liner? Feel free to completely rewrite it as long as secureString gets
initialized properly. SecureString secureString = new SecureString (); foreach (char ¢ in
"fizzbuzz". ToCharArray()) { secureString.AppendChar (c); } ...

c# security securestring asked Mar 10 "10 by Todd Smith

Q: Convert String to SecureString
How to convert String to SecureString? ...

c#  securestring asked Oct 15 '09 by Nila

Q: When would | need a SecureString in .NET?

I'm trying to grok the purpose of .NET's SecureString. From MSDN: An instance of the System.String class
is both immutable and, when no longer needed, cannot be programmatically scheduled ... from computer
memory. A SecureString object is similar to a String object in that it has a text value. However, the value of
a SecureString object is automatically encrypted, can be modified ...

net security encryption asked Sep 26 '08 by Richard Morgan

Google

You can search Google with advanced search options to increase the likelihood of finding
what you need.

For example, if you are searching for information about garbage collection usinga
simple Google query, you will see a Wikipedia definition of garbage collection in computer
science, and then a list of garbage collection services in your local area, as shown in the
following screenshot:

[133 ]



Controlling the Flow and Converting Types

Chapter 3

garbage collection

Web Maps Images Videos Books

About 26,900,000 results (0.39 seconds)

Clear It Waste
clearitwaste.co.uk
5.0 % % % % % 55 Google reviews - Google+ page

junk clearance
plus.google.com
Google+ page

Best Clearance Ltd
bestclearance.co.uk
Google+ page

More ~ Search tools

Garbage collection (computer science) - Wikipedia, the free ...
https://fen.wikipedia.org/wiki/Garbage_collection_(computer_science) v

In computer science, garbage collection (GC) is a form of automatic memory
management. The garbage collector, or just collector, attempts to reclaim garbage, ...
Principles - Tracing garbage collectors - Reference counting - Escape analysis

A) 91 Michael Cliffe House
Skinner Street, London
020 8504 2380

B) Leathwaite Rd
London, battersea

¢) 35 Grafton Way
London
07737 639920

We can improve the search by restricting it to a useful site such as Stack Overflow, as

shown in the following screenshot:

garbage collection site:stackoverflow.com

Web Maps Images Videos Books

About 49,400 results (0.27 seconds)

More ~ Search tools

Newest 'garbage-collection' Questions - Stack Overflow
stackoverflow.com/questions/tagged/garbage-collection v

Garbage collection (GC) is a form of automatic memory management. It attempts to
reclaim garbage, or memory occupied by objects that are no longer in use by ...

Garbage Collection: Algorithms for Automatic Dynamic ...
rads.stackoverflow.com ... » Algorithms » Memory Management ~

Garbage Collection: Algorithms for Automatic Dynamic Memory Management
[Richard Jones, Rafael D Lins] on Amazon.com. *FREE* shipping on qualifying ...

c++ - Why garbage collection when RAll is available ...
stackoverflow.com/.../why-garbage-collection-when-raii-is-available ~

23 Jun 2013 - | hear talks of C++14 introducing a garbage collector in the C++ ...
Garbage collection and RAIl are useful in different contexts. The presence of ...
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We can improve the search even more by removing languages that we might not care about
such as C++, as shown in the following screenshot:

garbage collection site:stackoverflow.com -¢c++ -java

Web Maps Images Videos Books More v Search tools

About 19,100 results (0.30 seconds)

c# - Garbage Collection not happening even when needed ...
stackoverflow.com/.../garbage-collection-not-happening-even-when-nee... ~

4 Apr 2012 - As a sanity check, | have a button to force GC. When | push that, | quickly
get 6GB back. Doesn't that prove my 6 arrays were not being referenced and ...

How expensive is it to call the Garbage Collector manually?
stackoverflow.com/.../how-expensive-is-it-to-call-the-garbage-collector-... ~

4 Feb 2014 - Yes, there are some other drawbacks. Even if you call GC.Collect, you
can not ensure that objects that you believe are gone, are actually gone.

c# - Garbage collection of circular referenced object - Stack ...
stackoverflow.com/.../garbage-collection-of-circular-referenced-object v

16 May 2013 - The garbage collector looks through the active references, and
anything that isn't found from there can be collected. That way it doesn't matter that
the ...

Subscribing to blogs

To keep up to date with .NET, an excellent blog to subscribe to is the official .NET Blog
written by the NET engineering teams. This blog has a tag, Week in .NET, which is a
summary of interesting news that has happened in the world of .NET in the previous week
(https ://blogs.msdn.microsoft.com/dotnet /) .

Design patterns

A design pattern is a general solution to a common problem. Programmers have been
solving the same problems over and over. When the community discovers a good reusable
solution, we call it a design pattern. Many design patterns have been documented over the
years.
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Navigate to the following link to read about common design patterns:

https://en.wikipedia.org/wiki/Software_design_pattern#Classification_and_list

Microsoft has a group called patterns & practices that specializes in documenting and
promoting design patterns for Microsoft products.

Good Practice
Before writing new code, search to see if someone else has already solved
the problem in a general way.

Singleton pattern

One of the most common patterns is the Singleton pattern. Examples of Singleton in .NET
are the Console and Math types.

Read more about the Singleton pattern at:
0 https://en.wikipedia.org/wiki/Singleton_pattern

Practicing and exploring

Test your knowledge and understanding by answering some questions, get some hands-on
practice, and explore with deeper research into this chapter's topics.

Exercise 3.1 — Test your knowledge

Answer the following questions:

Where would you look for help about a C# keyword?

Where would you look for solutions to common programming problems?
What happens when you divide an int variable by 0?

What happens when you divide a double variable by 0?

AR

What happens when you overflow an int variable, that is, set it to a value
beyond its range?
6. What is the difference between x = y++; and x = ++y;?
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7. What is the difference between break, continue, and return when used inside
a loop statement?
8. What are the three parts of a for statement and which of them are required?
9. What is the difference between the = and == operators?
10. Does the following statement compile? for ( ; true; ) ;

Exercise 3.2 — Explore loops and overflow
What will happen if this code executes?

int max = 500;
for (byte 1 = 0; i < max; i++)
{

WriteLine (i) ;

}

Add a new console application in Chapter03 named Exercise02 and enter the preceding
code. Run the console application and view the output. What happens?

What code could you add (don't change any of the preceding code) to warn us about the
problem?

Exercise 3.3 — Practice loops and operators

FizzBuzz is a group word game for children to teach them about division. Players take
turns to count incrementally, replacing any number divisible by three with the word fizz,
any number divisible by five with the word buzz, and any number divisible by both with
fizzbuzz.

Some interviewers give applicants simple FizzBuzz-style problems to solve during
interviews. Most good programmers should be able to write out on paper or whiteboard a
program to output a simulated FizzBuzz game in under a couple of minutes.
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Want to know something worrisome? Many computer science graduates can't. You can
even find senior programmers who take more than 10-15 minutes to write a solution.

199 out of 200 applicants for every programming job can’t write code at all. I repeat: they
can't write any code whatsoever.”

— Reginald Braithwaite
This quote is taken from the following website:
http://blog.codinghorror.com/why-cant-programmers-program/
Refer to the following link for more information:

http://imranontech.com/2007/01/24/using-fizzbuzz-to-find-developers-who-grok-co
ding/

Create a console application in Chapter03 named Exercise03 that outputs a simulated
FizzBuzz game counting up to 100. The output should look something like this:

1, 2, Fizz, 4, Buzz, Fizz, 7, 8, Fizz, Buzz, 11, Fizz, 13, 14, FizzBuzz,

16, 17,

Fizz, 19, Buzz, Fizz, 22, 23, Fizz, Buzz, 26, Fizz, 28, 29, FizzBuzz, 31,
32,

Fizz, 34, Buzz, Fizz, 37, 38, Fizz, Buzz, 41, Fizz, 43, 44, FizzBuzz, 46,
47,

Fizz, 49, Buzz, Fizz, 52, 53, Fizz, Buzz, 56, Fizz, 58, 59, FizzBuzz, 61,
62,

Fizz, 64, Buzz, Fizz, 67, 68, Fizz, Buzz, 71, Fizz, 73, 74, FizzBuzz, 76,
17,

Fizz, 79, Buzz, Fizz, 82, 83, Fizz, Buzz, 86, Fizz, 88, 89, FizzBuzz, 91,
92,

Fizz, 94, Buzz, Fizz, 97, 98, Fizz, Buzz

Exercise 3.4 — Practice exception handling

Create a console application in Chapter03 named Exercise04 that asks the user for two
numbers in the range 0-255 and then divides the first number by the second:

Enter a number between 0 and 255: 100
Enter another number between 0 and 255: 8
100 divided by 8 is 12
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Write exception handlers to catch any thrown errors:

Enter a number between 0 and 255: apples
Enter another number between 0 and 255: bananas
FormatException: Input string was not in a correct format.

Exercise 3.5 — Explore topics

Use the following links to read in more detail about the topics covered in this chapter:

Selection Statements (C# Reference):
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-refer
ence/keywords/selection-statements

Iteration Statements (C# Reference):
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-refer
ence/keywords/iteration-statements

Jump Statements (C# Reference):
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-refer
ence/keywords/jump-statements

Casting and Type Conversions (C# Programming Guide):
https://docs.microsoft.com/en-us/dotnet/articles/csharp/programming—gu
ide/types/casting—and-type—-conversions

Exception Handling Statements (C# Reference):
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-refer
ence/keywords/exception-handling-statements

Stack Overflow: http://stackoverflow.com/

Google Advanced Search: http://www.google.com/advanced_search
Microsoft Virtual Academy: https://mva.microsoft.com/

Microsoft Channel 9: Developer Videos: https://channel9.msdn.com/

Design Patterns: https://msdn.microsoft.com/en-us/library/£f£649977.aspx

patterns & practices:
https://msdn.microsoft.com/en-us/library/££921345.aspx

Summary

In this chapter, you learned how to branch and loop, how to convert between types, how to
catch exceptions, and most importantly, how to find help.

You are now ready to learn how to track down bugs in your code and squash them!

[139]


https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-reference/keywords/selection-statements
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-reference/keywords/selection-statements
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-reference/keywords/iteration-statements
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-reference/keywords/iteration-statements
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-reference/keywords/jump-statements
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-reference/keywords/jump-statements
https://docs.microsoft.com/en-us/dotnet/articles/csharp/programming-guide/types/casting-and-type-conversions
https://docs.microsoft.com/en-us/dotnet/articles/csharp/programming-guide/types/casting-and-type-conversions
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-reference/keywords/exception-handling-statements
https://docs.microsoft.com/en-us/dotnet/articles/csharp/language-reference/keywords/exception-handling-statements
http://stackoverflow.com/
http://www.google.com/advanced_search
https://mva.microsoft.com/
https://mva.microsoft.com/
https://mva.microsoft.com/
https://mva.microsoft.com/
https://mva.microsoft.com/
https://mva.microsoft.com/
https://mva.microsoft.com/
https://mva.microsoft.com/
https://mva.microsoft.com/
https://mva.microsoft.com/
https://channel9.msdn.com/
https://channel9.msdn.com/
https://channel9.msdn.com/
https://channel9.msdn.com/
https://channel9.msdn.com/
https://channel9.msdn.com/
https://channel9.msdn.com/
https://channel9.msdn.com/
https://channel9.msdn.com/
https://channel9.msdn.com/
https://msdn.microsoft.com/en-us/library/ff649977.aspx
https://msdn.microsoft.com/en-us/library/ff921345.aspx

Writing, Debugging, and
Testing Functions

This chapter is about writing functions to reuse code, debugging logic errors during
development, logging exceptions during runtime, and unit testing your code to remove
bugs and ensure stability and reliability.

This chapter covers the following topics:

e Writing functions

¢ Debugging during development
¢ Logging during runtime

e Unit testing

Writing functions

A fundamental principle of programming is Don't Repeat Yourself (DRY).

While programming, if you find yourself writing the same statements over and over, then
turn those statements into a function. Functions are like tiny programs that complete one
small task. For example, you might write a function to calculate sales tax and then reuse
that function in many places in a financial application.

Like programs, functions usually have inputs and outputs. They are sometimes described as
black boxes, where you feed some raw materials in one end and a manufactured item
emerges at the other. Once created, you don't need to think about how they work.
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Let's say that you want to help your child learn their times tables, so you want to make it
easy to generate a times table for a number, such as the 12 times table:

1 x 12 12
2 x 12 = 24

12 x 12 = 144

You previously learned about the for statement, so you know that for can be used to
generate repeated lines of output when there is a regular pattern, like the 12 times table, as
shown in the following code:

for (int row = 1; row <= 12; row++)
{

Console.WriteLine ($"{row} x 12 = {row * 12}");

}

However, instead of outputting the 12 times table, we want to make this more flexible, so it
could output the times table for any number. We can do this by creating a function, also
known as a method.

Writing a times table function

Create a solution/folder named Chapter04, and add a new console application project
named WritingFunctions.

Modify the template file as shown in the following code:

using static System.Console;

namespace WritingFunctions

{

class Program

{

static void TimesTable (byte number)

{

WriteLine ($"This is the {number} times table");

for (int row = 1; row <= 12; rowt+)
{
WriteLine (
S$"{row} x {number} = {row * number}");

}

static void RunTimesTable ()
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}

{
Write ("Enter a number between 0 and 255: ");
if (byte.TryParse (ReadLine (), out byte number))
{
TimesTable (number) ;
}
else
{
WriteLine ("You did not enter a valid number!");
}
}

static void Main(string[] args)
{
RunTimesTable () ;

}

Note the following;:

We have statically imported the Console type so that we can simplify calls to its
methods such as WriteLine.

We have written a function named TimesTable that can have a byte value
passed to it named number.

The TimesTable function uses a for statement to output the times table for the
number passed to it.

We have written a function named RunTimesTable that prompts the user to
enter a number, and then calls the TimesTable method, passing it the entered
number. It includes handling for dealing with the scenario where the user does
not enter a valid number.

We call the RunTimeTable function in the Main method.

The function named TimesTable has one input: a parameter named
number that must be a byte value. TimesTable does not return a value to
the caller, so it is declared with the void keyword before its name.
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sole application, enter a number, for example, 6, and view the output:

number between 0 and 255: 6
the 6 times table:
6
12
18
24
30
36
42
48
54
60
66
72

Writing a function that returns a value

The previous function performed actions (looping and writing to the console), but it did not
return a value.

Let's say that you need to calculate sales tax or valued-added tax (VAT). In Europe, VAT
rates range from 8% in Switzerland to 27% in Hungary. In the United States, state sales
taxes range from 0% in Oregon to 8.25% in California.

Add another function to the Program class named SalesTax, with a function to run it, as
shown in the following code, and note the following;:

e The salesTax function has two inputs: a parameter named amount that will be
the amount of money spent, and a parameter named twoLetterRegionCode
that will be the region the amount is spent in

¢ The salesTax function will perform a calculation using a switch statement, and
then return the sales tax owed on the amount as a decimal value; so, before the
name of the function, we have declared the data type of the return value

¢ The RunSalesTax function prompts the user to enter an amount and a region
code, and then calls SalesTax and outputs the result.

static
decim

{

decimal SalesTax (
al amount, string twolLetterRegionCode)

decimal rate = 0.0M;

swit

{

ch (twolLetterRegionCode)
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case "CH": // Switzerland
rate = 0.08M;
break;
case "DK": // Denmark
case "NO": // Norway
rate = 0.25M;
break;
case "GB": // United Kingdom
case "FR": // France
rate = 0.2M;
break;
case "HU": // Hungary
rate = 0.27M;
break;
case "OR": // Oregon
case "AK": // Alaska

case "MT": // Montana

rate = 0.0M;

break;
case "ND": // North Dakota
case "WI": // Wisconsin

case "ME": // Maryland

case "VA": // Virginia
rate = 0.05M;
break;

case "CA": // California
rate = 0.0825M;
break;

default: // most US states
rate = 0.06M;
break;

3

return amount * rate;

static void RunSalesTax ()

{

Write ("Enter an amount: ");
string amountInText = ReadLine();
Write ("Enter a two letter region code: ");

string region = ReadLine();
if (decimal.TryParse (amountInText, out decimal amount))

{

decimal taxToPay = SalesTax (amount, region);
WriteLine ($"You must pay {taxToPay} in sales tax.");
}
else

{
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WriteLine ("You did not enter a wvalid amount!");

}

In the Main method, comment the RunTimesTable method call, and call the RunSalesTax
method, as shown in the following code:

// RunTimesTable () ;
RunSalesTax () ;

Run the console application, enter an amount and a region code, and view the output:

Enter an amount: 149
Enter a two letter region code: FR
You must pay 29.8 in sales tax.

Can you think of any problems with the SalesTax function as written?
What would happen if the user enters a code of UK? How could you
rewrite the function to improve it?

Writing mathematical functions

Although you might never create an application that needs to have mathematical
functionality, everyone studies mathematics at school, so using mathematics is a common
way to learn about functions.

Formatting numbers for output

Numbers that are used to count are called cardinal numbers, for example, 1, 2, and 3.
Numbers that are used to order are ordinal numbers, for example, 1%, 2™ and 3".

We will write a function named CardinalToOrdinal that converts a cardinal int value
into an ordinal st ring value; for example, it converts 1 into 1st, 2 into 2nd, and so on, as
shown in the following code:

static string CardinalToOrdinal (int number)
{
switch (number)
{
case 11:
case 12:
case 13:
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return $"{number}th";
default:
string numberAsText = number.ToString();
char lastDigit =
numberAsText [numberAsText.Length - 1];
string suffix = string.Empty;
switch (lastDigit)
{
case '1':
suffix = "st";
break;
case '2':
suffix = "nd";
break;
case '3':
suffix = "rd";
break;
default:
suffix = "th";
break;
t

return S$"{number}{suffix}";
}

static void RunCardinalToOrdinal ()
{
for (int number = 1; number <= 40; number++)
{
Write ($"{CardinalToOrdinal (number)} ");
}
t

Note the following;:

e The CardinalToOrdinal function has one input: a parameter of the int type
named number, and one output: a return value of the string type

¢ A switch statement is used to handle the special cases of 11, 12, and 13

¢ A nested switch statement then handles all other cases: if the last digit is 1, then
use st as the suffix, if the last digit is 2, then use nd as the suffix, if the last digit is
3, then use rd as the suffix, and if the last digit is anything else, then use th as the
suffix

e The RunCardinalToOrdinal function uses a for statement to loop from 1 to 40,
calling the CardinalToOrdinal function for each number and writing the
returned string to the console, separated by a space character
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In the Main method, comment the RunSalesTax method call, and call the
RunCardinalToOrdinal method, as shown in the following code:

// RunTimesTable () ;
// RunSalesTax () ;

RunCardinalToOrdinal () ;

Run the console application and view the output:

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11lth 12th 13th 14th 15th 16th 17th
18th 19th 20th 21st 22nd 23rd 24th 25th 26th 27th 28th 29th 30th 31lst 32nd
33rd 34th 35th 36th 37th 38th 39th 40th

Calculating factorials with recursion

The factorial of 5 is 120, because factorials are calculated by multiplying the starting number
by one less than itself, and then by one less again, and so on, until the number is reduced to
1, like this: 5x4x3x2x1=120.

We will write a function named Factorial that calculates the factorial for an int passed to
it as a parameter. We will use a clever technique called recursion, which means a function
that calls itself.

Recursion is clever, but it can lead to problems, such as a stack overflow
due to too many function calls. Iteration is a more practical, if less succinct,
solution in languages like C#. You can read more about this at the
following link:

https://en.wikipedia.org/wiki/Recursion_ (computer_

science) #Recursion_versus_iteration

Add a function named Factorial, as shown in the following code:

static int Factorial (int number)

{

if (number < 1)

{

return 0;

}

else 1if (number == 1)

{

return 1;

}

else

{
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return number * Factorial (number - 1);

}

static void RunFactorial ()
{
Write ("Enter a number: ");
if (int.TryParse (ReadLine (), out int number))

{

WriteLine (
S"{number:NO}! = {Factorial (number) :NO}");
}
else
{
WriteLine ("You did not enter a valid number!");

}
}

Note the following;:

e If the input number is zero or negative, Factorial returns 0.
e If the input number is 1, Factorial returns 1, and therefore stops calling itself.

e If the input number is larger than one, Factorial multiplies the number by the
result of calling itself and passing one less than the number. This makes the
function recursive.

® RunFactorial prompts the user to enter a number, calls the Factorial
function, and then outputs the result, formatted using the code N0, which means
number format and use commas to show thousands with zero decimal places.

In the Main method, comment the RunCardinalToOrdinal method call, and call the
RunFactorial method.

Run the console application several times, entering various numbers, and view the output:

Enter a number: 3

3! =6
Enter a number: 5
5! = 120

Enter a number: 31
31! = 738,197,504
Enter a number: 32
32! = -2,147,483,648
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Factorials are written like this: 5!, where the exclamation mark is read as
bang, so 5! =120, that is, five bang equals one hundred and twenty. Bang is a
good name for factorials because they increase in size very rapidly, just

like an explosion. As you can see in the previous output, factorials of 32
and higher will overflow the int type because they are so big.

Debugging an application during

develo

pment

In this section, you will learn how to debug problems at development time.

Creating an application with a deliberate bug

Add a new console application project named Debugging.

Modify the template code to look like this:

using static System.Console;

namespace Debugging

{

class

{

Program

static double Add(double a, double b)

{

}

return a * b; // deliberate bug!

static void Main(string[] args)

{

}

double a = 4
double b = 2
double answer = Add(a, b);

WriteLine ($"{a} + {b} = {answer}");
ReadLine(); // wait for user to press ENTER

.5; // or use var
.5

’
’

Run the console application and view the output:

4.5 + 2.5

= 11.25
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There is abug: 4.5 added to 2. 5 should be 7 and not 11.25!

We will use the debugging tools in Visual Studio 2017 or Visual Studio Code to squash the
bug.

Setting a breakpoint

Breakpoints allow us to mark a line of code that we want to pause at to find bugs. Click on
the open curly brace at the beginning of the Main method and press F9.

A red circle will appear in the margin bar on the left-hand side to indicate that a breakpoint
has been set, as shown in the following screenshot:

@ Code File Edit Selection View Go Debug Tasks Window Help
@0 Program.cs — Debugging

EXPLORER Welcome Program.cs X

4 OPEN EDITORS System.Console;
Welcome
Debugging
Program.cs
4 DEBUGGING 0 references
b .vscode Program
> bin {
b obj
Debugging.csproj {
Program.cs return a * b;
}

1 reference

Add(

0 references
Main( [1 args)
i
a = 4.5;
b = 2.5;
answer = Add(a, b);
WriteLine($"{a} + {b} = {answer}");
ReadLine();

TERMINAL 1: dotne ¥

Restore succeeded.

Marks-MacBook-Pro-13:Debugging markjprice$ dotnet run
4.5 + 2.5 = 11.25

Ln13, Col 10 Spaces:4 UTF-8withBOM CRLF C# & Debugging @
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Breakpoints can be toggled with F9. You can also left-click in the margin to toggle the
breakpoint on and off, or right-click to see more options, such as remove, disable, or edit the
breakpoint.

In Visual Studio 2017, go to Debug | Start Debugging, or click on the Start toolbar button,
or press F5.

In Visual Studio Code, go to View | Debug, or press Shift + Cmd + D, and then click on the
Start Debugging button, or press F5.

Visual Studio starts the console application executing and then pauses when it hits the
breakpoint. This is known as break mode. The line that will be executed next is highlighted
in yellow, and a yellow arrow points at the line from the gray margin bar, as shown in the
following screenshot:

@ Code File Edit Selecton View Go Debug Tasks Window Help
N N Program.cs — Debugging

@ DEBUG b ¢ 3% 3 O =
4 VARIABLES using static System.Console;
4 Locals
args [string[]]: {st..
a [double]: @ 0 references
b [double]: @ class Program
answer [double]: @ {

e Debugging

1 reference
static double Add(d
{

return a x b;

}

0 referenc

d Main(string[] args)

L -H
285
d e answer = Add(a, b);
CALL STACK  PAUSED O... WriteLine($"{a} + {b} = {answer}");
Debugging.dl1!Debug... ReadLine();

DEBUG CONSOLE S A X

BREAKPOINTS Loaded '/usr/local/share/dotnet/shared/Microsoft.NETCore.App/2.0.0-preview2
-25407-01/System.Console.dl1'. Skipped loading symbols. Module is optimized

@ All Exceptions and the debugger option 'Just My Code' is enabled.

¥ User-Unhandled Exce
¥ Program.cs 13 >

Ln 13, Col 10 (1 selected) Spaces: 4 UTF-8 withBOM CRLF C# & Debugging @
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The debugging toolbar

Visual Studio 2017 enables some extra toolbar buttons to make it easy to access debugging
features. Here are a few of those:

¢ Continue/F5 (green triangle): This button will run the code at full speed from the
current position

e Stop Debugging / Shift + F5 (red square): This button will stop the program

o Restart/Ctrl or Cmd + Shift + F5 (circular black arrow): This button will stop and
then immediately restart the program

e Step Into / F11, Step Over / F10, and Step Out / Shift + F11 (blue arrows over
dots): This button will step through the code in various ways

The following screenshot illustrates Visual Studio 2017's extra toolbar buttons:

Fgontinue'p=§§§ lb| |—)ff.=l'r % _
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Debugging windows

Visual Studio 2017 makes some extra windows visible so that you can monitor useful

information, such as variables, while you step through your code. If you cannot find one of
these windows, then, in Visual Studio 2017, navigate to Debug | Windows, and then select
the window you want to view, as shown in the following screenshot:

ﬂ Chapter05 (Debugging) - Microsoft Visual Studio

File Edit View Project Build | Debug | Team Tools
(<4 | Al - | | - Windows
Program.cs # X P Continue
Ch05_Debugging Al
1 —lusing System; B Stop Debugging
2 using static Systel X Detach All
3 Terminate All
4 —Inamespace Ch@5_Debt
5 { O Restart
6 2 class Program | {@] Performance Profiler...
7 { . #  Attach to Process...
8 -] static dout
9 { Other Debug Targets
10 return Profiler
11 }
[3
12 . Stepinto
13 = static voi¢ &' Step Over
14 ﬂ 1 Step Out
15 double .
16 double 4> QuickWatch...
17 double Toggle Breakpoint
18 wr‘lte'fj New Breakpoint
19 ReadLir _
20 1 .’ Delete All Breakpoints
0 -
LI0Le & Disable All Breakpoints
Lo [SRevE
Name Value Export DataTips ...
# args {string[0]} I N
@, 0 mport DataTips ...
@ b 0 Save Dump As...
@ answer 0

o3
y2

Options...

Test  Analyze

F5

Ctrl+Alt+Break

Shift+F5

Window

Ctrl+Shift+F5

Alt+F2

Ctrl+Alt+P

F11
F10
Shift+F11
Ctrl+D, Q
F9

Ctrl+Shift+F9

Ch05_Debugging Properties...

Help
el
Fal
g
=

P

7

Q

e 1]

S

Breakpoints
Exception Settings
Qutput

Show Diagnostic Tools
GPU Threads

Tasks

Parallel Stacks
Parallel Watch
Watch

Autos

Locals

Immediate
JavaScript Console
DOM Explorer
Live Visual Tree
Live Property Explorer
Call Stack

Threads

Modules
Processes
Memory
Disassembly

Registers

X

.'? Quick Launch
Send Feedback
Ctrl+D, B
Ctrl+D, E -
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Ctrl+Alt+F2
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1

Most of the debug windows are only available when you are in the break

mode.
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In Visual Studio Code, the windows are all in the Debug view on the left-hand side, as
shown in the earlier screenshot.

The Locals windows in Visual Studio 2017 and Visual Studio Code, show the name, value,
and type for any local variables. Keep an eye on this window while you step through your
code, as shown in the following screenshots:

Locals 4 VARIABLES
Name Value Type 4 Locals
args [string[1]: {string[0]}
“a 0 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>