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Foreword

When the author of this book, Dirk Strauss, asked me if I'd write a foreword, it took me
about n milliseconds (where n is a small integer) to reply with a "yes". I've known Dirk for a
few years, starting when we worked on a project that involved C# Code Contracts. Quite
some time ago I worked with the Research in Software Engineering group at Microsoft
Research, who originally developed Code Contracts, so when I saw Dirk's explanation of
the technology, I knew immediately that Dirk has a rare ability to understand, use, and
most importantly with regards to C# 7 and .NET Core Cookbook, explain ideas in a clear and
precise way.

Most of my colleagues and I believe that a major challenge facing .NET developers, and in
fact all software developers, is the astonishing explosion of new technologies and the
associated tidal wave of various forms of documentation. It's becoming increasingly
difficult to find those few valuable resources that get to the point quickly, and explain
technologies and paradigms succinctly so you can get on with your work. This book is one
such reference. I hope you'll enjoy and value C# 7 and .NET Core Cookbook as much as I do!

Dr. James McCaffrey

Microsoft Research
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Preface

Visual Studio 2017 allows developers to harness the latest technology and create world-
class applications across a variety of platforms. The new language features in C# 7.0 are
powerful tools that will allow you to write better functioning software and deliver complex
business requirements quicker.

The book takes a look at all of the awesome new features in C# 7. It also looks at how
developers can write diagnostic analyzers to produce better code and adhere to specific
code standards. It explores .NET Core 1.1 and looks at creating an ASP.NET Core
application using the MVC framework.

If creating mobile apps is something you are interested in, this book will show you how to
do so using Cordova. If you want to create native iOS applications, this book shows you
how to do just that using Visual Studio for Mac.

If serverless computing is something that want to understand more, then look no further. In
the book, we take a look at what the term serverless computing means. We also look at how
to create an Azure function and how to use AWS and S3. Lastly, hot off the press from
Amazon, we take a look at using C# lambda functions with AWS.

This book will show you the beauty of C#, which when combined with the power of Visual
Studio, makes you a very formidable developer, capable of meeting a variety of
programming challenges head on.

Whatever your skill level when it comes to programming with C#, this book provides
something for everyone and will make you a better developer.

What this book covers

Chapter 1, New Features in C# 7.0, shows how C# 7.0 brings a lot of new functionality to the
C# language. The biggest of these features by far are Tuples and pattern matching. Getting
to grips with what's new in C# 7.0 is essential for developers in order to stay on top of their
game.

Chapter 2, Classes and Generics, form the building blocks of software development and are
essential in building good code. The power of classes, which is to describe the world around
us and translate it into a programming language that a compiler can understand, allows
developers to create great software.



Preface

Chapter 3, Object-Oriented Programming in C#, is the foundation of C# and object-oriented
programming (OOP). Understanding this concept is essential to .NET developers
everywhere.

Chapter 4, Code Analyzers in Visual Studio, talks about how code analyzers help developers
to write better code. Be sure that the code you or your team ships measures up to your
specific set of code quality standards.

Chapter 5, Regular Expressions, is about how regex make use of patterns that describe a
string through the use of special characters that denote a specific bit of text to match. The
use of regex, when applied properly, can be a very powerful approach to certain
programming problems.

Chapter 6, Working with Files, Streams, and Serialization, teaches the readers that working
with files, streams, and serialization is something you as a developer will do many times.
Being able to do so correctly will definitely give you an edge as a developer.

Chapter 7, Making Apps Responsive with Asynchronous Programming, talks about how
asynchronous programming is an exciting feature in C#. It allows you to continue program
execution on the main thread while a long-running task finishes its execution. This enables
your applications to remain responsive.

Chapter 8, High Performance Programming Using Parallel and Multithreading in C#, improves
your code's performance. Using multithreading and parallel programming can mean the
difference between users experiencing an application as working or broken.

Chapter 9, Composing Event-Based Programs Using Reactive Extensions, teaches the reader
how Rx is an exciting technology. If you need to create search-as-you-type functionality in
an application, have data that changes notify your application instead of having to poll the
data all the time (think stock prices), or generally make your app more responsive, the
chances are you need to consider using Rx.

Chapter 10, Exploring .NET Core 1.1, is about the buzz regarding .NET Core these days. It
allows you to create cross-platform applications that run on Windows, Linux, and macOS.
Knowing how to use it is essential for all NET developers.

Chapter 11, ASP.NET Core on the MVC Framework, talks about the MVC framework, which
is named according to the MVC design pattern it follows. It allows developers to separate
the logic by letting each component of the framework focus on one specific thing. It is this
separation of concerns that makes MVC so powerful, especially when combined with .NET
Core.

[2]
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Chapter 12, Choosing and Using a Source Control Strategy, is about how source control is an
essential part of every developer's toolkit. It doesn't matter whether you are a hobbyist or
professional programmer; when you get up from your desk to go home, you'd better be
sure your code is safe.

Chapter 13, Creating a Mobile Application in Visual Studio, allows developers to create mobile
applications with ease. It also gives developers more choice about how to go about doing it.
From creating a mobile app with Xamarin, to using Cordova, to writing native iOS
applications with Visual Studio for Mac, .NET developers can expand their service offering
using the IDE they know and love.

Chapter 14, Writing Secure Code and Debugging in Visual Studio, talks about how debugging
is something developers do more often than not. Being able to do so efficiently is a different
story. In a similar way, being able to write secure code is essential to any developer.
Creating secure code and being able to efficiently debug that code properly results in a
better end product.

Chapter 15, Creating Microservices on Azure Service Fabric, is about how, traditionally,
developers wrote applications in a monolithic manner, which is one single executable
broken up into components via classes and so on. Microservices is a technology that aims to
address the issues surrounding traditional monolithic applications. It allows developers to
create smaller bits (services) that can function on their own without being dependent on any
of the other services.

Chapter 16, Azure and Serverless Computing, is about how serverless does not mean the lack
of a server, but rather you (or the application) does not know which server is used to
provide some functionality to an application. Splitting some of your application logic into a
serverless-type architecture allows for extreme scalability when loads increase (or decrease),
increased performance, and less code to write and debug.

What you need for this book

You will need the latest version of Visual Studio 2017. For some of the chapters on mobile
development, you will need an active Apple iTunes account. Regarding the last chapter,
you will need to create a free AWS account. Lastly, some of the recipes might also require
access to the Azure portal.

[31]
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Who this book is for

The book will appeal to C# and .NET developers who have a basic familiarity with C# and
the Visual Studio 2015 environment.

Sections

In this book, you will find several headings that appear frequently (Getting ready, How to
do it, How it works, There's more, and See also).

To give clear instructions on how to complete a recipe, we use these sections as follows:

Getting ready

This section tells you what to expect in the recipe, and describes how to set up any software
or any preliminary settings required for the recipe.

How to do it...

This section contains the steps required to follow the recipe.

How it works...

This section usually consists of a detailed explanation of what happened in the previous
section.

There's more...

This section consists of additional information about the recipe in order to make the reader
more knowledgeable about the recipe.

See also

This section provides helpful links to other useful information for the recipe.

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.
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Code words in text, database table names, folder names, filenames, file extensions,
pathnames, dummy URLSs, user input, and Twitter handles are shown as follows: "You will
find the script in the _database scripts folder in the accompanying source code."

A block of code is set as follows:

public override void Initialize (AnalysisContext context)
{
context.RegisterSymbolAction (AnalyzeSymbol,
SymbolKind.NamedType) ;
}

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: "From the Tools menu, select
NuGet Package Manager and then Manage NuGet Packages for Solution...."

Warnings or important notes appear in a box like this.

Tips and tricks 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 e-mail 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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Preface

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.p
acktpub. com. If you purchased this book elsewhere, you can visit http://www.packtpub.c
om/supportand register to have the files e-mailed directly to you.

You can download the code files by following these steps:

Log in or register to our website using your e-mail 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 =

You can also download the code files by clicking on the Code Files button on the book's
webpage at the Packt Publishing website. This page can be accessed by entering the book's
name in the Search box. Please note that you need to be logged in to your Packt account.

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

e WinRAR / 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-and-DotNET-Core-Cookbook. We also
have other code bundles from our rich catalog of books and videos available at https://gi
thub.com/PacktPublishing/. Check them out!
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Preface

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/conten
t/supportand 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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New Featuresin C# 7.0

In this first chapter, we will take a look at the C# 7.0 features by covering them in the
following recipes:

e Working with Tuples - getting started
e Working with Tuples - going deeper
¢ Pattern matching

¢ Qut variables

e Deconstruction

¢ Local functions

e Improvements to literals

o Ref returns and locals

¢ Generalized async return types

¢ Expression bodies for accessors, constructors, and finalizers
e throw expressions

Introduction

C# 7.0 brings a lot of new functionality to the C# language. If you were left wanting more
after the release of C# 6.0, then C# 7.0 will not disappoint you at all. It focuses on consuming
data, simplifying code, and improving performance. Mads Torgersen who is the C#
Program Manager noted that C# 7.0's biggest feature by far is Tuples. The other is pattern
matching. These two features (as well as the others) were met with enthusiasm from C#
developers worldwide. It is, therefore, no guess that developers will immediately start
implementing these new features introduced in C# 7.0. It will, therefore, be very beneficial
to get to grips with what C# 7.0 has to offer and implement the new language features in
your development projects as soon as possible.



New Features in C# 7.0

Throughout this book, I will be using the release candidate of Visual Studio 2017. Some
features and methods of doing things might change between the time of writing and the
final release of Visual Studio 2017.

Working with Tuples - getting started

I have come across many instances where I wanted to return more than one value from a
method. As Mads Torgersen pointed out, the existing options available to developers are
not optimal. C# 7.0 has, therefore, introduced Tuple types and Tuple literals to allow
developers an easy way of returning multiple values from methods. Developers can also
rest easy when creating Tuples. Tuples are structs, which are value types. This means that
they are created locally and are passed by copying the contents. Tuples are also mutable
and Tuple elements are public mutable fields. I am personally very excited about using
Tuples. Let's explore Tuples in closer detail in the following recipe.

Getting ready

Start off by creating a regular console application in Visual Studio 2017. Simply call the
project you create cookbook. Before I can jump into using Tuples in C# 7.0, I need to add in
a NuGet package. Bear in mind that I am using the release candidate of Visual Studio. This
process might change between now and the final release of the product.

1. To do this, head on over to Tools, NuGet Package Manager and then, click on
Manage NuGet Packages for Solution....
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Tools  Architecture  Test  Load Test RTools  Analyze  Window  Help
[l] Extensions and Updates... _

Android 4
105 ' - mﬂ Main(strin|
Archive Manager...

Xamarin Account...

Connect to Database...

4
L 1]

Connect to Server...

H{:
2 m

Add SharePoint Connection...

SOL Server [+
Web Code Analysis [+
[.] Code Snippets Manager... Ctrl+K, Ctrl+B

Choose Teolbox Items...

MuGet Package Manager " Bl Package Manager Console
Python Tools [

& B

Manage NuGet Packages for Solution...
Android Tools b L} Package Manager Settings

Mode,js Tools 4

Visual Studic Emulator for Android...

|

h PreEmptive Protection - Dotfuscator
Create GUID

G WCF Service Configuration Editor
External Tools..,
Import and Export Settings...

Customize...
&+  Options...

2. Select the Browse tab and type in ValueTuple in the search box. The
System.ValueTuple by Microsoft NuGet package should be displayed. Select the
cookbook project under Manage Packages for Solution and click on the Install
button.
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Take note that I am using Visual Studio 2017 RC while writing portions of
this book. You probably will not need to add System.ValueTuple from
NuGet some time in the future after the final release. Adding
System.ValueTuple from NuGet might, however, remain a requirement.

Only time will tell.

w cookbook
NuGet - Solution + >

Browse Installed Updates Consolidate

ValueTuple ¥ = % [ Include prerelease

Iad  System.ValueTuple by Microsoft, 60.9K downloads v4.3.0

Provides the Systern.ValueTuple structs, which implement the
underlying types for C# 7 tuples.

Each package is licensed to you by its owner. NuGet is not responsible for, nor does
it grant any licenses to, third-party packages.

[] Do not show this again

Manage Packages for Solution

Package source: nuget.org - 1

i3l System.ValueTuple

Version(s) - 0

Project ~ Version

cookbook

Installed: not installed Uninstall

- Install

Version:  Latest stable 4.3.0

() Options

Description

Provides the System.ValueTuple structs, which implement the
underlvina tvoes for CZ 7 tuples,
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3. Visual Studio will now show you a prompt to review the changes you are about
to make to your project. Just click on the OK button. Lastly, you will need to
provide the License Agreement required by Microsoft. Just click on the I Accept
button. Visual Studio will now start the NuGet package installation. It will show
you its progress in the Output window.

Output > 1 X

Show output from: Package Manager -

Attempting to gather dependency information for package
'System.ValueTuple.4.3.8" with respect to project
"cookbook', targeting '.METFramework,Version=v4.6.2"'

Gathering dependency information took 589.75 ms

Attempting to resolve dependencies for package
'System.ValueTuple.4.3.8' with DependencyBehavior 'Lowest'

Resolving dependency information took @ ms

Resolving actions to install package 'System.ValueTuple.4.3.8°

Resolved actions to install package 'System.ValueTuple.4.3.8'

Retrieving package 'System.ValueTuple 4.3.8' from 'nuget.org’.
GET https://fapi.nuget.org/packages/

system.valuetuple.4.3.8.nupks
0K https://api.nuget.org/packages/
system.valuetuple.4.3.8.nupkg 26ms

Installing System.ValueTuple 4.3.8.

Adding package 'System.ValueTuple.4.3.8' to folder 'C:\sc
Y cookbook\ packages'

Added package 'System.ValueTuple.4.3.8" to folder 'C:idscC
‘cookbook' packages'

Added package 'System.ValueTuple.4.3.8' to 'packages.config'

Successfully installed 'System.ValueTuple 4.3.8' to cookbook

Executing nuget actions took 1.82 sec

========== Finished ==========

Time Elapsed: 88:88:82.4623794
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After all this is complete, my Visual Studio solution looks as follows:

Solution Explorer > 0 x

f:jlﬂ:la' T@":lo@'@<>’
Search Solution Explorer (Ctrl+;) ol
fa] Solution 'cookbook’ (1 project)
4 cookbook
& Service Capabilities
b Properties
[ =B References
w1 App.config

¥] packages.config
B c* Program.cs

Solution Explorer | Teamn Explorer

You will now be ready to create your first method that works with Tuples. Let's see how to
do that next.

How to do it...

1. Start off by creating a new class in the Program. cs file of your Visual Studio
console application. You can call your class anything, but for the purposes of this
book I will simply be calling my class Chapterl. Your code should now look as

follows:

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

{

[13]
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}

public class Chapterl
{

}
}

2. This is the format we will be using throughout this chapter. Let's assume that we
want to write a method that needs to calculate the average score for a variable
number of students. No grade has the same number of students in each class.
Therefore, we want our method to return the number of students in the class for
the calculated average score. Change the static void main method to contain
a list of scores. We are also creating a new instance of the Chapter1 class and
calling the method GetAverageAndCount (), which will be used to return the
two values we need.

I will be hardcoding this for illustration purposes; in reality, though these
scores can be for any number of students. Be sure to add the values exactly
as I have in the code listing as I will be illustrating a final gotcha at the end
of this recipe.

static void Main(string[] args)

{
int[] scores = { 17, 46, 39, 62, 81, 79, 52, 24 };
Chapterl chl = new Chapterl();
var s = chl.GetAverageAndCount (scores) ;

}

3. Itis here that we can use the power of Tuples to declare the
GetAverageAndCount () method in the Chapter1 class. It accepts an array of
integer scores and looks as follows:

public (int, int) GetAverageAndCount (int[] scores)

{

}

[14]
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4.

7.

Pay close attention to the return Tuple type (int, int).We are only returning
two values from the Get AverageAndCount () method, but in reality you can
return several values if needed. In order to run your code sample, we will create a
dummy implementation of this method. To do this, just include a Tuple literal
that returns two zeros.

public (int, int) GetAverageAndCount (int[] scores)
{

var returnTuple = (0, 0);

return returnTuple;

}

Go back to the static void Main method where the Tuple returning method is
called and write code to consume the return values. Every Tuple you create will
expose members called Iteml, Item2, Item3, and so on. These are used to get
the values returned from a Tuple returning method.

static void Main(string[] args)
{
int[] scores = { 17, 46, 39, 62, 81, 79, 52, 24 };
Chapterl chl = new Chapterl();
var s = chl.GetAverageAndCount (scores);
WriteLine ($"Average was {s.Iteml} across {s.Item2} students");
ReadLine () ;
}

Be sure to add the following using the directive before the namespace.
using static System.Console;

You will notice that we used s.Iteml and s.Item2 to reference the return
values returned from our GetAverageAndCount () method. While this is totally
legal, it isn't very descriptive and makes it difficult to infer the usage of the
variable returned. It basically means that you would have to remember that
Iteml is the average value and Item2 is the count value. Perhaps, it is the other
way around? Is Tteml the count and Item2 the average? It really depends on
what you are doing inside the GetAverageAndCount () method (which can
change over time). Our Tuple returning method can therefore be enhanced as
follows:

public (int average, int studentCount)
GetAverageAndCount (int [] scores)

{
var returnTuple = (0, 0);
return returnTuple;

[15]
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}

8. The Tuple return type can now declare variable names for its elements. This
makes it easy for the caller of the GetAverageAndCount () method to know
which value is which. You can still keep on using s.Iteml and s.Item2, butitis
now much easier to change the calling code in the static void Main method
accordingly:

static void Main(string[] args)
{
int[] scores = { 17, 46, 39, 62, 81, 79, 52, 24 };
Chapterl chl = new Chapterl();
var s = chl.GetAverageAndCount (scores) ;
WriteLine ($"Average was {s.average} across {
s.studentCount} students");
ReadLine () ;
}

9. Changing the interpolated string in WriteLine, we see that the usage of the
values returned by the Tuple is much clearer. You now know that the first value
is the average and that the second value is the count of the students used to
calculate the average. Tuples, however, allow developers more flexibility.
Remember the Tuple literal in the GetAverageAndCount () method? We simply
added this in the dummy implementation as follows:

var returnTuple = (0, 0);

10. C# 7.0 also allows developers to add names to Tuple literals. Inside the
GetAverageAndCount () method, change your Tuple literal as follows:

var returnTuple = (ave:0, sCount:0);

11. IThave just named the first value a name of ave (for average) and the second
sCount (for student count). This is some really exciting stuff! After you have
modified your Tuple literal, your dummy implementation of the
GetAverageAndCount () method should look as follows:

public (int average, int studentCount)
GetAverageAndCount (int [] scores)

{
var returnTuple = (ave:0, sCount:0);
return returnTuple;

}

[16]
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you do not have to worry that the ave and sCount names in the Tuple
literal don't match the average and studentCount names of the return

0 Tuples play really nicely together. As long as the Tuple types match up,
type.

How it works...

So far in this recipe, we have seen that Tuples give developers a lot of flexibility when you
need to return several values from a method. While the dummy implementation of
GetAverageAndCount () simply returns the zero-valued Tuple literal, it gives you some
idea how Tuples are wired up. This recipe is the foundation for the next recipe. I encourage
you to go through both recipes thoroughly in order to gain the full benefit from
understanding Tuples and how to use them.

Working with Tuples - going deeper

I will now start adding more meat to the dummy implementation of the
GetAverageAndCount () method we created in the previous recipe. If you are new to
Tuples, and have not worked through the previous recipe, I encourage you to do so first
before starting to work through this recipe.

Getting ready

You need to have completed the code steps in the recipe Working with Tuples - getting started,
in order to work through this recipe. Ensure that you have added the required NuGet
package as specified in the previous recipe.

How to do it...

1. Let's take a look at the calling code again. We can further simplify the code in the
static void Main method by getting rid of the var s. When we called the
GetAverageAndCount () method, we returned the Tuple into var s.

var s = chl.GetAverageAndCount (scores);

[17]
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2. We do not have to do this. C# 7.0 allows us to immediately split the Tuple into its
respective parts as follows:

var (average, studentCount) = chl.GetAverageAndCount (scores);
3. We can now consume the values returned by the Tuple directly as follows:
WriteLine ($"Average was {average} across {studentCount} students");

4. Before we implement the GetAverageAndCount () method, make sure that your
static void Main method looks as follows:

static void Main(string[] args)

{

int[] scores = { 17, 46, 39, 62, 81, 79, 52, 24 };
Chapterl chl = new Chapterl();
var (average, studentCount) = chl.GetAverageAndCount (scores);

WriteLine ($"Average was {average} across {
studentCount} students");
ReadLine () ;
}

5. Secondly, ensure that the GetAverageAndCount () method's dummy
implementation looks as follows:

public (int average, int studentCount)
GetAverageAndCount (int [] scores)

{
var returnTuple = (ave:0, sCount:0);
return returnTuple;

[18]
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6. Go ahead and run your console application. You will see that the two values,
average and studentCount are returned from our dummy implementation of
GetAverageAndCount ().

B Chechcookbook\cookbook\bin'Debughcookbook,.exe — O x

students

7. The values are obviously still zero because we have not defined any logic inside
the method. We will do this next. Before we write the implementation, make sure
that you have added the following using statement:

using System.Ling;

8. Because we are using an array of integers for the variable scores, we can easily
return the results we need. LINQ allows us to get the sum of the student scores
contained in the scores array, simply by writing scores.sum (). We can also
easily get the count of the student scores from the scores array by writing
scores.Count (). The average, therefore, would logically be the sum of the
scores divided by the count of the student scores
(scores.Sum() /scores.Count () ). We then put the values into our
returnTuple literal as follows:

public (int average, int studentCount)

[19]
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GetAverageAndCount (int [] scores)
{
var returnTuple = (ave:0, sCount:0);
returnTuple = (returnTuple.ave = scores.Sum()/scores.Count (),
returnTuple.sCount = scores.Count());

return returnTuple;

}

9. Run your console application to see the result displayed as follows:

B

Chsc\cookbook\cookbook\bin\Debug'cookbook.exe — O >

tudents

10. We can see that the class average isn't too great, but that is of little importance to

11.

our code. Another piece of code that isn't too great is this line:

returnTuple = (returnTuple.ave = scores.Sum()/scores.Count (),
returnTuple.sCount = scores.Count());

It is clunky and doesn't read very nicely. Let's simplify this a bit. Remember that I
mentioned previously that Tuples play nicely together as long as their types
match? This means that we can do this:

public (int average, int studentCount)
GetAverageAndCount (int [] scores)

[20]
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var returnTuple = (ave:0, sCount:0);
returnTuple = (scores.Sum()/scores.Count (), scores.Count());
return returnTuple;

}

12. Run your console application again and notice that the result stays the same:

B Ch\sc\cockbookicockbookibin'\Debug'cockbook.exe - O x

tudents

13. So why did we give the Tuple literal names to begin with? Well, it allows you to
reference them easily within your GetAverageAndCount () method. It is also
really very useful when using a foreach loop in your method. Consider the
following scenario. In addition to returning the count and average of the student
scores, we need to return an additional Boolean value if the class average is below
a certain threshold. For this example, we will be making use of an extension
method called CheckIfBelowAverage () and it will take a threshold value as
an integer parameter. Start off by creating a new static class called
ExtensionMethods.

public static class ExtensionMethods

{

}

[21]
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14. Inside the static class, create a new method called CheckIfBelowAverage ()
and pass it an integer value called threshold. The implementation of this
extension method is pretty straightforward, so I will not go into much detail here.

public static bool CheckIfBelowAverage (
this int classAverage, int threshold)

{

if (classAverage < threshold)
{
// Notify head of department
return true;

}
else
return false;

}

15. In the Chapter! class, overload the GetAverageAndCount () method by
changing its signature and passing a value for the threshold that needs to be
applied. You will remember that I mentioned that a Tuple return type method
can return several values, not just two. In this example, we are returning a third
value called belowAverage that will indicate if the calculated class average is
below the threshold value we pass to it.

public (int average, int studentCount, bool belowAverage)
GetAverageAndCount (int [] scores, int threshold)

{
}

16. Modify the Tuple literal, adding it to subAve ,and default it to t rue, because a
class average of zero will logically be below any threshold value we pass to it.

var returnTuple = (ave: 0, sCount: 0, subAve: true);

17. We can now call the extension method CheckIfBelowAverage () on the
returnTuple.ave value we defined in our Tuple literal and pass through it the
threshold variable. Just how useful giving the Tuple literal logical names
becomes evident when we use it to call the extension method.

returnTuple = (scores.Sum() / scores.Count (), scores.Count(),
returnTuple.ave.CheckIfBelowAverage (threshold));

[22]
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18. Your completed GetAverageAndCount () method will now look as follows:

public (int average, int studentCount, bool belowAverage)

GetAverageAndCount (int [] scores, int threshold)

{
var returnTuple = (ave: 0, sCount: 0, subAve: true);
returnTuple = (scores.Sum() / scores.Count (), scores.Count(),

returnTuple.ave.CheckIfBelowAverage (threshold));
return returnTuple;

}

19. Modity your calling code to make use of the overloaded
GetAverageAndCount () method as follows:

int threshold = 51;
var (average, studentCount, belowAverage) = chl.GetAverageAndCount (
scores, threshold);

20. Lastly, modify the interpolated string to read as follows:

WriteLine ($"Average was {average} across {studentCount}
students. {(average < threshold ?
" Class score below average."
" Class score above average.")}");

21. The completed code in your static void Main method should now look as
follows:

static void Main(string[] args)
{
int[] scores = { 17, 46, 39, 62, 81, 79, 52, 24 };
Chapterl chl new Chapterl();
int threshold = 51;
var (average, studentCount, belowAverage) =
chl.GetAverageAndCount (scores, threshold);
WriteLine ($"Average was {average} across {studentCount}
students. {(average < threshold ?
" Class score below average."
" Class score above average.")}");
ReadLine () ;

[23]
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22. Run your console application to view the result.

B Chschcookbook\cookbook\bin'\Debug'cookbook.exe — O >

23. To test that the ternary operator 2 is working correctly inside the interpolated
string, modify your threshold value to be lower than the average returned.

int threshold = 40;

[24]
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24. Running your console application a second time will result in a passing average
class score.

B Chschcookbook\cookbook\bin'\Debugcookbook.exe — O >

25. Finally, there is one glaring problem that I need to highlight with this recipe. It is
one that I am sure you have picked up on already. If not, don't worry. It is a bit of
a sneaky one. This is the gotcha I was referring to at the start of this recipe and I
intentionally wanted to include it to illustrate the bug in the code. Our array of
student scores is defined as follows:

int[] scores = { 17, 46, 39, 62, 81, 79, 52, 24 };

26. The sum of these equals to 400 and because there are only 8 scores, the value will
work out correctly because it divides up to a whole number (400 / 8 = 50). But
what would happen if we had another student score in there? Let's take a look.
Modify your scores array as follows:

int[] scores = { 17, 46, 39, 62, 81, 79, 52, 24, 49 };

[25]



New Features in C# 7.0

27. Run your console application again and look at the result.

B Chschcookbook\cookbook\bin'\Debug'\cookbook.exe — O >

28. The problem here is that the average is incorrect. It should be 49.89. We know
that we want a double (unless your application of this is intended to return an
integer). We, therefore, need to pay attention to casting the values correctly in the
return type and the Tuple literal. We also need to handle this in the extension
method CheckIfBelowAverage (). Start off by changing the extension method
signature as follows to act on a double.

public static bool CheckIfBelowAverage (
this double classAverage, int threshold)
{

}

[26]
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29. Then we need to change the data type of the average variable in the Tuple
method return type as follows:

public (double average, int studentCount, bool belowAverage)
GetAverageAndCount (int [] scores, int threshold)
}
30. Then, modify the Tuple literal so ave is a double by using ave: 0D.
var returnTuple = (ave: 0D, sCount: 0, subAve: true);
31. Cast the average calculation to a double.
returnTuple = ((double)scores.Sum() / scores.Count (),
scores.Count (),
returnTuple.ave.CheckIfBelowAverage (threshold));
32. Add the following using statement to your application:

using static System.Math;

33. Lastly, use the Round method to format the average variable in the interpolated
string to two decimals.

WriteLine ($"Average was {Round(average,?2)} across {studentCount}
students. {(average < threshold ?
" Class score below average."
" Class score above average.")}");

34. If everything is done correctly, your GetAverageAndCount () method should
look as follows:

public (double average, int studentCount, bool belowAverage)

GetAverageAndCount (int [] scores, int threshold)
{
var returnTuple = (ave: 0D, sCount: 0, subAve: true);
returnTuple = ((double)scores.Sum() / scores.Count (),

scores.Count (),
returnTuple.ave.CheckIfBelowAverage (
threshold));

return returnTuple;

[27]
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35. Your calling code should also look as follows:

static void Main(string[] args)

{

}

int[] scores = { 17, 46, 39, 62, 81, 79, 52, 24, 49 };

Chapterl chl = new Chapterl();

int threshold = 40;

var (average, studentCount, belowAverage) =

chl.GetAverageAndCount (scores, threshold);

WriteLine ($"Average was {Round(average,2)} across
{studentCount} students. {(average < threshold ?
" Class score below average."
" Class score above average.")}");

ReadLine () ;

36. Run the console application to see the correctly rounded average for the student
scores.

B Select Chschcookbool\cookbooki\bin\Debugh cookbook.exe — O =

across 9 s

[28]
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How it works...

Tuples are structs, and therefore value types that are created locally. You, therefore, do not
have to worry about using and assigning Tuples on-the-fly or that it creating a lot of
allocations. Their contents are merely copied when passed. Tuples are mutable and the
elements are publicly scoped mutable fields. Using the code example in this recipe, I can,
therefore, do the following:

returnTuple = (returnTuple.ave + 15, returnTuple.sCount - 1);

C# 7.0 is allowing me to first update the average value (shifting the average up) and then
decrementing the count field. Tuples are a very powerful feature of C# 7.0, and it will be of
great benefit to many developers when implemented it correctly.

Pattern matching

C# 7.0 introduces an aspect common to functional programming languages with pattern
matching. This new kind of construct can test values in different ways. To accomplish
this, two language constructs in C# 7.0 have been enhanced to take advantage of patterns.
These are as follows:

e The is expression
e The case clause in switch statements

With regard to the is expression, developers can now have a pattern on the right instead of
just a type. When it comes to switch statements, the case clause can now match on
patterns. The switch statement is no longer limited to primitive types and can switch on
anything. Let's start by looking at the is expression.

Getting ready

To illustrate the concept of pattern matching, assume the following scenario. We have two
object types called student and Professor. We want to minimize code, so we want to
create a single method to output the data from the object passed to it. This object can be a
Student or a Professor object. The method needs to figure out which object it is working
with and act accordingly. But first, we need to do a few things inside our console
application to set things up:

[29]
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1. Ensure that you have added the following using statement.
using System.Collections.Generic;

2. You now need to create two new classes called Student and Professor. The
code for the student class needs to look as follows:

public class Student

{
public string Name { get; set; }
public string LastName { get; set; }
public List<int> CourseCodes { get; set; }

}
3. Next, the code for the Professor class needs to look as follows:

public class Professor
{

public string Name { get; set; }

public string LastName { get; set; }

public List<string> TeachesSubjects { get; set; }
}

To understand where we are going with pattern matching, we first need to understand
where we have come from. I will start the next section off by showing you how developers
might have written this code before C# 7.0.

How to do it...

1. In the Chapter1 class, create a new method called Output Information () that
takes a person object as parameter.

public void OutputInformation (object person)

{
}

2. Inside this method, we would need to check what type of object is passed to it.
Traditionally, we would need to do the following:

if (person is Student)
{
Student student = (Student)person;
WriteLine ($"Student {student.Name} {student.LastName}

[30]
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is enrolled for courses {String.Join<int> (
", ", student.CourseCodes)}");

}
if (person is Professor)
{
Professor prof = (Professor)person;

WriteLine ($"Professor {prof.Name} {prof.LastName}
teaches {String.Join<string>(",",
prof.TeachesSubjects) }");
}

3. We have two if statements. We are expecting either a Student object or a
Professor object. The complete Output Information () method should look as
follows:

public void OutputInformation (object person)
{
if (person is Student)
{
Student student = (Student)person;
WriteLine ($"Student {student.Name} {student.LastName}
is enrolled for courses {String.Join<int>
(", ", student.CourseCodes)}");
}
if (person is Professor)
{
Professor prof = (Professor)person;
WriteLine ($"Professor {prof.Name} {prof.LastName}
teaches {String.Join<string>
(",", prof.TeachesSubjects)}");

}

4. Calling this method from the static void Main is easy enough. The objects are
similar, but differ in the list they contain. A student object exposes a list of
course codes, while a Professor exposes a list of subjects taught to students.

static void Main(string[] args)

{
Chapterl chl = new Chapterl();

Student student = new Student ();

student .Name = "Dirk";

student.LastName = "Strauss";

student .CourseCodes = new List<int> { 203, 202, 101 };

[31]
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chl.OutputInformation (student);

Professor prof = new Professor();
prof.Name = "Reinhardt";

prof.LastName = "Botha";
prof.TeachesSubjects = new List<string> {

"Mobile Development", "Cryptography" };

chl.OutputInformation (prof);
}

5. Run the console application and see the OutputInformation () method in
action.

B Chschcookbook\cookbook\bin'\Debug'cookbook.exe — O >

Student Dirk Strq is enrclled for courses 263, 2

Professor Reinhardt Botha teaches Mobile Development,Cry

[32]
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6. While the information we see in the console application is what we expect, we
can simplify the code in the OutputInformation () method much more with
pattern matching. To do this, modify the code as follows:

if (person 1is Student student)

{

}
if (person is Professor prof)

{
}

7. The first i f expression checks to see if the object person is of type Student. If
so, it stores that value in the student variable. The same logic is true for the
second if expression. If true, the value of person is stored inside the variable
prof. For code execution to reach the code between the curly braces of each i f
expression, the condition had to evaluate to true. We can, therefore, dispense
with the cast of the person object to a Student or Professor type, and just use
the student or prof variable directly, like so:

if (person is Student student)
{
WriteLine ($"Student {student.Name} {student.LastName}
is enrolled for courses {String.Join<int>
(", ", student.CourseCodes)}");

if (person is Professor prof)
{
WriteLine ($"Professor {prof.Name} {prof.LastName}
teaches {String.Join<string>
(",", prof.TeachesSubjects)}");
}

8. Running the console application again, you will see that the output is exactly the
same as before. We have, however, written better code that uses type pattern
matching to determine the correct output to display.

[33]
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F

Chschcookbook'\cookbook\ bin\Debug'cookbook.exe — O >

s5s is enrolled for courses

83,

nhardt Botha hes Mobile Development,Cryptography

9. Patterns, however, don't stop there. You can also use them in constant patterns,
which are the simplest type of pattern to use. Let's take a look at the check for the
constant null. With pattern matching we can enhance our
OutputInformation () method as follows:

public void OutputInformation (object person)
{
if (person is null)
{
WriteLine ($"Object {nameof (person)} is null");
}
}

10. Change the code that is calling the Output Information () method and set it to
null.

Student student = null;

[34]
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11. Run your console application and see the message displayed.

B Chschcookbook\cookbook\bin'\Debug'cookbook.exe — O >

Object person is null

It is good practice to use the nameof keyword here. If the variable name
person ever has to change, the corresponding output will be changed
also.

12. Lastly, switch statements in C# 7.0 have been improved to make use of pattern
matching. C# 7.0 allows us to switch on anything, not just primitive types and
strings. The case clauses now make use of patterns, which is really exciting. Let's
have a look at how to implement this in the following code examples. We will
keep using the student and Professor types to illustrate the concept of pattern
matching in switch statements. Modify the Output Information () method and
include the boilerplate switch statement as follows. The switch statement still
has defaults, but it can now do so much more.

public void OutputInformation (object person)

{

switch (person)

{

[35]
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default:
WriteLine ("Unknown object detected");
break;

}

13. We can expand the case statement to check for the Professor type. If it matches
an object to the Professor type, it can act on that object and use it as a
Professor type in the body of the case statement. This means we can call the
Professor-specific TeachesSubjects property. We do it like this:

switch (person)
{
case Professor prof:
WriteLine ($"Professor {prof.Name} {prof.LastName}
teaches {String.Join<string>
(",", prof.TeachesSubjects)}");
break;
default:
WriteLine ("Unknown object detected");
break;

}

14. We can also do the same for student types. Change the code of the switch as
follows:

switch (person)
{
case Student student:
WriteLine ($"Student {student.Name} {student.LastName}
is enrolled for courses {String.Join<int>
(", ", student.CourseCodes)}");
break;
case Professor prof:
WriteLine ($"Professor {prof.Name} {prof.LastName}
teaches {String.Join<string>
(",", prof.TeachesSubjects)}");
break;
default:
WriteLine ("Unknown object detected");
break;

[36]
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15. One final (and great) feature of case statements remains to be illustrated. We can
also implement a when condition, similar to what we saw in C# 6.0 with
exception filters. The when condition simply evaluates to a Boolean and further
filters the input that it triggers on. To see this in action, change the switch
accordingly:

switch (person)
{

case Student student when (student.CourseCodes.Contains (203)):

WriteLine ($"Student {student.Name} {student.LastName}
is enrolled for course 203.");

break;

case Student student:

WriteLine ($"Student {student.Name} {student.LastName}
is enrolled for courses {String.Join<int>
(", ", student.CourseCodes)}");

break;

case Professor prof:

WriteLine ($"Professor {prof.Name} {prof.LastName}
teaches {String.Join<string>(",",
prof.TeachesSubjects) }");

break;

default:

WriteLine ("Unknown object detected");
break;

}

16. Lastly, to come full circle and check for null values, we can modify our switch
statement to cater for those too. The completed switch statement is, therefore, as
follows:

switch (person)
{
case Student student when (student.CourseCodes.Contains (203)):
WriteLine ($"Student {student.Name} {student.LastName}
is enrolled for course 203.");
break;
case Student student:
WriteLine ($"Student {student.Name} {student.LastName}
is enrolled for courses {String.Join<int>
(", ", student.CourseCodes)}");
break;
case Professor prof:
WriteLine ($"Professor {prof.Name} {prof.LastName}
teaches {String.Join<string>
(",", prof.TeachesSubjects)}");

[37]
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break;
case null:
WriteLine ($"Object {nameof (person)} is null");
break;
default:

WriteLine ("Unknown object detected");
break;

}

17. Running the console application again, you will see that the first case statement
containing the when condition is triggered for the Student type.

B Chschcookbook\cookbookibin\Debug'cookbook.exe — O by

How it works...

With pattern matching, we saw that patterns are used to test whether a value is of a certain
type.

[38]
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You will also hear some developers say that they test whether the value
has a certain shape.

When we find a match we can get to the information specific to that type (or shape). We
saw this in the code where we accessed the CourseCodes property, which was specific to
the Student type and the TeachesSubjects property, which was specific to the
Professor type.

Lastly, you now need to pay careful attention to the order of your case statements, which
now matters. The case statement that uses the when clause is more specific than the
statement that simply checks for a Student type. This means that the when case needs to
happen before the Student case because both of these cases are of type Student. If the
Student case happens before the when clause, it will never trigger the switch for
Students that have course code 203.

Another important thing to remember is that the default clause will always be evaluated
last, irrespective of where it appears in the switch statement. It is, therefore, good practice
to write it as the last clause in a switch statement.

Out variables

C# 7.0 has taken a fresh look at out variables. This is a small change, but really one that
improves the readability and flow of the code. Previously, we first had to declare a variable
to use as an out parameter in a method. In C# 7.0 we no longer need to do that.

Getting ready

We will be using an often used method to test if a value is of a specific type. Yes, you
guessed it, we're going to be using TryParse. I can already hear some of you groan (or is it
just me?). Using TryParse is (for me anyway) such a bittersweet thing to do. It's great
being able to try and parse something to test if it is valid, but the use of the out variable
was never as neat and tidy as I would have liked. If you are not familiar with the TryParse
method, it is a method that tests to see if a value parses to a specific type. If it does,
TryParse will return a Boolean value of t rue ; otherwise, it will return false.
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How to do it...

1. The following code example will illustrate how we used to have to use TryParse
to check if a string value is a valid integer. You will notice that we had to declare
the integer variable intval, which was used as the out variable. The intval
variable would just sort of hang there in mid air, usually not initialized and
waiting to be used in TryParse.

string sValue = "500";

int intval;

if (int.TryParse(sValue, out intVal))

{
WriteLine ($"{intVal} is a valid integer");
// Do something with intVal

}

2. In C# 7.0 this has been simplified, as can be seen in the following code example.
We can now declare the out variable at the point where it is passed as an out
parameter, like so:

if (int.TryParse(sValue, out int intVval))

{
WriteLine ($"{intVal} is a wvalid integer");
// Do something with intVval

)3
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3. This is a small change, but a very nice one. Run the console application and check
the output displayed.

B Chschcookbook\cookbook\bin'\Debug'cookbook.exe — O >

a valid inte

4. As we are declaring the out variable as an argument to the out parameter, the
compiler will be able to infer what the type should be. This means that we can
also use the var keyword, like this:

if (int.TryParse(sValue, out var intVval))

{
WriteLine ($"{intVal} is a wvalid integer");
// Do something with intVal

}
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How it works...

The changes that C# 7.0 has made to out variables are not major. They are, however, a
major convenience to those developers who use it often. So far in this chapter, we have seen
the use of Tuples, pattern matching, and out variables. We can easily combine some of
what we have learned to create something truly unique. Consider the use of extension
methods, Tuples, and out variables. We can easily create an extension method called
ToInt () that has the following implementation:

public static (string originalValue, int integerValue, bool isInteger)
ToInt (this string stringValue)
{

var t = (original: stringValue, toIntegerValue: 0, isInt: false);

if (int.TryParse(stringValue, out var iValue))

{

t.toIntegerValue = iValue; t.isInt = true;
}

return t;

}

We create a Tuple literal that will be returned in the event of the TryParse returning false.
If the TryParseis true, I setthe t .toIntegervValue and t.isInt values. The code that
calls the extension method looks as follows:

var (original, intVal, isInteger) = sValue.ToInt();
if (isInteger)
{
WriteLine ($"{original} is a valid integer");
// Do something with intVal
}

When you run your console application, you will see that the output is exactly the same as
before. This just illustrates the power of the new features in C# 7.0 when combined with
each other. Throw some pattern matching into the mix, and we will have a very potent
extension method. I'll leave you folks to play around with this some more. There is a lot to
discover.
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Deconstruction

Tuples can be consumed using a deconstruction declaration. This simply splits a Tuple into
its individual parts and assigns these parts to new variables. This is called deconstruction,
and it is not only reserved for Tuples.

Getting ready

Remember when we used Tuples at the beginning of this chapter? Well we were using code
similar to the following to get the values returned by the Tuple literal.

var (average, studentCount) = chl.GetAverageAndCount (scores);

This was deconstructing the parts of the Tuple into the new variables average and
studentCount. I do not, however, want to take a look at Tuples again. What I want to do is
show how you can implement a deconstruction declaration on any type. To do this, all that
we need to do is ensure that the type has a deconstructor method. We will modify our
existing Student class to add a deconstructor.

How to do it...

1. If you created the Student class earlier, you should have something similar to
this in your code:

public class Student
{
public string Name { get; set; }
public string LastName { get; set; }
public List<int> CourseCodes { get; set; }
}

2. To create a deconstructor, add a Deconstruct method to your Student class.
You will notice that this is a void method that takes two out parameters (in this
instance). We then just assign the values of Name and LastName to the out
parameters.
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If we wanted to deconstruct more values in the Student class, we would
pass in more out parameters, one for each value we wanted to
deconstruct.

public void Deconstruct (out string name, out string lastName)
{

name = Name;

lastName = LastName;

}

3. Your modified student class should now look as follows:

public class Student

{
public string Name { get; set; }
public string LastName { get; set; }
public List<int> CourseCodes { get; set; }

public void Deconstruct (out string name, out string lastName)
{

name = Name;
lastName = LastName;

}

4. Consuming our student class (just like we did with Tuples) can now be
accomplished as follows:

Student student = new Student ();

student .Name = "Dirk";
student.LastName = "Strauss";
var (FirstName, Surname) = student;

WriteLine ($"The student name is {FirstName} {Surname}");
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5. Running the Console Application will display the deconstructed values returned
from the student class.

B Chschcookbook\cookbook\bin'\Debug'cookbook.exe — O *

The student name is Dirk -

6. Deconstructors can just as easily be used in extension methods. This is quite a
nice way to extend the existing type to include a deconstruction declaration. To
implement this, we need to remove the deconstructor from our student class.
You can just comment it out for now, but essentially this is what we are after:

public class Student

{
public string Name { get; set; }
public string LastName { get; set; }
public List<int> CourseCodes { get; set; }

}
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7. The Student class now does not contain a deconstructor. Head on over to the
extension methods class and add the following extension method:

public static void Deconstruct (this Student student,
out string firstItem, out string secondItem)
{
firstItem = student.Name;
secondItem = student.LastName;

}

8. The extension method acts on a Student type only. It follows the same basic
implementation of the deconstructor created earlier in the Student class itself.
Running the console application again, you will see the same result as before. The
only difference is that the code is now using the extension method to deconstruct
values in the Student class.

B Chschcookbook\cookbook\bin'\Debug'cookbook.exe — O >

The student name is Dirk 5
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How it works...

In the code example, we set the student name and last name to specific values. This was just
to illustrate the use of deconstruction. A more likely scenario would be to pass a student
number to the Student class (in the constructor perhaps), as follows:

Student student = new Student (studentNumber) ;

The implementation within the student class would then perform a database lookup using
the student number passed through in the constructor. This will then return the student
details. A more likely implementation of the student class would probably look as follows:

public class Student

{
public Student (string studentNumber)

{
(Name, LastName) = GetStudentDetails (studentNumber);

}

public string Name { get; private set; }

public string LastName { get; private set; }
public List<int> CourseCodes { get; private set; }

public void Deconstruct (out string name, out string lastName)

{
name = Name;
lastName = LastName;

private (string name, string surname) GetStudentDetails (string
studentNumber)

{
var detail = (n: "Dirk", s: "Strauss");
// Do something with student number to return the student details

return detail;

}

You will notice that the Get StudentDetails () method is just a dummy implementation.

This is where the database lookup will start and the values will be returned from here. The

code that calls the Student class now makes more sense. We call the student class, pass it
a student number, and deconstruct it to find the student's first name and surname.

Student student = new Student ("S20323742");
var (FirstName, Surname) = student;
WriteLine ($"The student name is {FirstName} {Surname}");
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Local functions

The use of local functions might seem a little strange at first. They are in fact quite often
used in most functional languages. C# 7.0 now allows us to do the same. So what exactly is
a local function? Well, think of it as a helper method for a specific method. This helper
method only really makes sense when used from the specific method and will not be
useful for other methods in your application. It, therefore, makes sense to use it inside your
existing method. Some might think that an extension method might be just as well suited,
but extension methods should really be used to extend the functionality of many other
methods. The usefulness of local functions will become evident in the following code
example.

Getting ready

There is nothing you need to specifically get ready or set up beforehand to be able to use
local functions. To illustrate the use of local functions, I will create a method that calculates
the floor space of a building after the common area space has been subtracted from the total
floor space.

How to do it...

1. Create a method called Get ShopfloorSpace () that takes three parameters: for
the common area space, the building width, and the building length.

public Building GetShopfloorSpace (int floorCommonArea,
int buildingWidth, int buildingLength)
{

}

2. We are returning a Building type, so create a class called Building that has a
single property called TotalShopFloorSpace.

public class Building

{
public int TotalShopFloorSpace { get; set; }

}
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3. Our local function will simply take the width and length of the building to
calculate the total floor area and then subtract the common area from that to get
the usable floor space for shops. The local function will look as follows:

int CalculateShopFloorSpace (int common, int width, int length)
{
return (width * length) - common;

}

4. This is where it gets interesting. Add the local function inside the
GetShopfloorSpace () method and add the rest of the code in the following
code example:

public Building GetShopfloorSpace (int floorCommonArea,
int buildingWidth, int buildingLength)

Building building = new Building();

building.TotalShopFloorSpace = CalculateShopFloorSpace (
floorCommonArea, buildingWidth, buildingLength);

int CalculateShopFloorSpace (int common, int width, int length)
{

return (width * length) - common;

return building;

}

5. In the calling code, inside the static void Main method, call the method as
follows:

Chapterl chl = new Chapterl();

Building bldng = chl.GetShopfloorSpace (200, 35, 100);

WriteLine ($"The total space for shops is
{bldng.TotalShopFloorSpace} square meters");
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6. Run your console application and see the output displayed as follows:

B Chschcookbook\cookbook\bin'\Debug'\cookbook.exe — O >

The tot

How it works...

The beauty of local functions is that you can call them from anywhere inside your method.
To illustrate this, add the following line of code just before the return statement of the
GetShopfloorSpace () method. This essentially overrides whatever we passed to the

method initially.

building.TotalShopFloorSpace = CalculateShopFloorSpace (10, 9, 17);

The modified method will now look like this:

public Building GetShopfloorSpace (int floorCommonArea, int buildingWidth,
int buildingLength)

{
Building building = new Building();

building.TotalShopFloorSpace = CalculateShopFloorSpace (
floorCommonArea, buildingWidth, buildingLength);

[50]




New Features in C# 7.0

int CalculateShopFloorSpace (int common, int width, int length)
{

return (width * length) - common;

}

building.TotalShopFloorSpace = CalculateShopFloorSpace (10, 9, 17);

return building;

}

Run your console application again. This time you will see that the values are totally
different. The second call to the local function overrode the first call and illustrates that the
local function can be called throughout the method containing it.

B Chschcookbook\cookbook\bin'\Debug'cookbook.exe — O >

he tots ace =

I can think of a few instances where I might have been able to use this in the past. It isn't
something I think that I'll use often. It is however a very nice addition to the C# language
and great that it is available to developers.
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Improvements to literals

This is another minor improvement to the C# language, but one that I'm sure will often be
used by developers. One of my first jobs as a young man was working for a logistics
company. These folks used to supply parts to Volkswagen, and the most critical parts were
flown in by air freight from Germany or elsewhere. I will never forget the 9- and 12-digit
shipping numbers the logistics people used to throw around in casual conversation. I
wondered how they were able to remember literally hundreds of varying shipping numbers
during the course of a year. After listening to them for a while, I noticed that they were
saying these numbers with slight pauses after every third number. Even just looking at the
12-digit number 395024102833 is visually taxing. Imagine doing this several times a day,
including memorizing the fast movers on the next shipment (I'm not even going to go into
the printed shipment manifest, which was a nightmare). It is, therefore, easier to think of the
number as 395-024-102-833 and this makes it easier to spot patterns. This is essentially
exactly what C# 7.0 now allows developers to do with literals.

Getting ready

Number literals can sometimes be difficult to read. This is why C# 7.0 introduces the
underscore (_) to act as a digit separator inside of number literals. C# 7.0 also introduces
binary literals, which allow you to specify bit patterns directly without needing to know
hexadecimal.

How to do it...

1. Add the following lines of code to your project. It is clear that the newNum literal
is easier to read, especially if you read it in groups of three.

var oldNum = 342057239127493;
var newNum = 342_057_239_127_493;
WriteLine ($"oldNum = {oldNum} and newNum = {newNum}");
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2. If you run the console application, you will see that the values of the two number
literals are exactly the same:

B Chschcookbook\cookbook\bin'\Debug'cookbook.exe — O >
oldNum

3. The same logic is true for binary literals. You can now express them as follows:

var binLit = 0b1010_1100_0011_0010_0001_0000;

How it works...

This is merely syntactical sugar for literals. I'm sure that there is much more to it going on
in the background, but the implementation of this in your code is really straightforward.

Ref returns and locals

Passing objects by reference in C# is nothing new. This is done using the ref keyword. In
C# 7.0, however, you can now return objects by reference and store these objects in a local
variable by reference.
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Getting ready

It is important to understand the concept of the ref keyword. When you pass a ref
parameter, you are working with the variable itself, not just the value of the variable. This
means that, if the value is changed, the original place in memory is updated, not only the
value which would be a copy of the parameter. This becomes clearer in the following
example.

How to do it...

1. Inside the Chapterl class, create a new method called GetLargest (). The
method is nothing special. It only gets the largest of two values and returns it to
the calling code.

public int GetLargest (int valueA, int wvalueB)
{
if (valueA > valueB)
return valuel;
else
return valueB;

}

2. Create a second method with the same name. Only this time, add the ref
keyword.

public ref int GetLargest (ref int valueA, ref int valueB)
{
if (valueA > valueB)
return ref valuel;
else
return ref valueB;

}

3. Inthe static void Main method, create an instance to the Chapter1 class and
call the GetLargest () method. Increment the variable val and write the
variable values to the console window.

int a = 10;

int b = 20;

Chapterl chl = new Chapterl();
int val = chl.GetLargest (a, b);
val += 25;
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WriteLine ($"val = {val} a = {a} b = {b} ");

4. Then, write the following code just after the previous calling code, but call the
ref chl.GetLargest () method. Increment the refval variable and write the

variable values to the console window.

ref int refval = ref chl.GetLargest (ref a, ref b);
refval += 25;

WriteLine ($"refval = {refval} a = {a} b = {b} ");

5. Run your console application and consider the output displayed.

B | Chsc\cockbookicookboolkbin\Debug'cookbook.exe - O >

How it works...

In the console window, you will see two very different results. Simply put, in the first line,
the variable a is the variable a, the variable b is the variable b, and the variable val is the

variable val.
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In the second line, the variablea is the variable a, the variable b is the variable b, and the
variable refval is the variable b. This is the whole crux of the re f keyword. In the first
GetLargest () method, we returned the largest value into the variable val. This value was
20. The variable val and the variable b had no relation to one another as they were
allocated different spaces in memory.

In the second GetLargest () method, we returned the largest variable itself (which was b)
into the variable refval. The variable refval therefore becomes an alias of the variable b
because they both point to the same space allocated in memory. To illustrate this even more
clearly, let us have a look at the memory addresses for the variables.

From the Project menu, go to the Properties of the current project. In the Build tab, check
the option to Allow unsafe code and save the properties.

m cookbook = g x
cookbook +® X -
Application ) . -
Configuration: | Active (Debug) ~
Build Events Platform: | Active (Any CPL) w
Deb
! General A

Resources

Services Conditional compilation symbols:

Settings Define DEBUG constant

Reference Paths Define TRACE constant

Signing Platform target: Any CPU A
Security Prefer 32-bit

Publish Allow unsafe code

Code Analysis

[J Optimize code
Errors and warnings

Warning level: 4 v

Suppress warnings:

Treat warnings as errors

® Mone
O Al
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Add the following code to your console application:

unsafe

{

IntPtr a_var_memoryAddress = (IntPtr) (&a);
IntPtr b_var_memoryAddress = (IntPtr) (&b);
IntPtr val_var_memoryAddress = (IntPtr) (&val);

fixed (int* refVal_var = &refVal)

{

IntPtr refval_var_memoryAddress = (IntPtr) (refval_var);

WriteLine ($"The memory address of a is {a_var_memoryAddress}");

WriteLine ($"The memory address of b is {b_var_memoryAddress}");

WriteLine ($"The memory address of val is {val_var_memoryAddress}");

WriteLine ($"The memory address of refval is
{refval_var_memoryAddress}");

This code is not really related to the recipe on ref returns and locals, so
I'm not even going to go into it in any detail. If you want to learn more
about pointers in C#, start with the MSDN article on Pointer types (C#
I%Dgrmnﬂﬁng(hﬁdd:https://msdn.microsoft.com/en—us/library/y31y
hkeb.aspx.

Run your console application and take a look at the memory addresses listed:

B Chschcookbook\cookbookibin\Debug\cookbook.exe - O x

of a is
of b is
of i

wmowmowon
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You will notice straightaway that variable b and variable refval have the same memory
address of 11531252, while variable b and variable val have different memory addresses.

So now for the million dollar question: Why is this feature in C# 7.0 even useful? Well,
simply put, it can improve performance. Many developers mention that it will be quite
useful for game programmers, who can now pass these aliases around to reference large
data structures. This means that they don't have to make a copy of a large array (for
example) in order to work with it. Using ref, they can create an alias that points to the
original memory location of the array and read or modify it directly. Thinking of it this way
suddenly brings the usefulness of this C# 7.0 feature into perspective.

Will I ever use it? I don't really know. Perhaps not often but, as with local functions, this
feature of C# 7.0 is really a great addition to the developer's toolkit. It solves some really
tricky problems when you want to get away from copying around large structures in your
code.

Generalized async return types

If you use async/await (if not, check it out) the following feature of C# 7.0 will come in
really handy. The only supported return types used to be Task<T>, Task, and void. Even
then, void was also only used with event handlers such as a button click. The challenge,
however, was that a Task<T> was allocated in situations where the result of the async
operation was available at the time of awaiting. But, what does this even mean? Well
consider an async method that returns a Task<T> : and that value has a time to live of
amount of seconds. If the async method is called within the time to live period, why go to
the trouble of allocating another Task<T> object? This is where the ValueTask<T> comes
into play; it will allow other types to be defined so that you can return them from an async
method. This, therefore, reduces the Task<T> allocations, which in turn will lead to
performance gains.
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Getting ready

Start off by creating a new WinForms application and performing the following steps:

1. Add a button, label, timer, and textbox to the Windows form.

Forml.cs [Design] B > REadisiRe- Program.cs

L Test ValueTask<T=> [o||= | = |

Test async |

label1

2. We need to add the System.Threading.Tasks.Extensions package from
NuGet to implement the ValueTask<T> struct. This process should be familiar
to you if you completed the Tuples recipe. Select the winform project and click
on the Install button.

Note that I am using Visual Studio 2017 RC while writing this book. You
probably will not need to add System.Threading.Tasks.Extensions
from NuGet in the final release.
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M cookbook - a x
:
Browse Installed Updates Consolidate Manage packages for Solution
Systemn. Threading.Tasks.Extensions % = & []Include prerelease  Package source: nuget.org

ifad System.Threading.Tasks.Exte
ffe4 System.Threading.Tasks.Extensions | v43.0

Provides additional types that simplify the work Version(s) - 0
of writing concurrent and asynchronous code.

[m]  Project ~
] cookbook
winform

4 3
Installed: not installed Uninstall
Each package is licensed to you by its owner. NuGet is not Version:  Latest stable 4.2.0
responsible for, nor does it grant any licenses to, third-party ’ -
packages.

Do not show this again
= J (%) Options

3. A confirmation screen will be displayed to allow you to review the changes that
are about to be made. Just click on OK. Accept the license agreement. Also make
sure that you have added this using statement to your project.

using System.Threading.Tasks;

We are now ready to write our code. The Windows app will call an async Task<T>
method if the time to live has passed. Once it does that, the method will read a value and
cache it. This cached value will be valid for 10 seconds (which is the time to live). If the
method is run within the time to live period, then the cached value will be used and
returned to the form. If the time to live has passed, the process repeats and the Task<T>
method is called. The implementation will become clearer when you review the following
code samples.
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How to do it...

1. Start by adding the following variables to your form.

double timerTtl = 10.0D;
private DateTime timeToLive;
private int cacheValue;

2. In the form load event, set the label with the timer text.

Strictly speaking, this is all just fluff. It's not really necessary when it
comes to illustrating generalized async return types, but it helps us to
visualize and understand the concept.

private void Forml_Load (object sender, EventArgs e)
{

1blTimer.Text = $"Timer TTL {timerTtl} sec (Stopped)";
}

3. Set the timer interval on the designer to 1000 ms and add the following code to
the timerl_Tick event.

private void timerl_Tick (object sender, EventArgs e)
{
if (timerTtl == 0)
{
timerTtl = 5;
}
else
{
timerTtl -= 1;
}
1blTimer.Text = $"Timer TTL {timerTtl} sec (Running)";
}

4. Now create a method that simulates some sort of longer running task. Delay this
for a second. Use the Random keyword to generate a random number and assign
it to the cachevalue variable. Set the time to live, start the timer, and return the
cached value to the calling code.

public async Task<int> GetValue ()

{
await Task.Delay (1000);
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Random r = new Random() ;
cacheValue = r.Next ();
timeToLive = DateTime.Now.AddSeconds (timerTtl) ;

timerl.Start ();
return cacheValue;

}

5. In the calling code, check to see if the time to live is still valid for the current
cached value. If the time to live has expired, run the code that allocates and
returns a Task<T> to get and set the cached value. If the time to live is still valid,
just return the cached integer value.

You will notice that I am passing a Boolean out variable to indicate that a
cached value has been read or set.

public ValueTask<int> LoadReadCache (out bool blnCached)
{
if (timeTolLive < DateTime.Now)
{
blnCached = false;
return new ValueTask<int> (GetValue());

}

else

{
blnCached = true;
return new ValueTask<int> (cachevValue);

}

6. The code for the button click uses the out variable i sCachedvalue and sets the
text in the textbox accordingly.

private async void btnTestAsync_Click (object sender, EventArgs e)
{
int ivVal = await LoadReadCache (out bool isCachedValue);
if (isCachedvalue)
txtOutput.Text = $"Cached value {ivVal} read";
else
txtOutput.Text = $"New value {ival} read";
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7. When you finish adding all the code, run your application and click on the Test
async button. This will read a new value from the Getvalue () method, cache it,

and start the time to live count down.

o5l Tect ValueTask<T> — O x

Testagync | [New value 1800892641 read

Timer TTL 4 sec (Running)

8. If you click on the button again before the time to live has expired, the cached
value is returned.

o5 Test ValueTask<T= — O >

Testasync | |Cached valus 1800892641 read

Timer TTL 1 sec (Running)

9. When the time to live expires, clicking on the Test async button will call the
GetValue () method again and the process repeats.

o5 Test ValueTask<T= — O >

Testasync | New value 1885339362 read |

Timer TTL 7 sec (Running)

How it works...

ValueTask<T> is a very nice addition to C# 7.0. Microsoft, however, does suggest that you
benchmark the performance of Task<T> versus ValueTask<T> when doing additional
optimizing of your methods. A simple optimization however would be to simply replace
the instances of Task<T> with ValueTask<T>.
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Expression bodies for accessors,
constructors, and finalizers

Expression-bodied members have been a big hit with the C# developer community, so
much so that Microsoft has expanded the allowed members that can be implemented as
expressions. You can now use this feature with:

¢ Constructors
e Finalizers (used when you need to release unmanaged code)
® get and set accessors on properties and indexers

Getting ready

There is nothing you specifically need to get ready in order to use this recipe. The following
code will make use of an old-versus-new approach to demonstrate the differences and
implementation of each.

How to do it...

1. Consider the class SomeClass. It contains a constructor, finalizer, and a
property.

public class SomeClass
{
private int _initialValue;

// Property
public int InitialValue
{
get
{
return _initialValue;

}

set
{
_initialValue = value;
}
}

[64]




New Features in C# 7.0

// Constructor
public SomeClass (int initialValue)

{

InitialValue = initialValue;

// Finalizer
~SomeClass ()

{

WriteLine ("Release unmanaged code");

}

2. With expression-bodied members, the class SomeClass can be simplified and the
number of lines of code reduced.

public class SomeClass

{

private int _initialValue;

public int InitialValue
{
get => _initialValue;
set => _initialValue = value;

public SomeClass (int initialvValue) =>
InitialValue = initialValue;
~SomeClass () => WriteLine ("Release unmanaged code");

How it works...

If you have used expression-bodied members before in C# 6.0, you will undoubtedly be
excited to use the expanded functionality. Personally, I'm really glad that constructors can
now be implemented as an expression.
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throw expressions

Traditionally, throw has been a statement in C#. As we know, because it is a statement and
not an expression, we could not use it in certain places. Thanks to expression-bodied
members, C# 7.0 introduced throw expressions. There isn't any difference in how an
exception is thrown, only in where you can throw them from.

Getting ready

Throwing exceptions is nothing new. You have been doing it ever since you have been
writing code. I will admit that throw expressions are a very welcome addition to C# and it's
all thanks to expression-bodied members.

How to do it...

1. To illustrate the use of a throw expression, create a method called
GetNameLength () in the Chapter1 class. All it does is check to see if the length
of a name is not zero. If it is, then the method will throw an exception right there
in the expression.

public int GetNamelength(string firstName, string lastName)
{
return (firstName.Length + lastName.Length) > 0 ?
firstName.Length + lastName.Length : throw new
Exception ("First name and last name is empty");

}

2. To see the throw expression in action, create an instance of the Chapter1 class
and call the GetNameLength () method. Pass it two blank strings as parameters.

try
{
Chapterl chl = new Chapterl();
int namelLength = chl.GetNameLength("", "");
}
catch (Exception ex)
{
WriteLine (ex.Message);

}
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3. Running your console application will then return the exception message as the
output.

B Chschcookbook\cookbook\bin'\Debug'cookbook.exe — O >

First name and last name is empty

How it works...

Being able to use throw expressions makes your code easier to write and easier to read. The
new features in C# 7.0 build on top of the fantastic foundation laid down by C# 6.0.
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Classes form the building blocks of software development and are essential for building
good code. In this chapter, we will be looking at classes and generics and why we need to
use them. The recipes we will be covering are as follows:

¢ Creating and implementing an abstract class
¢ Creating and implementing an interface

¢ Creating and using a generic class or method
¢ Creating and using a generic interface

Introduction

As you probably know, classes are simply containers for related methods and properties to
describe an object in your software. An object is an instance of a specific class and,
sometimes, mimics real-world things. When thinking of a car, you might create a vehicle
class that contains certain attributes (properties) that all vehicles contain, such as automatic
or manual transmission, wheel count (not all vehicles have only four wheels), or fuel type.

When we create an instance of the vehicle class, we can create a car object, an SUV object,
and so on. Here lies the power of classes, which is to describe the world around us and
translate it into a programming language that a compiler can understand.
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Creating and implementing an abstract class

Many developers have heard about abstract classes, but their implementation is a mystery.
How can you as a developer identify an abstract class and decide when to use one? The
definition is quite a simple one actually. Once you understand this fundamental definition
of an abstract class, when and why to use one becomes obvious.

Imagine for a moment that you are developing an application that manages the animals in a
cat sanctuary. The cat sanctuary rehabilitates lions, tigers, jaguars, leopards, cheetahs,
pumas, and even domestic cats. The common noun that describes all these animals is the
word cat. You can, therefore, safely assume that the abstraction of all these animals is a cat,
and thus, this word identifies our abstract class. You would then create an abstract class
called cat.

However, you need to keep in mind that you will never ever create an instance of the
abstract class Cat. All the classes that inherit from the abstract class also share some
functionality. This means that you will create a Lion class and a Tiger class that inherit
from the abstract class Cat. In other words, the inherited classes are a kind of cat. Both
classes share functionality in the form of Sleep (), Eat (), Hunt (), and various other
methods. In this way, we can ensure that inherited classes all contain this common
functionality.

Getting ready

Let's go ahead and create our abstract class for cat. We will then use it to inherit from and
create other objects to define different types of cats.

How to do it...

1. Create a new console application in Visual Studio and call it
ClassesAndGenerics.

2. Add an abstract class called cat. To do this, add the abstract keyword to the
class. We are now ready to describe the Cat abstract class:

public abstract class Cat
{

}
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The abstract keyword indicates to us that the object it is applied to has
no implementation. When used in a class declaration, it basically tells the
compiler that the class is to be used as a base class. This means that no
instance of the class can be created. The only way in which
implementation of the abstract class happens is when it is implemented by
derived classes that inherit from the base class.

3. Your console application code should now look as follows:

class Program

{
static void Main(string[] args)
{
}

}

public abstract class Cat

{
}

4. Add three methods to the abstract class called Eat (), Hunt (), and Sleep (). You
will note that these methods don't contain a body (curly braces). This is because
they have been defined as abstract. As with abstract classes, the abstract methods
contained within the abstract class contain no implementation. These three
methods basically describe functionality that is common to all cats. All cats must
eat, hunt, and sleep. Therefore, to ensure that all classes that inherit from the cat
abstract class contain this functionality, it is added to the abstract class. These
methods are then implemented in the derived classes, which we will see in the
upcoming steps:

public abstract class Cat

{
public abstract void Eat();
public abstract void Hunt ();
public abstract void Sleep();

}

5. We want to define two types of cats. The first type of cat we want to define is a
lion. For this, we create a Lion class:

public class Lion

{

}
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6. At this point in time, the Lion class is simply an ordinary class and does not

contain any common functionality defined in the Cat abstract class. To inherit
from the cat abstract class, we need to add : cat after the Lion class name. The
colon indicates that the Lion class inherits from the cat abstract class. The Lion
class is therefore a derived class of the Cat abstract class:

public class Lion : Cat

{
}

As soon as you specify that the Lion class inherits from the Cat class, Visual
Studio will show you an error. This is expected, because we have told the
compiler that the Lion class needs to inherit all the features of the Cat abstract
class, but we have not actually added these features to the Lion class. The derived
class is said to override the methods in the abstract class, and needs to specifically
be written with the override keyword.

7. If you hover over the red squiggly line underlining the Lion class, Visual Studio

will offer an explanation for the error via the lightbulb feature. As you can see,
Visual Studio is telling you that while you have defined the class to be inheriting
from the abstract class, you have not implemented any of the abstract members of
the cat class:

1
¥

public class Licn : Cat
T P T

z = class ClassesAndGenerics.Lion
'‘Licn' does not implement inherited abstract member 'Cat.Sleep()’
'‘Licn' does not implement inherited abstract member 'Cat.Hunt(})'
'‘Licn' does not implement inherited abstract member 'Cat.Eat()’

Show potential fixes (Ctrl+.)
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You can, therefore, see that using abstract classes is a fantastic way to
enforce specific functionality within your system. If you define abstract
members in an abstract class, the derived classes that inherit from that
abstract class must implement those members; otherwise, your code will
not compile. This can be used to enforce standards and practices adopted
by your company or to simply allow other developers to implement
certain best practices as they use your base class for their derived classes.
With the advent of code analyzers in Visual Studio 2015, the practice of
enforcing certain code best practices is easily enforced.

8. To implement these members that Visual Studio is warning us about, place your
mouse cursor on the Lion class name and hit Ctrl +. (period). You can also click
on the Show potential fixes link in the lightbulb popup. Visual Studio will give
you a small heads up, displaying the changes it will make to your code. You can
preview these changes by clicking on the Preview changes link as well as fix all
occurrences in the document, project, or solution by clicking on the appropriate
link:

public class Lion : Cat

1 7~

B Implement Abstract Class |I| €3 50534 'Lion' does not implement inherited abstract member 'Cat.Eat()’

public owerride woid Eat()

{
}

¥
}

Preview changes

Fix all occurrences in: Document | Project | Solution
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After Visual Studio has added the changes displayed in the suggestions
window, your Lion class will be correct and will look like the code listing in
the following step.

9. You will notice that Visual Studio automatically adds a
NotImplementedException exception with the following line of code in each
overridden method throw new NotImplementedException();:

public class Lion : Cat
{
public override void Eat ()
{
throw new NotImplementedException();

}

public override void Hunt ()
{
throw new NotImplementedException();

}

public override void Sleep()
{
throw new NotImplementedException () ;
}
}

This is the default behavior of Visual Studio when overriding methods in
the base class. Basically, if you had to instantiate the Lion class without
writing any implementation in the overridden methods, a runtime
exception would be generated. The idea of inheriting from our abstract
class was to extend it and implement common functionality. This is where
we need to implement that functionality, and this is the reason there is no
implementation in the abstract class. The abstract class just tells us that the
following methods need to be implemented. The derived class does the
actual implementation.

10. Go ahead and add some implementation to the overridden methods of the Lion
class. First, add the using static statement for the Console.WriteLine
method to the top of your class file:

using static System.Console;
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11. Then, add the implemented code for the methods as follows:

public override void Eat ()
{

WriteLine ($"The {LionColor} lion eats.");

public override void Hunt ()
{

WriteLine ($"The {LionColor} lion hunts.");

public override void Sleep()
{
WriteLine ($"The {LionColor} lion sleeps.");

}

12. Next, we will create another class called Tiger that also derives from the abstract
class cat. Follow step 7 to step 10 to create the Tiger class and inherit the cat
abstract class:

public class Tiger : Cat

{
public override void Eat ()
{

throw new NotImplementedException () ;

public override wvoid Hunt ()
{

throw new NotImplementedException () ;

public override void Sleep()
{
throw new NotImplementedException () ;
}

13. Add the same implementation for the Tiger class as follows:

public override void Eat ()
{
WriteLine ($"The {TigerColor} tiger eats.");

public override void Hunt ()
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14.

15.

16.

17.

{
WriteLine ($"The {TigerColor} tiger hunts.");

}

public override void Sleep()

{
WriteLine ($"The {TigerColor} tiger sleeps.");

}

For our Lion class, add an enumerator for ColorSpectrum and a property called
LionColor. It is here that the implementations of the Lion and Tiger classes
will differ. While they both must implement the common functionality specified
in the abstract class, namely, Eat (), Hunt (), and Sleep (), only the lion can
have a color of either brown or white in its available range of colors:

public enum ColorSpectrum { Brown, White }
public string LionColor { get; set; }

Next, add the Lion () constructor in our Lion class. This will allow us to specify
a color for the lions in the cat sanctuary. The constructor also takes as a parameter
a variable of the ColorSpectrum enumerator type:

public Lion(ColorSpectrum color)

{
LionColor = color.ToString();

}

Slightly similar to this, but quite different in color, the Tiger class can only have
a ColorSpectrumenumeration that defines tigers as being orange, white, gold,
blue (yes, you actually get a blue tiger), or black. Add the ColorSpectrum
enumerator to the Tiger class as well as a property called TigerColor:

public enum ColorSpectrum { Orange, White, Gold, Blue, Black }
public string TigerColor { get; set; }

Finally, we will create a Tiger () constructor for our Tiger class to set the colors
of tigers in the cat sanctuary to the valid colors that tigers are found in. By doing
this, we are separating certain functionality specific only to tigers and lions in
their respective classes, while all the common functionality is contained in the
abstract class Cat:

public Tiger (ColorSpectrum color)

{

TigerColor = color.ToString();

}
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18. We now need to instantiate the Lion and Tiger classes from the console
application. You will see that we set the respective cat's color from the

constru

Lion
lion
lion
lion

Tige
tige
tige
tige

ctor:

lion = new Lion(Lion.ColorSpectrum.White);
.Hunt () ;

.Eat ()

.Sleep();

r tiger = new Tiger (Tiger.ColorSpectrum.Blue);
r.Hunt () ;

r.Eat ();

r.Sleep();

ReadLine () ;

19. When you run your console application, you see that the methods are called in
sequence:

B Chec\coo

White
White
White
Blue
Blue
Blue

kbook\ClassesAndGenerics\ ClassesAnd Genericsibin'... - O X
lion
lion
lion
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How it works...

While the example illustrated earlier is a rather simplistic one, the theory is sound. The
abstract class takes collective functionality across all cats and groups so that it can be shared
inside each derived class. No implementation exists in the abstract class; it only defines
what needs to happen. Think of abstract classes as a type of blueprint for classes that inherit
from the abstract class.

While the content of the implementation is up to you, the abstract class requires that you
add the abstract methods it defines. From here on, you can create a solid foundation for
similar classes in your applications that are supposed to share functionality. This is the goal
of inheritance. Let's recap the features of an abstract class:

¢ You can't instantiate an abstract class with the new keyword.
¢ You can only add abstract methods and accessors to an abstract class.

* You can never modify an abstract class as sealed. The sealed modifiers
prevents inheritance, while abstract requires inheritance.

Any class derived from your abstract class must include the implementations of
the abstract methods that were inherited from the abstract class.

Because abstract methods inside the abstract class have no implementation, they
don't contain a body either.

Creating and implementing an interface

For many developers, interfaces are equally confusing and their purpose not clearly
understood. Interfaces are actually quite easy to get to grips with once you understand the
concept that defines an interface.

Interfaces act like verbs. So, for example, if we had to create two classes called Lion and
Tiger that derive from the Ccat abstract class, the interface would describe some sort of
action. Lions and tigers can roar (but not purr). We can then create an interface called
IRoarable. If we had to derive a class called Cheetah from our abstract class Cat, we
would not be able to use the IRoarable interface, because cheetahs purr. We would need
to create an IPurrable interface.
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Getting ready

Creating an interface is very similar to creating an abstract class. The difference is that the
interface is describing what the class can do, in the case of the Cheetah class, by
implementing IPurrable.

How to do it...

1. If you haven't already done so in the previous recipe, create an abstract class
called cat:

public abstract class Cat

{
public abstract void Eat();
public abstract void Hunt ();
public abstract void Sleep();

}

2. Next, add a class called Cheetah that inherits from the Cat abstract class:

public class Cheetah : Cat
{

}

3. Assoon as you inherit from the Cat abstract class, Visual Studio will show you a
warning via the lightbulb feature. As you inherited from the abstract class Cat,
you have to implement the abstract members within the abstract class in your
derived class Cheetah:

public class Chestah : Cat

i
h

= #3 class ClassesAndGenerics.Cheetah
'Cheetah’ does not implement inherited abstract member 'Cat.Eat()’
'Cheetah’ does not implement inherited abstract member 'Cat.Hunt()'

'Cheetah’ does not implement inherited abstract member 'Cat.5leep()

Show potential fixes (Ctrl+.)
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4. This is easily fixable by typing Ctrl +. (period) and fixing all occurrences in the
document. You can also do this for the project or solution. For our purpose, we
only select the Document link at the bottom of the lightbulb suggestions. Visual
Studio will automatically add the abstract methods defined in the abstract class to
implement inside your Cheetah class:

public class Chestah : Cat

I .

L Implement Abstract Class E‘ € 50534 'Cheetah’ does not implement inherited abstract member
'Cat.Hunt()'

public owverride wold Eat()
{

}

throw new NotImplementedException();

public owverride woid Hunti}
i
throw new NotImplementedException();

}

public owerride woid Sleep()
{
throw new MNotImplementedException();

}

Preview changes

Fix all occurrences in: Document | Project | Solution

5. You will notice that Visual Studio adds just the methods you need to override but
will throw Not ImplementedException if you try to use the class as is. The
reason for using an abstract class is to implement the functionality defined in the
abstract class Cat in the derived class Cheetah. Not doing so contravenes the
rules for using abstract classes:

public class Cheetah : Cat

{
public override void Eat ()
{
throw new NotImplementedException () ;
}

public override void Hunt ()

{
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throw new NotImplementedException();

}

public override void Sleep()
{
throw new NotImplementedException();
}
}

6. To add some implementation, modify your Cheetah class as follows. The
implementation in the overridden methods is simple, but this validates the rule of
writing some sort of implementation in the overridden methods:

public class Cheetah : Cat
{
public override void Eat ()
{
WriteLine ($"The cheetah eats.");
}

public override void Hunt ()
{

WriteLine ($"The cheetah hunts.");
}

public override void Sleep()
{

WriteLine ($"The cheetah sleeps.");
}

You will notice that the WwriteLine method is used without the Console
class. This is because we are using a new feature introduced in C# 6.0 that
allows developers to bring static classes into scope by adding the using
static System.Console; statement to the top of your class file.

7. Create an interface called IPurrable that will be implemented in the Cheetah

class. A common naming convention for interfaces dictates that the interface
name should be prefixed with a capital I:

interface IPurrable

{

}
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8. Next, we will add a method to the interface that any class implementing the
interface must implement. You will notice that the interface's SoftPurr method
contains no implementation at all. It, however, specifies that we will need to pass
this method an integer value for the decibel that the Cheetah class will purr at:

interface IPurrable

{
void SoftPurr (int decibel);
}

9. The next step is to implement the TPurrable interface in the Cheetah class. To
do this, we need to add the IPurrable interface name after the cat abstract class
name. If the Cheetah class did not inherit from the abstract class, then the
interface name would simply follow after the colon:

public class Cheetah : Cat, IPurrable
{
public override void Eat ()
{
WriteLine ($"The cheetah eats.");
t

public override void Hunt ()
{

WriteLine ($"The cheetah hunts.");
t

public override void Sleep()
{
WriteLine ($"The cheetah sleeps.");
t
t

10. After specifying that the Cheetah class implements the IPurrable interface,
Visual Studio once again displays a warning via the lightbulb feature. It is
warning us that the Cheetah class does not implement the SoftPurr method
defined in the interface TPurrable:
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L public class Cheetah : Cat, IPurrable

1
public override woid Eat()
1
WriteLine(%$"The cheetah eats.");
¥

public owverride woid Hunt()

1

WriteLine(3"The cheetah hunts.™};

11. As we did earlier, we can let Visual Studio suggest possible fixes for the problems
encountered by typing Ctrl +. (period). Visual Studio suggests that the interface
can be implemented implicitly or explicitly:

public class Cheetah : Cat, IPurrable

{ o -
public override voi Implement interface IZ‘ €3 50535 'Cheetah’ does not implement interface member
. . Implement interface explicitly 'IPurrable.SoftPurr(int)’
WriteLine($"The ... ., "
¥
public woid SoftPurr{int decibel}
: . : {
?Ubllc override void Hunt() throw new NotImplementedException();
1
WriteLine(3"The cheetah hunts.™); }
} s
Preview changes
public override void Sleep() Fix all occurrences in: Document | Project | Solution
1
WriteLine(3"The cheetah sleeps.™);
¥
}
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12. Knowing when to use an implicit or explicit implementation is also quite easy.
We first need to know when using one over the other would be preferred. Let's
start off by implementing the SoftPurr method implicitly by selecting the first
option in the lightbulb suggestion. You will see that this uses the SoftPurr
method defined in the TPurrable interface as if it were part of the Cheetah
class:

public class Cheetah : Cat, IPurrable
{
public void SoftPurr (int decibel)
{
throw new NotImplementedException () ;

}

public override void Eat ()
{

WriteLine ($"The cheetah eats.");
}

public override void Hunt ()
{

WriteLine ($"The cheetah hunts.");
}

public override void Sleep()
{
WriteLine ($"The cheetah sleeps.");
}
}

13. If we look at the SoftPurr method, it looks like a normal method inside the
Cheetah class. This would be fine unless our Cheetah class already contains a

property called SoftPurr. Go ahead and add a property called softPurr to
your Cheetah class:

public class Cheetah : Cat, IPurrable
{
public int SoftPurr { get; set; }

public void SoftPurr (int decibel)
{
throw new NotImplementedException();

}

public override void Eat ()

{
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WriteLine ($"The cheetah eats.");
}

public override wvoid Hunt ()

{
WriteLine ($"The cheetah hunts.");

}

public override void Sleep()

{
WriteLine ($"The cheetah sleeps.");

}
}

14. Visual Studio immediately displays a warning by telling us that the Cheetah
class already contains a definition for SoftPurr:

public class Cheetah : Cat, IPurrable

1

public int SoftPurr { get; set; }

public woid SoftPurr{int decibel)

1
h

throw new @ woid Cheetah.SoftPurr(int decibel)

The type 'Cheetah’ already contains a definition for 'SoftPurr’

public override woid Eat()

1
}

WriteLine(%"The cheetah eats.");
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15. It is here that the use of an explicit implementation becomes evident. This
specifies that the SoftPurr method is a member of the implementation defined
in the IPurrable interface:

public class Cheetah : Cat, IPurrable

{ 0~
public override voii Implement interface €3 50535 'Cheetah’ does not implement interface member
{ . . Implermnent interface explicitly IZ‘ IPurrable.SoftPurr(int)’
WriteLine($"The . oei cecv .
}
void IPurrable.SoftPurr{int decibel})
; ; ; i
EUbllc override void Hunt(:] throw new NotImplementedException();
}
WriteLine($"The cheetah hunts.™); }
}
Preview changes
public override void Sleep() Fix all occurrences in: Document | Project | Solution
1
WriteLine($"The cheetah sleeps."};
h
h

16. Therefore, selecting the second option to implement the interface explicitly will
add the softPurr method to your Cheetah class as follows:

public class Cheetah : Cat, IPurrable
{
public int SoftPurr { get; set; }

void IPurrable.SoftPurr (int decibel)
{

throw new NotImplementedException();

public override void Eat ()
{
WriteLine ($"The cheetah eats.");

public override void Hunt ()
{
WriteLine ($"The cheetah hunts.");

public override void Sleep()
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{
WriteLine ($"The cheetah sleeps.");

}

The compiler now knows that this is an interface that is being implemented
and is therefore a valid line of code.

17. For the purposes of this book, let's just use the implicit implementation. Let's
write some implementation for the SoftPurr method and use the new nameof
keyword (introduced in C# 6.0) as well as the interpolated string for the output.
Also, remove the softPurr property added earlier:

public void SoftPurr (int decibel)
{
WriteLine ($"The {nameof (Cheetah)} purrs at {decibel} decibels.");

}

18. Heading over to our console application, we can call our Cheetah class as
follows:

Cheetah cheetah = new Cheetah();
cheetah.Hunt () ;

cheetah.Eat ();

cheetah.Sleep();
cheetah.SoftPurr (60);
ReadLine () ;
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19. Running the application will produce the following output:

B Chsc\cookbook\ClassesAndGenencs\ ClassesAndGenericsibin'... — O 4

The ch

The cheetah e:
The cheetah

The Ch h

How it works...

So, you might be wondering what the difference between an abstract class and an interface
is. It basically comes down to where you want your implementation. If you need to share
functionality between derived classes, then an abstract class is the best fit for your needs. In
other words, we had specific things that were common to all cats (lions, tigers, and
cheetahs) such as hunting, eating, and sleeping. This is then best used within an abstract
class.

If your implementation is specific to a class or several classes (but not all classes), then your
best course of action would be to use an interface. In this case, the IPurrable interface can
be applied to several classes (for example, cheetahs and domestic cats) but can't be applied

to all cats (such as lions and tigers), because not all cats can purr.

Knowing this difference and where you need to place your implementation will aid you in
deciding whether you need to use an abstract class or an interface.

[87]



Classes and Generics

Creating and using a generic class or
method

Generics is a very interesting way of writing code. Instead of specifying the data type of the
elements in the code at design time, you can actually delay the specification of those
elements until they are used in code. This basically means that your class or method can
work with any data type.

Getting ready

We will start off by writing a generic class that can take any data type as a parameter in its
constructor and do something with it.

How to do it...

1. Declaring a generic class is actually very easy. All that we need to do is create the
class with the generic type parameter <T>:

public class PerformAction<T>

{
}

The generic type parameter is basically a placeholder for a specific type
that will need to be defined when the class of variable is instantiated. This
means that the generic class PerformAction<T> can never just be used
without specifying the type argument inside angle brackets when
instantiating the class.

2. Next, create a private variable of the generic type parameter T. This will hold
the value we pass to the generic class:

public class PerformAction<T>

{

private T _value;

}
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3. We now need to add a constructor to the generic class. The constructor will take
as parameter a value of type T. The private variable _value will be set to the
parameterpassed to the constructor:

public class PerformAction<T>
{

private T _value;

public PerformAction (T value)
{

_value = value;
}

4. Finally, to complete our generic class, create a void return method called
IdentifyDataType (). All that this is going to do is tell us what data type we

passed to the generic class. We can find the type of the variable using
GetType ():

public class PerformAction<T>
{

private T _value;

public PerformAction (T value)
{

_value = value;

public void IdentifyDataType ()
{
WriteLine ($"The data type of the supplied variable
is {_value.GetType () }");

}

5. To see the true beauty of our generic class in action, instantiate the generic class
in the console application and specify different data type arguments inside the
angle brackets of each new instantiation:

PerformAction<int> iAction = new PerformAction<int> (21);
iAction.IdentifyDataType () ;

PerformAction<decimal> dAction = new

PerformAction<decimal> (21.55m);
dAction.IdentifyDataType();
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PerformAction<string> sAction = new
PerformAction<string> ("Hello Generics");
sAction.IdentifyDataType () ;

ReadLine () ;

6. Running your console application will output the given data types that you
instantiated the generic class with each time:

B Chechcookbookh\ ClassesfindGenerics\ Classesfind Genericsh bin'... — O >

the supplied variable
supplied variable
e supplied variable

e i
AW\

We used the exact same class but let it perform with three very different data
types. This kind of flexibility is a very powerful feature in your code.

Another feature of C# is that you can constrain the generic types implemented:

1. We can do this by telling the compiler that only types that implement the
IDisposable interface can be used with the generic class. Change your generic
class by adding where T : IDisposable toit. Your generic class should now
look like this:

public class PerformAction<T> where T : IDisposable

{

private T _value;
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public PerformAction (T value)
{

_value = value;

}

public void IdentifyDataType ()
{
WriteLine ($"The data type of the supplied variable
is {_value.GetType()}");

}

2. Go back to the console application and take a look at the previous instantiations
of the generic class:

PerformAction<int> iAction = new PerformAction<int>(21);
iAction.IdentifyDataType();

PerformActicn<decimal> dAction = new Performécticon<decimals>(21.55m);
daction.IdentifyDataType();

FerformAction<string> sAction = new PerformAction<string>("Hello Generics"};
sAction.IdentifyDataType();

Visual Studio will tell you that the types underlined by the red squiggly lines
do not implement IDisposable and therefore can't be supplied to the
PerformAction generic class.

3. Comment out those lines of code and add the following instantiation to your
console application:

DataSet dsData = new DataSet ();

PerformAction<DataSet> oAction = new
PerformAction<DataSet> (dsData) ;

oAction.IdentifyDataType();

Note that for this to work, you might need to add using System.Data;
to your code file. This is needed so that you can declare a DatasSet.
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4. Asyou might know, a DatasSet type implements IDisposable and therefore it
is a valid type to pass to our generic class. Go ahead and run the console
application:

e supplied variable 1

The DatasSet type is valid, and the generic class performs as expected,
identifying the type of the parameter passed to the constructor.

But what about generic methods? Well, just like generic classes, generic methods also do not
specify their type at design time. It is only known when the method is called. Let's take a
look at the following implementation of the generic methods:

1. Let's go ahead and create a new helper class called MyHelperClass:
public class MyHelperClass

{
}
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2. Inside this helper class, we will create a generic method called InspectType.
What is interesting about this generic method is that it can return multiple types
because the return type is also marked with the generic type parameter. Your
generic method does not have to return anything. It can also be declared as void:

public class MyHelperClass

{
public T InspectType<T>(T value)
{

}
}

3. Toillustrate that this generic method can return multiple types, we will output
the type passed to the generic method to the console window and then return
that type and display it in the console application. You will notice that you need
to cast the return type as (T) when returning it:

public class MyHelperClass
{
public T InspectType<T>(T value)
{
WriteLine ($"The data type of the supplied parameter
is {value.GetType () }");

return (T)value;
}

4. In the console application, go ahead and create an enumerator called MyEnum. The
generic method can also accept enumerators:

public enum MyEnum { Valuel, Value2, Value3 }
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5. After creating the enumerator, add the following code to the console application.
We are instantiating and calling the oHelper class and passing different values to
it:

MyHelperClass oHelper = new MyHelperClass();
var intExample = oHelper.InspectType (25);
WriteLine ($"An example of this type is {intExample}l");

var decExample = oHelper.InspectType (11.78m);
WriteLine ($"An example of this type is {decExample}");

var strExample = oHelper.InspectType ("Hello Generics");
WriteLine ($"An example of this type is {strExample}");

var enmExample = oHelper.InspectType (MyEnum.Value2);
WriteLine ($"An example of this type is {enmExample}l");

ReadLine () ;

6. If you run the console application, you will see that the generic method correctly
identifies the type of the parameter passed to it and then returns that type to the
calling code in the console application:

B Chschcookbookh\ClassesfAndGenericsh ClassesAndGenerics\bin' DebughCl... — O ot

data type of ; ameter tem.Int32
thi 3
of : 5upplled parameter tem.Decimal
thi ype is 11.
of : ed pa eter stem.S5tring

thi

ClassesAndGenerics.MyEnum
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Generic methods can be used in a multitude of situations. This is, however, only an
introduction to generic classes and methods. It is recommended that you do further
research to learn how to implement generics in your code appropriately.

How it works...

At the heart of generics lies the ability to reuse a single class or method. It allows developers
to essentially not repeat similar code throughout your code base. This conforms well to the
Don't Repeat Yourself (DRY) principle. This design principle states that a specific bit of
logic should be represented in code only once.

Using generic classes, for example, also allows developers to create a class that is type safe
when compiling. Type safe basically means that the developer can be assured of the type of
the object and can use the class in a specific way without experiencing any unexpected
behavior. Therefore, the compiler takes over the burden of type safety.

Generics also allow developers to write less code, because code can be reused and less code
also performs better.

Creating and using a generic interface

Generic interfaces work in much the same way as the previous examples in generics. Let's
assume that we want to find the properties of certain classes in our code, but we can't be
sure how many classes we will need to inspect. A generic interface could come in very
handy here.

Getting ready

We need to inspect several classes for their properties. To do this, we will create a generic
interface that will return a list of all the properties found for a class as a list of strings.
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How to do it...

Let's take a look at the following implementation of the generic interface as follows:

1. Go ahead and create a generic interface called IListClassProperties<T>. The
interface will define a method that needs to be used called GetPropertyList ()
that simply uses a LINQ query to return a List<string> object:

interface IListClassProperties<T>

{
List<string> GetPropertyList();

}

2. Next, create a generic class called InspectClass<T>. Let the generic class
implement the IListClassProperties<T> interface created in the previous
step:

public class InspectClass<T> : IListClassProperties<T>
{

}

3. Asusual, Visual Studio will highlight that the interface member
GetPropertyList () has not been implemented in the InspectClass<T>
generic class:

public class InspectClass<T» : IListClassProperties<T>

R P PP PP PP,

}

*9Q interface ClassesAndGenerics.|ListClassProperties<T»
'InspectClass<T>" does not implement interface member 'IListClassProperties<T>.GetPropertyList()'

Show potential fices (Ctrl+.)
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4. To show any potential fixes, type Ctrl +. (period) and implement the interface
implicitly:

public class InspectClass<T> : IlistClassProperties<T>

SV

i Implement interface III €3 50535 'InspectClass<T>' does not implement interface member
Implement interface explicitly "IListClassProperties < T> . GetPropertyList()'

public List<string> GetPropertyList() |
I
throw new NotImplementedException(); ]

}

Preview changes

Fix all occurrences in: Document | Project | Selution

5. This will create the GetPropertyList () method in your InspectClass<T>
class without any implementation. You will add the implementation in a
moment. If you try to run your code without adding any implementation to the
GetpropertyList () method, the compiler will throw
NotImplementedException:

public class InspectClass<T> : IListClassProperties<T>

{
public List<string> GetPropertyList ()
{
throw new NotImplementedException () ;
}
}

6. Next, add a constructor to your InspectClass<T> class that takes a generic type
parameter and sets it equal to a private variable _classToInspect thatyou also
need to create. This is setting up the code that we will use to instantiate out class.
We will pass to the object we need a list of properties from the constructor, and
the constructor will set the private variable _classToInspect so that we can use
it in our GetPropertyList () method implementation:

public class InspectClass<T> : IListClassProperties<T>
{

T _classTolInspect;

public InspectClass (T classToInspect)

{

_classToInspect = classToInspect;
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}

public List<string> GetPropertyList ()
{

throw new NotImplementedException();
}
}

7. To finish off our class, we need to add some implementation to the
GetPropertyList () method. It is here that the LINQ query will be used to
return a List<string> object of all the properties contained in the class
supplied to the constructor:

public List<string> GetPropertyList ()
{
return _classToInspect.GetType ()
.GetProperties () .Select (p => p.Name).ToList();
}

8. Moving to our console application, go ahead and create a simple class called
Invoice. This is one of several classes that can be used in the system, and the
Invoice class is one of the smaller classes. It usually just holds invoice data
specific to a record in the invoices records of the data store you connect to. We
need to find a list of the properties in this class:

public class Invoice

{
public int ID { get; set; }
public decimal TotalValue { get; set; }
public int LineNumber { get; set; }
public string StockItem { get; set; }
public decimal ItemPrice { get; set; }
public int Qty { get; set; }

}

9. We can now make use of our InspectClass<T> generic class that implements
the IListClassProperties<T> generic interface. To do this, we will create a
new instance of the Invoice class. We will then instantiate the
InspectClass<T> class, passing the type in the angle brackets and the
oInvoice object to the constructor. We are now ready to call the
GetPropertyList () method. The result is returned to a List<string> object
called 1stProps. We can then run foreach on the list, writing the value of each
property variable to the console window:

Invoice oInvoice = new Invoice();
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InspectClass<Invoice> oClassInspector = new
InspectClass<Invoice> (oInvoice);
List<string> lstProps = oClassInspector.GetPropertyList();

foreach (string property in lstProps)
{
WritelLine (property);
}
ReadLine () ;

10. Go ahead and run the code to see the output generated by inspecting the
properties of the Invoice class:

B Chechcookbookh\ ClassesAndGenericsh ClassesAnd Generics\ binh... - O =

As you can see, the properties are listed as they exist in the Invoice class.
The IListClassProperties<T> generic interface and the
InspectClass<T> class don't care what type of class they need to inspect.
They will take any class and run the code on it and produce a result.

[99]



Classes and Generics

However, the preceding implementation still poses a slight problem. Let's take a look at one
of the variations of this problem:

1. Consider the following code in the console application:

InspectClass<int> oClassInspector = new InspectClass<int>(10);
List<string> lstProps = oClassInspector.GetPropertyList();
foreach (string property in lstProps)
{

WriteLine (property);
}
ReadLine () ;

You can see that we have easily passed an integer value and type to the
InspectClass<T> class, and the code does not show any warnings at all. In fact,
if you ran this code, nothing would be returned and nothing outputs to the

console window. What we need to do is implement the constraints on our generic
class and interface.

2. At the end of the interface implementation after the class, add the where T
class clause. The code now needs to look like this:

public class InspectClass<T> : IListClassProperties<T>
where T : class

T _classTolInspect;
public InspectClass (T classToInspect)
{

_classToInspect = classToInspect;

}

public List<string> GetPropertyList ()
{
return _classTolInspect.GetType () .GetProperties()
.Select (p => p.Name) .ToList () ;
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3. If we returned to our console application code, you will see that Visual Studio has

underlined the int type passed to the InspectClass<T> class:

List<string> lstProps = oClassInspector.GetPropertylList(};
foreach (string property in lstProps)

1
b

WriteLine(property);

InspectClass<int> oClassInspector = new InspectClass<int>(1@);

The reason for this is because we defined a constraint against our generic class
and interface. We told the compiler that we only accept reference types. Therefore,
this applies to any class, interface array, type, or delegate. Our Invoice class will

therefore be a valid type, and the constraint will not apply to it.

We can also be more specific in our type parameter constraints. The reason for this is that
we perhaps do not want to constrain the parameters to reference types. If we, for example,
wanted to button down the generic class and interface to only accept classes created inside
our current system, we can implement a constraint that the argument for T needs to be

derived from a specific object. Here, we can use abstract classes again:

1. Create an abstract class called AcmeObject and specify that all classes that inherit

from AcmeObject implement a property called ID:

public abstract class AcmeObject
{

public abstract int ID { get; set; }
}

2. We can now ensure that objects we create in our code which we need to read the
properties from are derived from AcmeObject. To apply the constraint, modify
the generic class and place the where T : AcmeObject constraint after the

interface implementation. Your code should now look like this:

public class InspectClass<T> : IListClassProperties<T>
where T : AcmeObject
{
T _classTolInspect;
public InspectClass (T classToInspect)
{
_classToInspect = classToInspect;

}
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public
{

List<string> GetPropertyList ()

return _classTolInspect.GetType () .GetProperties|()

}

.Select (p => p.Name).ToList();

3. In the console application, modify the Invoice class to inherit from the
AcmeObject abstract class. Implement the ID property as defined in the abstract

class:

public class Invoice : AcmeObject

{
public
public
public
public
public
public

}

override int ID { get; set; }
decimal TotalValue { get; set; }
int LineNumber { get; set; }
string StockItem { get; set; }
decimal ItemPrice { get; set; }
int Qty { get; set; }

4. Create two more classes called SalesOrder and CreditNote. This time,
however, only make the SalesOrder class inherit from AcmeObject. Leave the
CreditNote object as is. This is so that we can clearly see how the constraint can

be applied:

public class SalesOrder : AcmeObject

{
public
public
public
public
public
public

override int ID { get; set; }
decimal TotalValue { get; set; }
int LineNumber { get; set; }
string StockItem { get; set; }
decimal ItemPrice { get; set; }
int Qty { get; set; }

public class CreditNote

{
public
public
public
public
public
public

int ID { get; set; }

decimal TotalValue { get; set; }
int LineNumber { get; set; }
string StockItem { get; set; }
decimal ItemPrice { get; set; }
int Qty { get; set; }

[102]



Classes and Generics

5. Create the code needed to get the property list for the Invoice and SalesOrder
classes. The code is straightforward, and we can see that Visual Studio does not
complain about either of these two classes:

Invoice olInvoice = new Invoice();

InspectClass<Invoice> oInvClassInspector = new
InspectClass<Invoice> (oInvoice);

List<string> invProps = oInvClassInspector.GetPropertyList();

foreach (string property in invProps)
{
WriteLine (property);
}
ReadLine () ;
SalesOrder oSalesOrder = new SalesOrder();
InspectClass<SalesOrder> oSoClassInspector = new
InspectClass<SalesOrder> (oSalesOrder) ;
List<string> soProps = oSoClassInspector.GetPropertyList ();

foreach (string property in soProps)
{
WriteLine (property);
}
ReadLine () ;

6. If, however, we had to try do the same for our CreditNote class, we will see that
Visual Studio will warn us that we can't pass the CreditNote class to the
InspectClass<T> class because the constraint we implemented only accepts
objects that derive from our AcmeObject abstract class. By doing this, we have
effectively taken control over exactly what we allow to be passed to our generic
class and interface by means of constraints:

CreditMote oCreditNote = new CreditNote();
InspectClass<Credithote> olredClassInspector = new InspectClass<Credithote>(oCredithote);

List<string> credProps = olredClassInspector.GetPropertyList();

foreach (string property in credProps)

1

WriteLine(property);
¥
ReadLine();
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How it works...

Speaking of generic interfaces, we have seen that we can implement behavior on a generic
class by implementing a generic interface. The power of using the generic class and generic
interface is well illustrated earlier.

Having said that, we do believe that knowing when to use constraints is also important so
that you can close down your generic classes to only accept specific types that you want.
This ensures that you don't get any surprises when someone accidentally passes an integer

to your generic class.

Finally, the constraints that you can use are as follows:

where
where
where

where

H = 4

T:
base class

struct: The type argument must be any value types

class: The type argument must be any reference types

new () : The type argument needs to have a parameterless constructor
<base class name>: The type argument must derive from the given

where T: <T must derive from object>: T The type arg was must derive
must derive from the object after the colon

where T: <interface>: The type argument must implement the interface
specified
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Object-Oriented Programming
in C#

This chapter will introduce you to the foundation of C# and object-oriented programming
(OOP). In this chapter, you will cover the following recipes:

¢ Using inheritance in C#

¢ Using abstraction

¢ Leveraging encapsulation

¢ Implementing polymorphism
e Single responsibility principle

Open/closed principle

Exception handling

Introduction

During your career as a creator of software, you will hear the term OOP many times. This
design philosophy allows for objects to exist independently and can be reused by different
sections of code. This is all made possible by what we refer to as the four pillars of OOP:
inheritance, encapsulation, abstraction, and polymorphism.
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In order to grasp this, you need to start thinking of objects (which are basically instantiated
classes) that perform a specific task. Classes need to adhere to the SOLID design principle.
This principle is explained here:

e Single responsibility principle (SRP)

Open/closed principle

Liskov substitution principle (LSP)
e Interface segregation principle
¢ Dependency inversion principle

Let's start off with an explanation of the four pillars of OOP, after which we will take a look
at the SOLID principle in more detail.

Using inheritance in C#

In today's world, inheritance is usually associated with the end of things. In OOP, however,
it is associated with the beginning of something new and better. When we create a new
class, we can take an already existing class and inherit it on our new class. This means that
our new object will have all the features of the inherited class as well as the additional
features added to the new class. This is at the root of inheritance. We call a class that inherits
from another a derived class.

Getting ready

To illustrate the concept of inheritance, we will create a few classes that inherit from another
to form new, more feature-rich objects.

How to do it...

1. Create a new console application and add a class called SpaceShip to your
console application.

public class SpaceShip
{

}
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2. Our SpaceShip class will contain a few methods that describe the basics of a
spaceship. Go ahead and add these methods to your SpacesShip class:

public class SpaceShip

{
public

void ControlBridge ()

void MedicalBay (int patientCapacity)

void EngineRoom (int warpDrives)

void CrewQuarters (int crewCapacity)

void TeleportationRoom ()

Because the spaceship class forms part of all other intergalactic vessels, it
becomes the blueprint for every other vessel.

3. Next, we want to create a Destroyer class. To accomplish this, we will create a
Destroyer class and use a colon after the class name to indicate that we want to
inherit from another class (the Spaceship class). Therefore, the following needs
to be added when creating the Destroyer class:

public class Destroyer : SpaceShip

{

}

We can also say that the Destroyer class is derived from the SpaceShip
class. The SpaceShip class is therefore the base class of all other
intergalactic vessels.
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4. Next, add a few methods to the Destroyer class that are unique to a destroyer.

These methods belong only to the Destroyer class and not to the Spaceship
class:

public class Destroyer : SpaceShip
{
public void WarRoom ()

{

}
public void Armory (int payloadCapacity)
{

}

public void WarSpecialists (int activeBattalions)

{

}
}

5. Finally, create a third class called Annihilator. This is the most powerful
intergalactic vessel and is used to wage war on planets. Let the
Annihilator class inherit from the Destroyer class by creating the class and
marking it derived from the Destroyer class as follows:

public class Annihilator : Destroyer

{

}

6. Finally, add a few methods to the Annihilator class that only belong to this
type of SpacesShip class:

public class Annihilator : Destroyer
{

public void TractorBeam()

{

}

public void PlanetDestructionCapability ()
{

}
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7. What we see now is that when we create a new instance of the SpaceShip class
in our console application, only the methods defined in that class are available to
us. This is because the Spaceship class does not inherit from any other classes:

static void Main(string[] args)

1

Spaceship transporter = new SpaceShip(};

transporter.
ContrelBridge

CrewQuarters
EngineRoom
Equals
GetHashCode
GetType
MedicalBay
TeleportaticnRoom
ToString

eocaecaeaaea i

8. Go ahead and create the SpaceShip class with its methods in the console
application:

SpaceShip transporter = new SpaceShip();
transporter.ControlBridge () ;
transporter.CrewQuarters (1500) ;
transporter.EngineRoom(2) ;
transporter.MedicalBay (350);
transporter.TeleportationRoom() ;

You will see that these are the only methods available to us when
instantiating a new instance of this class.
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9. Next, create a new instance of the Destroyer class. You will notice that the
Destroyer class contains more methods than what we defined when we created
the class. This is because the Destroyer class is inheriting the Spaceship class
and therefore inherits the methods of the SpaceShip class:

Destroyer warship = new Destroyer();
warship.

|Arr‘r1|:|r}r |"'L

ControlBridge
CrewCuarters
EngineRoom
Equals
GetHashCode
GetType
MedicalBay

TeleportaticnRoom -

ool

10. Go ahead and create the Destroyer class with all its methods in the console
application:

Destroyer warShip = new Destroyer();
warShip.Armory (6);
warShip.ControlBridge () ;
warShip.CrewQuarters (2200);
warShip.EngineRoom (4) ;
warShip.MedicalBay (800) ;
warShip.TeleportationRoom() ;
warShip.WarRoom() ;
warShip.WarSpecialists (1) ;

11. Finally, create a new instance of the Annihilator class. This class contains all
the methods of the Destroyer class as well as the methods from the SpaceShip
class. This is because Annihilator inherits from the Dest royer, which, in turn,
inherits from SpaceShip:
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Annihilator planetClassDestroyer = new Annihilator();
planetClassDestroyer.

|Awﬂuw' |‘

ControlBridge

CrewCuarters

EngineRoom

Equals

GetHashCode

GetType

MedicalBay
PlanetDestructionCapability -
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12. Go ahead and create the Annihilator class with all its methods in the console

application:

Annihilator planetClassDestroyer = new Annihilator();

planetClassDestroyer
planetClassDestroyer

planetClassDestroyer.
.EngineRoom (7) ;

.MedicalBay (3500);
.PlanetDestructionCapability();

planetClassDestroyer
planetClassDestroyer
planetClassDestroyer

planetClassDestroyer.
planetClassDestroyer.
.WarRoom () ;

.WarSpecialists(3);

planetClassDestroyer
planetClassDestroyer

How it works...

.Armory (12);
.ControlBridge () ;

CrewQuarters (4500) ;

TeleportationRoom() ;
TractorBeam() ;

We can see that inheritance allows us to easily extend our classes by reusing functionality
that already exists within another class created earlier. You also need to be aware though
that any changes to the SpacesShip class will be inherited, all the way up to the top-most

derived class.
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Inheritance is a very powerful feature of C# that allows developers to write less code, and
reuse working and tested methods.

Using abstraction

With abstraction, we take from the object we want to create the basic functionality that all
objects derived from the abstracted object must have. To explain this in simple terms, we

abstract the common functionality and put it in a single class that will be used to provide

this shared functionality to all classes that inherit from it.

Getting ready

To explain abstraction, we will use abstract classes. Imagine that you are dealing with
trainee space astronauts who need to progress through the ranks as they get trained. The
truth is that once you as trainee learn a new skill, that skill is learned and will remain with
you even though you learn more advanced ways to do things. You must also implement all
the previous skills learned in the new object you create. Abstract classes demonstrate this
concept very nicely.

How to do it...

1. Create an abstract class called SpaceCadet. This is the first type of astronaut you
can get when starting with training. The abstract class and its members are
defined using the abstract keyword. A thing to note is that abstract classes
cannot be instantiated. The members represent the skills that SpaceCadet will
have, such as negotiation and basic weapons training;:

public abstract class SpaceCadet

{
public abstract void ChartingStarMaps();
public abstract void BasicCommunicationSkill();
public abstract void BasicWeaponsTraining();
public abstract void Negotiation();
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2.

Next, create another abstract class called SpacePrivate. This abstract class
inherits from the SpaceCadet abstract class. What we are basically saying is that

when a space cadet is trained as a space private, they will still have all the skills
learned as a space cadet:

public abstract class SpacePrivate : SpaceCadet

{

public abstract void AdvancedCommunicationSkill ();
public abstract void AdvancedWeaponsTraining();
public abstract void Persuader();

}

To demonstrate this, create a class called LabResearcher and inherit the
SpaceCadet abstract class. Inheriting from the abstract class is done by defining
a colon and abstract class name after the newly created class name. This tells the
compiler that the LabResearcher class inherits from the SpaceCadet class:

public class LabResearcher : SpaceCadet

{

Because we are inheriting an abstract class, the compiler will underline the
LabResearcher class name to warn us that the derived class does not
implement any of the methods in the SpaceCadet abstract class.

4. If you hover your mouse over the squiggly line, you will see that the lightbulb tip
provides us with the issues discovered:

public class LabResearcher : SpaceCadet

1
}

P E v N

#2 class ObjectOrientedProg.LabResearcher

'LabResearcher' does not implement inherited abstract member 'SpaceCadet.BasicCommunicationSkill ()’
'LabResearcher' does not implement inherited abstract member 'SpaceCadet.Negetiation()’
‘LabResearcher’ does not implement inherited abstract member 'SpaceCadet.BasicWeaponsTraining()'

‘LabResearcher' does not implement inherited abstract member 'SpaceCadet.ChartingStarMaps()’

Show potential fixes (Ctrl+.)
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5. Visual Studio does a great job of providing a solution to the issues discovered. By
typing Ctrl +. (control key and period), you can let Visual Studio show you some
potential fixes (in this case, only one fix) for the issues identified:

public class LabResearcher : SpaceCadet
{ ? -
} Implement Abstract Class E‘ 9 50534 'LabResearcher' does not implement inherited abstract member

‘SpaceCadet.ChartingStarMaps()'

public owerride void BasicCommunicationskill()

{
}

throw new NotImplementedException();

public owerride woid BasicweaponsTraining()
{
throw new NotImplementedException();

}

public override void ChartingStarMaps()

{
throw new NotImplementedException();

}

public override void Megotiation()

{
throw new NotImplementedException();

}

Preview changes

Fix all occurrences in: Document | Project | Solution

6. After Visual Studio has added the required methods, you will see that these are
the same methods defined in the SpaceCadet abstract class. Abstract classes,
therefore, require the classes inheriting from the abstract class to implement the
methods defined in the abstract class. You will also notice that the methods
added to the LabResearcher class contain no implementation and will throw an
exception if used as is:

public class LabResearcher : SpaceCadet

{

public override void BasicCommunicationSkill ()

{

thrownewNot ImplementedException () ;

publicoverridevoid BasicWeaponsTraining ()

{
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thrownewNotImplementedException () ;

publicoverridevoid ChartingStarMaps ()

{

thrownewNot ImplementedException () ;

publicoverridevoid Negotiation ()

{

thrownewNot ImplementedException () ;

. Next, create a class called PlanetExplorer and make this class inherit from the

SpacePrivate abstract class. You will remember that the SpacePrivate
abstract class inherited from the SpaceCadet abstract class:

public class PlanetExplorer : SpacePrivate

{

. Visual Studio will once again warn you that your new class does not implement

the methods of the abstract class that you are inheriting from. Here, however, you
will notice that the lightbulb tip informs you that you are not implementing any
of the methods in the SpacePrivate and SpaceCadet abstract classes. This is
because the SpacePrivate abstract class is inheriting from the SpaceCadet
abstract class:

{
¥

public class PlanstExplorer : SpacePrivate
MR AA AR EL

L

£ #3 class ObjectOrientedProg.PlanetExplorer
'PlanetExplorer’ does not implement inherited abstract member 'SpacePrivate.AdvancedWeaponsTraining ()
'PlanetExplorer’ does not implement inherited abstract member 'SpaceCadet.Negotiation()'
'PlanetExplorer’ does not implement inherited abstract member 'SpaceCadet.BasicCommunicationSkill()’
'PlanetExplorer’ does not implement inherited abstract member 'SpaceCadet.BasicWeaponsTraining()'
'PlanetExplorer’ does not implement inherited abstract member 'SpaceCadet.ChartingStarMaps()'
'PlanetExplorer’ does not implement inherited abstract member 'SpacePrivate.Persuader()’

'PlanetExplorer’ does not implement inherited abstract member 'SpacePrivate.Advanced CommunicationSkill()

Show potential fixes (Ctrl+.)
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9. As before, to fix the issues identified, type Ctrl +. (control key and period) and let
Visual Studio show you some potential fixes (in this case, only one fix) for the
issues identified.

10.

After the fixes have been added to your code, you will see that the
PlanetExplorer class contains all the methods in the SpacePrivate and
SpaceCadet abstract classes:

public class PlanetExplorer : SpacePrivate

{

public override void AdvancedCommunicationSkill ()

{

throw new NotImplementedException();

public override void AdvancedWeaponsTraining ()

{

throw new NotImplementedException () ;

public override void BasicCommunicationSkill ()

{

throw new NotImplementedException () ;

public override void BasicWeaponsTraining ()

{

throw new NotImplementedException();

public override void ChartingStarMaps ()

{

throw new NotImplementedException();

public override void Negotiation ()

{

throw new NotImplementedException();

public override void Persuader ()

{

throw new NotImplementedException();
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How it works...

Abstraction has allowed us to define a common set of functionality that is to be shared
among all the classes that derive from the abstract classes. The difference between
inheriting from the abstract class and a normal class is that with an abstract class, you have
to implement all the methods defined in that abstract class.

This makes the class easy to version and change. If you need to add new functionality, you
can do so by adding that functionality to the abstract class without breaking any of the
existing code. Visual Studio will require that all inherited classes implement the new
method defined in the abstract class.

You can, therefore, be assured that the change applied will be implemented in all your
classes that derive from the abstract classes in your code.

Leveraging encapsulation

What is encapsulation? Simply put, it is hiding the inner workings of a class that aren't
necessary for the implementation of that class. Think of encapsulation as follows: most
people who own a car know that it runs on gas- they don't need to know the inner working
of an internal combustion engine to be able to use a car. They only need to know that they
need to fill it up with gas when it is close to empty and that they need to check the oil and
tyre pressure. Even then, it is usually not done by the car owner. This is true for classes and
encapsulation.

The owner of the class is the one who uses it. The inner workings of that class need not be
exposed to the developer using the class. The class is, therefore, like a black box. You know
that the class will be consistent in its functionality, given the correct set of parameters. How
exactly the class gets to the output is of no concern to the developer as long as the input is
correct.

Getting ready

To illustrate the concept of encapsulation, we will create a class that is somewhat complex
in its inner working. We need to calculate the thrust-to-weight ratio (TWR) of a space
shuttle to determine whether it will be able to take off vertically. It needs to exert more
thrust than its weight to counteract gravity and get into a stable orbit. This also depends on
which planet the shuttle takes off, because different planets exert different gravitational
forces on objects on their surface. In simple terms, the TWR must be greater than one.
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How to do it...

1. Create a new class called LaunchsSuttle. Then, add the following private
variables to the class for engine thrust, the mass of the shuttle, the local
gravitational acceleration, the constant values for the gravity of the Earth, Moon,
and Mars (these are constants because they will never change), the universal
gravitational constant, and an enumerator for the planet we are dealing with:

public class LaunchShuttle
{

private double _EngineThrust;
private double _TotalShuttleMass;
private double _LocalGravitationalAcceleration;

private const double EarthGravity = 9.81;
private const double MoonGravity = 1.63;
private const double MarsGravity = 3.75;
private double UniversalGravitationalConstant;

public enum Planet { Earth, Moon, Mars }

}

2. To our class, we will add three overloaded constructors that are essential to
perform the calculation of the TWR based on the known facts at the time of
instantiation (we assume that we will always know the engine thrust capability
and mass of the shuttle). We will pass the gravitational acceleration for the first
constructor. This is useful if we know beforehand what that value will be. For
example, the gravitational acceleration of the Earth is 9.81 m/s.

The second constructor will use the P1anet enumerator to calculate the TWR
that uses the constant variable values.

The third constructor will use the radius and mass of the planet to calculate
the gravitational acceleration, when those values are known, to return the
TWR:

public LaunchShuttle (double engineThrust,
double totalShuttleMass, double gravitationalAcceleration)

{

_EngineThrust = engineThrust;
_TotalShuttleMass = totalShuttleMass;
_LocalGravitationalAcceleration = gravitationalAcceleration;

[118]



Object-Oriented Programming in C#

public LaunchShuttle (double engineThrust,
double totalShuttleMass, Planet planet)

_EngineThrust = engineThrust;
_TotalShuttleMass = totalShuttleMass;
SetGraviationalAcceleration (planet);

public LaunchShuttle (double engineThrust, double
totalShuttleMass, double planetMass, double planetRadius)

_EngineThrust = engineThrust;
_TotalShuttleMass = totalShuttleMass;
SetUniversalGravitationalConstant () ;
_LocalGravitationalAcceleration = Math.Round (
CalculateGravitationalAcceleration (
planetRadius, planetMass), 2);
}

3. In order to use the second overloaded constructor that passes the Planet
enumerator as a parameter to the class, we need to create another method that
has been scoped as private to calculate the gravitational acceleration. We also
need to set the _LocalGravitationalAcceleration variable to the specific
constant that matches the enumerator value. This method is something that the
user of the class does not need to see in order to use the class. It is, therefore,
scoped as private in order to hide that functionality from the user:

private void SetGraviationalAcceleration (Planet planet)
{
switch (planet)
{
case Planet.Earth:
_LocalGravitationalAcceleration = EarthGravity;
break;
case Planet.Moon:
_LocalGravitationalAcceleration = MoonGravity;
break;
case Planet.Mars:
_LocalGravitationalAcceleration = MarsGravity;
break;
default:
break;

[119]




Object-Oriented Programming in C#

4. Of the following methods, only one is defined as public and will, therefore, be
visible to the user of the class. Create the private methods to set the universal
gravitational constant and to calculate the TWR and the gravitational
acceleration. These are all scoped as private, because the developer does not need
to know what these methods do in order to use the class:

private void SetUniversalGravitationalConstant ()
{
UniversalGravitationalConstant = 6.6726 * Math.Pow (10, -11);

private double CalculateThrustToWeightRatio ()
{
// TWR = Ft/m.g > 1
return _EngineThrust / (_TotalShuttleMass *
_LocalGravitationalAcceleration);

private double CalculateGravitationalAcceleration (
double radius, double mass)

return (UniversalGravitationalConstant * mass) /
Math.Pow (radius, 2);

public double TWR()
{

return Math.Round(CalculateThrustToWeightRatio (), 2);
3

5. Finally, in your console application, create the following variables with their
known values:

double thrust = 220; // kN

double shuttleMass = 16.12; // t

double gravitationalAccelerationEarth = 9.81;
double earthMass = 5.9742 * Math.Pow (10, 24);
double earthRadius = 6378100;

double thrustToWeightRatio = 0;
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6. Create a new instance of the Launchshuttle class and pass it the values needed
to calculate the TWR:

LaunchShuttle NasaShuttlel = new LaunchShuttle (thrust,
shuttleMass, gravitationalAccelerationEarth);

thrustToWeightRatio = NasaShuttlel.TWR() ;

Console.WritelLine (thrustToWeightRatio);

7. When you use the dot operator on the NasaShuttlel variable, you will notice
that the IntelliSense only shows the TWR method. The class exposes nothing of the
inner workings of how it gets to the calculated TWR value. The only thing that
the developer knows is that the Launchshutt le class will consistently return the
correct TWR value, given the same input parameters:

Launchshuttle NasaShuttlel = new LaunchShuttle(thrust, shuttleMass, graviatatonalAccelerationEarth);
thrustToWeightRatio = NasaShuttlel.

@ Equals

@ GetHashCode

@ GetType

@ ToString

[ TWR double LaunchShuttle. TWR(

8. To test this, create two more instances of the LaunchShuttle class and call a
different constructor each time:

LaunchShuttle NasaShuttle2 = new LaunchShuttle (thrust,
shuttleMass, LaunchShuttle.Planet.Earth);

thrustToWeightRatio = NasaShuttle2.TWR() ;

Console.WritelLine (thrustToWeightRatio);

LaunchShuttle NasaShuttle3 = new LaunchShuttle (
thrust, shuttleMass, earthMass, earthRadius);

thrustToWeightRatio = NasaShuttle3.TWR() ;

Console.Writeline (thrustToWeightRatio);

Console.Read();
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9. If you run your console application, you will see that the same value is returned
for the TWR. The value indicates that a shuttle weighing 16.12 tons with a rocket
that puts out 220 kilonewtons of thrust will be able to lift off the surface of the
Earth (if only just):

How it works...

The class uses the scoping rules to hide certain functionality inside the class from the
developer using the class. As mentioned earlier, the developer does not need to know how
the calculations are done to return the value for the TWR. This all aids in making the class
more useful and easy to implement. Here is a list of the various scopes available in C# along
with their uses:

e public: This is used with variables, properties, types, and methods and is visible
anywhere.

e private: This is used with variables, properties, types, and methods and is
visible only in the block where they are defined.
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e protected: This is used with variables, properties, and methods. Don't think of
this in terms of public or private. The protected scope is only visible inside the
class in which it is used as well as in any inherited classes.

e Friend: This is used with variables, properties, and methods and can only be
used by code in the same project or assembly.

e ProtectedFriend: This is used with variables, properties, and methods and is a
combination (as the name suggests) of the protected and friend scopes.

Implementing polymorphism

Polymorphism is a concept that is quite easy to grasp once you have looked at and
understood the other pillars of OOP. Polymorphism literally means that something can
have many forms. This means that from a single interface, you can create multiple
implementations thereof.

There are two subsections to this, namely, static and dynamic polymorphism. With static
polymorphism, you are dealing with the overloading of methods and functions. You can
use the same method, but perform many different tasks.

With dynamic polymorphism, you are dealing with the creation and implementation of
abstract classes. These abstract classes act as a blueprint that tells you what a derived class
should implement. The following section looks at both.

Getting ready

We will begin by illustrating the use of an abstract class, which is an example of dynamic
polymorphism. We will then create overloaded constructors as an example of static
polymorphism.

How to do it...

1. Create an abstract class called shuttle and give it a member called TWR, which is
the calculation of the TWR of the shuttle:

public abstract class Shuttle

{
public abstract double TWR();

}

[123]



Object-Oriented Programming in C#

2. Next, create a class called NasaShuttle and have it inherit from the abstract
class shuttle by putting the abstract class name after a colon at the end of the
NasaShuttle class declaration:

public class NasaShuttle : Shuttle
{

}

3. Visual Studio will underline the NasaShuttle class because you have told the
compiler that the class inherits from an abstract class, but you have not yet
implemented the members of that abstract class:

public class NasaShuttle : Shuttle

{ = 7 #z class ObjectOrientedProg.NasaShuttle

' ‘MasaShuttle’ does not implement inherited abstract member "Shuttle TWR()'
Show potential fixes (Ctrl+.)

4. To fix the issues identified, type Ctrl +. (control key and period) and let Visual
Studio show you some potential fixes (in this case, only one fix) for the issues
identified:

public class NasaShuttle : Shuttle
{ 9 -
} Implement Abstract Class I:‘ @ C505334 'MasaShuttle’ does not implerent inherited abstract member

'Shuttle TWR()'

public override double TWR() |
|
throw new NotImplementedException(); ]

}

Preview changes

Fix all occurrences in: Docurment | Project | Solution
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5. Visual Studio then adds the missing implementation to your NasaShuttle class.
By default, it will add it as not implemented, because you are required to provide
implementation for the abstract member you overrode in the abstract class:

public class NasaShuttle : Shuttle

{
public override double TWR ()

{

throw new NotImplementedException();
}
}

6. Create another class called RoscosmosShuttle and inherit from the same
Shuttle abstract class:

public class RoscosmosShuttle : Shuttle
{

}

7. As before, Visual Studio will underline the RoscosmosShuttle class because
you have told the compiler that the class inherits from an abstract class, but you
have not yet implemented the members of that abstract class.

8. To fix the issues identified, type Ctrl +. (control key and period) and let Visual
Studio show you some potential fixes (in this case, only one fix) for the issues
identified.

9. The overridden method is then added to the RoscosmosShuttle class as not
implemented. You have just seen an example of dynamic polymorphism in
action:

public class RoscosmosShuttle : Shuttle

{
public override double TWR ()

{

throw new NotImplementedException();

}
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10. To see an example of static polymorphism, create the following overloaded
constructor for NasaShuttle. The constructor name stays the same, but the
signature of the constructor changes, which makes it overloaded:

public NasaShuttle (double engineThrust,
double totalShuttleMass, double gravitationalAcceleration)

{
}

public NasaShuttle (double engineThrust,
double totalShuttleMass, double planetMass,
double planetRadius)

{

}

How it works...

Polymorphism is something you will easily be using already by simply applying good
object-oriented principles to the design of your classes. With the abstract Shuttle class, we
saw that the class took on the shape of the NasaShuttle class and the

RoscosmosShuttle class when it was used to derive those new classes from its abstraction.
The constructor of the Nasashuttle class was then overridden to provide the same method
name, but implemented using different signatures.

This is at the heart of polymorphism. Most likely, you have been using it without knowing
about it.

Single responsibility principle

When talking about SOLID principles, we will start off with the single responsibility
principle (SRP). Here, we are actually saying that a class has a specific task that it needs to
fulfill and it should not do anything else.
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Getting ready

You will create a new class and write code to log an error to the database when an exception
is thrown on adding more troops to the star ship, causing it to be over capacity. For this
recipe, ensure that you have added using System.Data; and using
System.Data.SglClient; namespaces to your application.

How to do it...

1. Create a new class called starShip:

public class Starship
{

}

2. To your class, add a new method that will set the maximum troop capacity of the
StarShip class:

public void SetMaximumTroopCapacity (int capacity)

{
}

3. Inside this method, add a t rycatch clause that will attempt to set the maximum
troop capacity, but for some reason, it will fail. Upon failure, it will write the
error to the log table inside the database:

try
{
// Read current capacity and try to add more
}
catch (Exception ex)

{

string connectionString = "connection string goes here";
string sgl = $"INSERT INTO tblLog (error, date) VALUES
({ex.Message}, GetDate())";

using (SglConnection con = new
SglConnection (connectionString))
{
SglCommand cmd = new SglCommand (sqgl) ;
cmd.CommandType = CommandType.Text;
cmd.Connection = con;
con.Open () ;
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cmd.ExecuteNonQuery () ;

}

throw ex;

}

How it works...

If you have code that looks like the preceding one, you are in contravention of the SRP. The
Starship class is no longer responsible for just itself and things that have to do with star
ships. It now has to fulfill the role of logging errors to the database too. You see the problem
here is that the database-logging code does not belong in the catch clause of the
SetMaximumTroopCapacity method. A better approach would be to create a separate
DatabaseLogging class with methods to create connections and write exceptions to the
appropriate log table. You will also find that you are going to have to write that logging
code in multiple places (in every catch clause). If you are finding that you are repeating
code (by copying and pasting from other areas), you probably need to put that code into a
common class, and you have likely broken the SRP rule.

Open/closed principle

When creating classes, we need to ensure that the class prohibits any breaking
modifications by needing to change internal code. We say that such a class is closed. If we
need to change it somehow, we can do so by extending the class. This extensibility is where
we say that the class is open for extensions.

Getting ready

You will create a class that determines the skills of a trooper by looking at the class of
trooper. We will show you the way many developers create such a class and the way it can
be created using the open/closed principle.
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How to do it...

1. Create a class called starTrooper:

public class StarTrooper

{
}

2. To this class, add an enumerator called TrooperClass to identify the type of
trooper we want to return the skills of. Also, create a List<string> variable to
contain the skills of the specific trooper class. Finally, create a method called
Getskills that returns the specific set of skills for the given trooper class.

The class is quite straightforward, but the implementation of the code is
something we see a lot. Sometimes, instead of a switch statement, you will
see a whole lot of 1 f. . .else statements. While the functionality of the code
is clear, it is not easy to add another class of trooper to the StarTrooper
class without changing code. Assume that you now have to add an
additional Engineer class to the StarTrooper class. You would have to
modify the TrooperClass enumeration and the code in the switch
statement.

This changing of code can cause you to introduce bugs into the code that was
previously working fine. We now see that the starTrooper class is not
closed and can't be extended easily to accommodate additional
TrooperClass objects:

public enum TrooperClass { Soldier, Medic, Scientist }
List<string> TroopSkill;

public List<string> GetSkills (TrooperClass troopClass)
{
switch (troopClass)
{
case TrooperClass.Soldier:
return TroopSkill = new List<string>(new string[] {
"Weaponry", "TacticalCombat", "HandToHandCombat" });

case TrooperClass.Medic:
return TroopSkill = new List<string>(new string[] {

"CPR", "AdvancedLifeSupport" });

case TrooperClass.Scientist:
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return TroopSkill = new List<string>(new string[] {
"Chemistzry", "MollecularDeconstruction",
"QuarkTheory" });

default:
return TroopSkill = new List<string>(new stringl] {

"none" });

}

3. The solution to this problem is inheritance. Instead of having to change code, we
extend it. Start off by rewriting the preceding StarTrooper class and create a
Trooper class. The Get Skills method is declared as virtual:

public class Trooper

{
public virtual List<string> GetSkills()

{

return new List<string> (new string[] { "none" });

}

4. Now, we can easily create derived classes for the Soldier, Medic, and
Scientist trooper classes available. Create the following derived classes that
inherit from the Trooper class. You can see that the override keyword is used
when creating the Get Skills method:

public class Soldier : Trooper
{
public override List<string> GetSkills()
{
return new List<string>(new string[] { "Weaponry",
"TacticalCombat", "HandToHandCombat" 1});

public class Medic : Trooper
{
public override List<string> GetSkills()
{
return new List<string> (new stringl[] {
"CPR", "AdvancedLifeSupport" });

public class Scientist : Trooper

{
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public override List<string> GetSkills()
{

return new List<string>(new string[] { "Chemistry",
"MollecularDeconstruction", "QuarkTheory" });

}

5. The code becomes extremely easy to implement when extending the class to add
an additional class of Trooper. If we now want to add the Engineer class, we
would simply override the Get Skills method after inheriting from the Trooper
class created earlier:

public class Engineer : Trooper

{
public override List<string> GetSkills ()

{
return new List<string>(new string[] {
"Construction", "Demolition" });

How it works...

The classes derived from the Trooper class are extensions of the Trooper class. We can say
that each class is closed, because modifying it does not necessitate changing the original
code. The Trooper class is also extensible because we have been able to easily extend the
class by creating derived classes from it.

Another byproduct of this design is smaller, more manageable code that is easier to read
and understand.

Exception handling

Exception handling is something that you as a developer need to be aware of, and you must
also be very good at discerning what information to display to the end user and what
information to log. Believe it or not, writing good error messages is harder than it looks. Too
much information displayed to the user might instill a sense of distrust in the software. Too
little information logged for debugging purposes is also not useful at all to the poor soul
that needs to fix the error. This is why you need to have an exception handling strategy.
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A nice rule of thumb is to display a message to the user stating that something went wrong,
but that a notification has been sent to support personnel. Think of Google, Dropbox,
Twitter (remember the blue whale?), and other big companies. Humorous error pages with
a little robot whose arm fell off, or a popular meme displayed to the user is far better than a
threatening error page with a full stack trace and red text. It is something that momentarily
takes the user's mind off a frustrating situation. Most importantly of all, it lets you save face.

So let's start off by looking at exception filters. These have been around for some time.
Visual Basic.NET (VB.NET) and F# devs have had this functionality for a while. It

was introduced in C# 6.0 and does more than meets the eye. At first glance, it looks as if
exception filters merely specify a condition when an exception needs to be caught. This is,
after all, what the name exception filter implies. Upon closer inspection, however, we see that
exception filters act as more than just syntactical sugar.

Getting ready

We will create a new class called Chapter3 and call a method that reads an XML file. The
file read logic is determined by a Boolean flag being set to t rue. Imagine that there is some
other database flag that when set, also sets our Boolean flag to t rue, and thus, our
application knows to read the given XML file.

Begin by ensuring that you have added the following using statement:

using System.IO;

How to do it...

1. Create a class called Chapter3 (if you have not done so already) that contains
two methods. One method reads the XML file, and the second method logs any
exception errors:

public void ReadXMLFile (string fileName)
{
try
{
bool blnReadFileFlag = true;
if (blnReadFileFlagq)
{
File.ReadAllLines (fileName) ;
}
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catch (Exception ex)

{
Log (ex) ;
throw;

private void Log (Exception e)

{
/* Log the error */

}

2. In the console application, add the following code to call the ReadxMLFile
method, passing it the filename to read:

Chapter3 ch3 = new Chapter3();
string File = @"c:tempXmlFile.xml";
ch3.ReadXMLFile (File) ;

3. Running the application will generate an error (assuming that you actually don't
have a file called XMLFile.xml in your temp folder. Visual Studio will break on
the throw statement:

[#] cookbook ~| *3 cookbook.SomeClass
46
347 B public veid ReadXMLFile(string fileName)
348 {
349 ] try
35@
351 bool blnReadFileFlag = true;
352 B if (blnReadFileFlag)
353 {
354 File.ReadAllLines(fileName);
355 3
356 I
357 catch (Exception ex)
358 7
359 Log(ex);
360 throw; €3
361 }
362 1 Exception Unhandled = X
363 - F;r*_i;'a_té_void Lo System.l0.DirectoryNotFoundException: 'Could not find a part of
364 I the path 'c\temp\XmiFilexml.'
;3; /% Log the ey Details Copy Details
3E; B } b Exception Settings
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4. The Log (ex) method has logged the exception, but have a look at the Watch1
window. We have no idea what the value of blnReadFileFlagis. When an
exception is caught, the stack is unwound (adding overhead to your code) to
whatever the actual catch block is. Therefore, the state of the stack before the
exception happened is lost.

Watch 1 * 0 x
Mame Value

€3 binReadFileFlag  error C50103: The name 'binReadFileFlag' does not exist in the current context (%

Locals  Watch 1

5. Modify your ReadXMLFile and Log methods as follows to include an exception
filter:

public void ReadXMLFile (string fileName)
{
try
{
bool blnReadFileFlag = true;
if (blnReadFileFlagq)
{
File.ReadAllLines (fileName) ;
¥
¥
catch (Exception ex) when (Log(ex))
{
¥
¥
private bool Log(Exception e)
{
/* Log the error */
return false;

}
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6. Running the console application again, Visual Studio will break on the actual line
of code that caused the exception:

[ cookbook - * cookbook.Chapter3
ETL ‘
371 =] public veid ReadXMLFile(string fileName)
372 | I
373 =] try
374 {
375 bool blnReadFileFlag = true;
376 B if (blnReadFileFlag)
377 iy
© 378 File.ReadAllLines(fileName); €3
379 | b
380 T
381 catch (Exception ex) when (Log(ex))
332 i
383 L 1 Exception Unhandled = X
384 | 1
1 reference System.|0.DirectoryMotFoundException: 'Could not find a part of
385 = private bool Log(Exce| the path 'chtemp\XmiFilexml'.'
;:; { /* Log the error - View Details | Copy Details
388 return false; b Exception Settings
389 | 3
390 S

7. More importantly, the value of blnReadFileFlag is still in scope. This is
because exception filters can see the state of the stack at the point where the
exception occurred instead of where the exception was handled. Looking at the
locals window in Visual Studio, you will see that the variables are still in scope at
the point where the exception occurred:

Watch 1 * 0 x
Mame Value

@ binReadFileFlag  true

Locals  Watch 1
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How it works...

Imagine being able to view the exception information in a log file with all the local variable
values available. Another interesting point to note is the return false statement in the

Log (ex) method. Using this method to log the error and return false will allow the
application to continue and have the exception handled elsewhere. As you know, catching
Exception ex will catch everything. By returning false, the exception filter doesn't run
into the catch statement, and more specific catch exceptions (for example, catch
(FileNotFoundException ex) after our catch (Exception ex) statement) can be
used to handle specific errors. Normally, when catching exceptions,
FileNotFoundException will never be caught in the following code example:

catch (Exception ex)
{
}

catch (FileNotFoundException ex)
{
}

This is because the order of the exceptions being caught is wrong. Traditionally, developers
must catch exceptions in their order of specificity, which means that
FileNotFoundException is more specific than Exception and must, therefore, be placed
before catch (Exception ex).With exception filters that call a false returning method,
we can inspect and log an exception accurately:

catch (Exception ex) when (Log(ex))
{
}

catch (FileNotFoundException ex)
{
}

The preceding code will catch all exceptions, and in doing so, log the exception accurately
but not step into the exception handler because the Log (ex) method returns false.
Another implementation of exception filters is that they can allow developers to retry code
in the event of a failure. You might not specifically want to catch the first exception, but
implement a type of timeout element to your method. When the error counter has reached
the maximum iterations, you can catch and handle the exception. You can see an example of
catching an exception based on a t ry clauses' count here:

public void TryReadXMLFile (string fileName)
{

bool blnFileRead = false;

do
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int iTryCount = 0;

try

{
bool blnReadFileFlag = true;
if (blnReadFileFlagq)
File.ReadAllLines (fileName) ;

}

catch (Exception ex) when (RetryRead(ex, iTryCount++) == true)

{

}

} while (!blnFileRead);

private bool RetryRead (Exception e, int tryCount)
{
bool blnThrowEx = tryCount <= 10 ? blnThrowEx =
false : blnThrowEx = true;
/* Log the error if blnThrowEx = false */
return blnThrowEx;

}

Exception filtering is a very useful and extremely powerful way to handle exceptions in
your code. The behind-the-scenes workings of exception filters are not as immediately
obvious as one might imagine, but here lies the actual power of exception filters.
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In this chapter we will take a look at code analyzers and how they can assist developers to
write better code. We will cover the following topics:

¢ Finding and installing analyzers

¢ Creating a code analyzer

e Creating a custom code analyzer

¢ Deploying your code analyzer within your organization only

Introduction

With effect from Visual Studio 2015, developers have had the ability to create custom code
analyzers that are specific to their project or their development team. Some development
teams have a set of standards that they need to adhere to. Perhaps you are an indie
developer and you would like to make your code conform to certain best practices. It
doesn't really matter what your reason is; code analyzers open doors for developers.

You can be sure that the code you or your team ships measures up to your specific set of
code quality standards. There are several code analyzers that can be downloaded from
GitHub. We will be looking at one of those called CodeCracker for C#.



Code Analyzers in Visual Studio

Finding and installing analyzers

There are quite a few code analyzers on GitHub. A quick search returns 28 possible C# code
analyzers out of 72 repository results. A few of these seem to be student projects. Check
those out too; there is some very clever code in some of them. As for this recipe, we will be
working with CodeCracker for C# to demonstrate how to install an analyzer from a NuGet
package.

Q Pull requests  Issues  Gist A +- a -
# code analyzers Search
Search F y A
[ Repositories 72 We've found 72 repository results Sort: Best match ~
<> Code 367,665
o Commits 3187 code-cracker/code-cracker
@ Issues 1163 and VB that uses Roslyn to produce refactorings, code
Wikis 489 1o
& Users
Languages

cz 28

asy toy
C+t 16 o

Python 3

Getting ready

All that you will be doing is downloading a NuGet package for your project. Other than
that, there is nothing you specifically need to do in order to get ready.

How to do it...

1. Start off by creating a new console application. You can call it whatever you like.
In my example, I simply called it DiagAnalyzerDemo.
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Solution Explorer * 0 x
@E- -SCaT@ F=R
Search Solution Explorer (Ctrl+;) P~

fa] Solution 'DiagAnalyzerDlemo' (1 project)
a DiagAnalyzerDemo
& Service Capabilities
b Properties
4 =B References
& Analyzers
-0 Microsoft.CSharp
=B Systermn
u-B Systern.Core
u-B Systern.Data
u-B Systemn.Data.DataSetExtensions
u-B Systemn.Met.Http
u-B Systern.Xml
u-B Systermn.Xml.Ling
¥ App.config
P ©* Program.cs

Solution Explorer | Team Explorer

2. From the Tools menu, select NuGet Package Manager and then Manage NuGet
Packages for Solution....
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3. In the Browse tab, search for Code-Cracker. The results should return the
codecracker.CSharp NuGet package. Check the project you want to apply the

NuGet package to and click on the Install button.

MuGet - Solution + > [{el R

Installed Updates Consolidate
Code-Cracker X * € [ Include prerelease
codecracker.CSharp by giggio, elemarjr, carloscds, 14.5K downloads v1.0.1

A analyzer library for C# that uses Roslyn to produce refactorings, code analysis,
and cther niceties.

codecracker.VisualBasic by giggio, elemarjr, carloscds, 2.69K downloads v1.0.1

g

A analyzer library for Visual Basic that uses Roslyn to produce refactorings, code
analysis, and other niceties.

Each package is licensed to you by its owner. NuGet is not responsible for, nor does it grant any
licenses to, third-party packages.

[] Do not show this again

Manage Packages for Solution

Package sourcet  nuget.org - {3

codecracker.CSharp

Version(s) - 0

Project ~
DiagAnalyzerDemo

4 »

Installed: not installed Uninstall

Version:  Latest stable 1.0.1
(+) options

Description

A analyzer library for C# that uses Roslyn to
produce refactorings, code analysis, and other
niceties.

4. Visual Studio will allow you to review the changes that are about to be made.

Click on the OK button to continue.

5. Click on I Accept when the license terms are displayed.
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6. When the NuGet package is installed, the results will be displayed in the Output
window.

7. Looking at your project you will notice that the CodeCracker.CSharp analyzer
has been added under the Analyzers node in your Solution Explorer.

Solution Explorer * 1 x
@E- o-s¢cam F=&
Search Solution Explorer (Ctrl+;) P~

fa] Solution 'DiaghnalyzerDema' (1 project)
4 DiagAnalyzerDemo
& Service Capabilities
b Properties
4 =B References
4 &5 Analyzers
b g CodeCracker.CSharp
u-B Microsoft.C5harp
=0 Systemn
u-B Systern.Core
u-B Systern.Data
u-B Systern.Data.DataSetExtensions
=B Systemn.Met.Http
=B Systern.{ml
u-B Systermn.Xml.Ling
v App.config
¥ packages.config
P ©* Program.cs

Solution Explorer | Team Explorer
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8. If you expand the CodeCracker.CSharp analyzer, you will see all the individual
analyzers included in the NuGet package.

Solution Explorer * I X
AE- o-5SCaBm ,=R

Search Solution Explorer (Ctri+;) P~

& Properties -

i =B References
4 &5 Analyzers
4 & CodeCracker.CSharp
AF CC0007: You should use 'var' whenever possible.
A% CC0002: Invalid argument name
A CC0D03: Your catch maybe include some Exceptic
AF CC0004: Catch block cannot be empty
AF CC0005: Emnpty Object Initializer
A® CCOD06: Use foreach
A CC000T: Return Condition directly
AF CC000%: Use object initializer
AF CC0D0%: Use object initializer
@ CC0010: Your Regex expression is wrong
A CCO011: You should remove the "Where' invocatit

9. There is however a better place to review these analyzers from. From the Project
menu, go to the [project name] properties menu item. In my case this is
DiagAnalyzerDemo Properties....
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10. Click on the Open button to open the rule set.

DiagAnalyzerDemo + X

M DiagAnalyzerDemo - DiaghAnalyzerDemo =

Application
Build

Build Events
Debug
Resources
Services
Settings
Reference Paths
Signing
Security
Publish

Code Analysis

Configuration: | Active (Debug) ~ Platform: | Active (Any CPL) ~

[] Enable Cade Analysis on Build
Suppress results from generated code (managed only)
Rule Set

Run this rule set:

Microsoft Managed Recornmended Rules ~

Description:

These rules focus on the most critical problems in your code, including potential
security holes, application crashes, and other important logic and design errors. You
should include this rule set in any custom rule set you create for your projects.

Path:

C:\Program Files (xB6)\Microsoft Visual Studio\2017\Enterprise\Team Tools\Static
Analysis Tools\Rule Sets\MinimumRecemmendedRules.ruleset

Learn more about rule sets
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11. Here you will see a collection of all the analyzers available; from this screen, you
can modify the action of specific analyzers.

M DiagAnalyzerDemo - MinimumRecommendedRules.ruleset - = 2
MinimumRecommendedRules.ruleset = 2 JUEREAE LG0T -
a |Group by: Analyzer ID - | 00 |£3 ) ||‘_‘| »~ | Search Felnn
@ This is a Microsoft rule set and cannot be modified. Any changes will be saved to a copy of the file.
1D -  Mame Action -
4 [W]CodeCracker.CSha... Multiple -
CCoom You should use war' whenever possible, v Warming
CCoooz2 Irvalid argurment name I Wfarming
CCooos Your catch maybe include some Exception I Warning
CC000d Catch block cannot be ermnphy I WWarning
CCoa0s Erripty Object Initializer I Warning
CCO006 Use fareach I Wfarming
kA coonn? Return Cnnditinn direrthe Lo Wfarninn -
Description:

Usage of an expression bodied members improve readability of the code,

12. In your code, add the following class. You can call it whatever you like, but for
simplicity's sake use the following example. You will see that I have a constructor
that sets a property called DimensionWHL. This property just returns an array
with the width, height, and length values. Not very nice code indeed.

public class ShippingContainer
{
public int Width { get; set; }
public int Height { get; set; }
public int Length { get; set; }
public int[] DimensionsWHL { get; set; }
public ShippingContainer (int width, int height, int length)
{
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Width = width;
Height height;
Length length;

DimensionsWHL = new int[] { width, height, length };

}

13. Return back to the analyzers screen and search for the word properties. You

will see an analyzer returned called CA1819, which specifies that a property
should never return an array. The Action is changed to Warning, but you can
change this to Error should you wish by clicking on the word Warning under the
Action column and selecting Error.

Bd DiagfAnalyzerDemo - = =
DiagAnalyzerDemeo.ruleset® & X -
a a |Gru:uup by: <Mone> - | 00 | |pru:upertie5 =
] «  Mame Bction T

[JiCa1024 use properties where appropriate Q tone

[ ] cato Properties should not be write anly M Mone

L] ca10se LRI properties should not be strings O rMone

Co1819 Properties should not returh arrays L. Wifarning

[l cazzer Collection properties should be read anly O rMone
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14. Save the changes and go and build your console application. You will see that the
warning for the code analyzer CA1819 is displayed in the Error List. If you had
changed the action to Error, the build would have broken with that error.

Entire Solution - |Q 0 Errors | | 1 1 Warning | |0 0 Messages | Build + IntelliSense ~| | Search Error Lis 0 ~

Code  Description Project File Line Suppression State

Change
'ShippingCentainer.Dimensio
nsWHL' to return a collection
or make it a method.

L CAlg19 DiagAnalyzerDemo Program.cs 21 Active

How it works...

Code analyzers can provide you with a lot of functionality and assist developers in writing
good code by avoiding common bad coding practices and enforcing specific team
guidelines. Each code analyzer can be set to a different severity, with the most severe
actually breaking the build. Keeping code analyzers under the references in your projects
allows you to check it in to source control; this is evaluated whenever you build your
project. You can however also store analyzers on a per-machine basis. These analyzers will
be for personal code improvement, prompts, and personal use.

Code analyzers are perfect for modern day developers because they are under the control of
the developer and integrate easily into Visual Studio.
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Creating a code analyzer

Some of you might already see the benefit of creating your own code analyzer. Being able to
control certain design implementations and coding standards specific to your team is
invaluable. This is especially true for new developers joining your team. I remember when I
started working for a company a couple of years back; the development manager gave me a
document of code standards that I needed to adhere to. At the time this was great. It
showed me that they cared about code standards. Back then, of course, developers didn't
have code analyzers. It was however quite a challenge keeping track of all the standards
that I needed to implement. This was especially true for the specific code standards that the
company implemented.

Getting ready

Before you can create your own code analyzer, you need to ensure that you have installed
the .NET Compiler Platform SDK. To do this, perform the following steps:

1. Add a new project to your solution and click on Extensibility. Select Download
the .NET Compiler Platform SDK and click OK.

Add Mew Project ? X
b Recent MET Framework 462 = Sortby: Default | i Search Installec 2 ~
# Installed . E C# Item Template Visual C# Type: .‘u‘isual C# .
4 Visual C# To begin creating Analyzers and Codefixes
Windows Universal E C# Project Template Visual C# Elo;f:"rﬁts%ogvnload the NET Compiler

Windows Classic Desktop

Web F Download the NET Comp..Visual C#
I» Office/SharePoint
NET Core [-"‘l VSIX Project Visual C#
Android 4
Cloud
Cross-Platform
Extensibility
b 05
Test -
P Online
Name: CSharpCompilerPlatformSDKDownload1
Location: Cihschanalyzers\DiagAnalyzerDemo -

| oK | | Cancel
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2. This will actually create a project with an index file. The page that opens will
provide a download to the NET Compiler Platform SDK. Click on that to start
the download.

Cihschanalyzers\haghnalyzerDemo\CSharpCompilerPlatformSDEDownload Thindex.html

URL: Ci\schanalyzers\DiagAnalyzerDemco\CSharpCompilerPlatformSDKDownload 1hindex.htrml

.NET Compiler Platform SDK
Templates

Provides three Visual Studio project templates for both C# and
Visual Basic that enable the creation of Analyzers, CodeFD(es, and
stand-alone analysis tools.

Download .NET Compiler Platform SDK Templates »

Note: The project that contains this page only provides instructions to install the required templates.
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3. Just save the downloaded file to a directory on your hard drive. Then you should
close down Visual Studio before clicking on the VSIX file.

File Download X

Do you want to open or save this file?

Ly | Mame: Roslyn_SDK.vsix
L

Type: Microsoft Visual Studio Extension, 13.1 MB

From: wisualstudiogallery.msdn.microsoft.com

open | [ sme

= = | While files from the Intemet can be useful, some files can potentially
d harm your computer. § you do nat trust the source, do not open ar
= sawve this file. What 's the rsk?

4. The .NET Compiler Platform SDK installer will now start and allow you to
select the instance of Visual Studio to install to.
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When the installation is complete, restart Visual Studio again.

M vsIX Installer 4

Installation Complete

Your extension has been successfully installed. Please close and
restart all target application instances for changes to take effect.

0 Visual Studio Enterprise 2017 RC

View Install Log

How to do it...

1. Add a new project to your Visual Studio solution and click on Extensibility and
select the Analyzer with Code Fix (NuGet + VSIX) template. Give it a suitable
name and click on OK to create the Analyzer project.
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Add Mew Project ? X
b Recent NET Framework 4.6.2  ~ Sortby: Default -| &° Search Installed Templates {1 @ ~
4 |nstalled ;
ﬁ Stand-Alene Code Analysis Tool Visual C# Type: Visual C#
Y =
4 Visual C# = Create a C# analyzer that comes with a
Windows Universal == Analyzer with Code Fix (NuGet + VSIX) Visual C# code fix and generates dlagnqstlcs. The
Wind Classic Deskt i) analyzer can be deployed as either a
indows Lassic Leskiop MuGet package or a V5IX extension,
Web [.".I | C# ltem Template Visual C#
b Office/SharePoint -
JNET Core [.".I C# Project Template Visual C#
Android o
Cloud ;—F Code Refactoring (VSIX) Visual C#
Cross-Platform
L -
Extensibility 0-' Download the .NET Compiler Platform... Visual C#
b i0S
= = | VSIX Project Visual C#
b tvOS i
e -
B Online
MName: [myFirstAnalyzer |
Location: Chsc\analyzers\DiagAnalyzerDemo -
| oK | | Cancel |

2. You will see that Visual Studio has created three projects for you: Portable,
.Test and .Vsix . Ensure that the . Vsix project is set as the default startup
project.

SolutionE.pIorer -~ I |
AE- o-5a ,=R

Search Solution Explorer (Ctri+;) P~

|ﬁ| Solution 'DiagAnalyzerDemo' (4 projects)
P DiagAnalyzerDemo

[+ ryFirstAnalyzer (Portable)

I myFirstinalyzer. Test

P myFirstAnalyzer.Vsix

Solution Explorer | Team Explorer
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3. In the Portable class, take a look at the DiagnosticAnalyzer.cs file. You will
see a method called AnalyzesSymbol (). All that this code analyzer does is simply
check for the existence of lowercase letters on the namedTypeSymbol variable.

private static void AnalyzeSymbol (
SymbolAnalysisContext context)

// TODO: Replace the following code with your own

analysis, generating Diagnostic objects for any
issues you find

var namedTypeSymbol = (INamedTypeSymbol)context.Symbol;

// Find just those named type symbols with names
containing lowercase letters.

if (namedTypeSymbol.Name.ToCharArray () .Any (char.IsLower))
{

// For all such symbols, produce a diagnostic.
var diagnostic = Diagnostic.Create (Rule,
namedTypeSymbol.Locations[0], namedTypeSymbol.Name) ;

context .ReportDiagnostic(diagnostic) ;

}

4. Build your project and click on F5 to start debugging. This will start a new
instance of Visual Studio with its own settings. This means anything you change
in this experimental instance of Visual Studio will not affect your current Visual
Studio installation. You can open an existing project or create a new one. I simply
created a console application. From the start, you will see that the Program class
name is underlined. Hovering your cursor over this will display the Visual
Studio lightbulb and tell you that the type name contains lowercase letters.

—Inamespace TestAnalyzer
1
. class Program
{ : T %, class TestAnalyzer.Program
- static
{ Type name 'Program’ contains lowercase letters
} ; Show potential fixes (Ctrl+.)
¥
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5. Clicking on Ctrl +. or on the Show potential fixes link in the tooltip will display
the fixes you can apply to correct the error.

—-Inamespace TesthAnalyzer

=1, class Program
= Make uppercase |:| @ ! myFirstAnalyzer Type name 'Program’ contains lowercase |etters
i .
} class Program
} class

Preview changes

Fix all occurrences in: Document | Project | Solution

How it works...

Code analyzers will check managed assemblies and report any information relevant. This
can be any code that violates the programming and design rules in the NET Framework
Design Guidelines. The code analyzer will display the checks it performs as warning
messages and if possible suggest a fix like we saw in the aforementioned recipe. To do this,
code analyzers use rule sets created by Microsoft or a custom rule set you define to meet a
specific need.

Creating a custom code analyzer

The real magic of code analyzers come to the fore when you create one to suit a specific
need. What would qualify as a specific need? Well anything that is specific to your own
business requirements that is not covered in the out-of-the-box analyzers. Don't get me
wrong; the existing analyzers that are available to developers really cover a lot of good
programming practices. Just take a look on GitHub by searching for C# code analyzers.
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Sometimes, however, you might have a case where something is more suited to your
workflow or the way your company does business.

An example of this is could be to ensure that comments on all public methods include more
information than just the standard <summary></summary> and parameter information (if
any). You might want to include an additional tag with the internal task ID, for example
(think Jira here). Another example is making sure that a created class conforms to a certain
XML structure. Are you developing software that writes warehouse stock information to a
database? Do you use non-stocked parts? How do you validate non-stocked from stocked
parts in code? Code analyzers can provide a solution here.

The preceding examples are perhaps rather unique and not applicable to you or your needs
at all, but that is the beauty of code analyzers. You can create them to suit your
requirements. Let's take a look at a very simple example. Assume that developers in your
organization need to use a specific code library. This code library is a collection of
frequently used code and is well maintained. It is included in a Visual Studio template that
developers use when creating new projects. We need to ensure that, if a developer creates a
specific class (for purchase orders or sales orders), it implements a specific interface. The
interfaces exist in the template, but the classes do not. This is because the applications will
not always be using sales or purchase orders. The interface is to enable the receipt of sales
and purchase orders and is called IReceivable.

Getting ready

Perform the following steps:

1. Create a new Visual Studio project and call it PurchaseOrderAnalyzer.
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New Project
P Recent MET Framework 4.6.2 - Sort by: Default
4 Installed =M Stand-Alone Code Analysis Tool
FY
4 Templates &  Analyzer with Code Fix (NuGet +...
Rl Bl C# ltem Templat
Windows Universal = = gL
Windows Classic Desktop ] C#Project Template
Web _ & CodeRefactoring (VSIX)
I Office/SharePoint
NET Core & Download the .NET Compiler...
Android Bl VSIX Project
Cloud
T emme T o -
I Online
Names PurchaseOrderAnalyzer
Location: Chschanalyzers\,
Solution name: PurchaseOrderAnalyzer

? X

- i= | Search Installec P ~

Type: Visual C#

Create a C# analyzer that comes with a
code fix and generates diagnostics. The
analyzer can be deployed as either a
MNuGet package or a VSIX extension.

- Browse...

Create directory for solutien
[[] Add to Seurce Control

| oK | | Cancel

2. Ensure that the following projects are created by default in your solution.

Tl:EI - ‘:‘
Search Solution Explorer (Ctrl+;)
[ PurchaseOrderAnalyzer (Portable)

P PurchaseOrderAnalyzer.Test
B PurchaseOrderAnalyzer.Vsix

Solution Explorer | Team Explorer

|ﬁ| Solution 'PurchaseOrderAnalyzer' (3 projects)
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How to do it...

1. Expand the PurchaseOrderAnalyzer (Portable) project and open the
DiagnosticAnalyzer.cs file.

Solution Explorer = 0 x
mo- o-5¢ aRE {}ﬁEIE@I
Search Solution Explorer (Ctrl+;) P -

fa] Solution 'PurchaseQrderfnalyzer' (3 projects)
F PurchaseOrderAnalyzer (Portable)
& Service Capabilities
P Properties
[ =B References
[ tools
b ¢ CodeFixProvider.cs
[ Diagnostic.nuspec
¥ packages.config
B ReadMett
I Resources.resx
P PurchaseOrderAnalyzer. Test
B PurchaseOrderAnalyzer.Vsix

Solution Explorer | Team Explorer

2. As seen earlier, you will see your diagnostic analyzer class. It should read
public class PurchaseOrderAnalyzerAnalyzer
DiagnosticAnalyzer. Add the following code to the top of this class, replacing
the code for the DiagnosticId, Title, MessageFormat, Description,
Category, and Rule variables. Note that I have added two enumerators called
ClassTypesToCheck and MandatoryInterfaces to the class. I only want this
analyzer to act on a class if it is called PurchaseOrder or SalesOrder. I also
only want the IReceiptable interface to be mandatory on the classes defined in

the ClassTypesToCheck enum.

public const string DiagnosticId = "PurchaseOrderAnalyzer";
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public enum ClassTypesToCheck { PurchaseOrder, SalesOrder }
public enum MandatoryInterfaces { IReceiptable }

private static readonly LocalizableString Title =
"Interface Implementation Available";

private static readonly LocalizableString
MessageFormat = "IReceiptable Interface not Implemented";

private static readonly LocalizableString Description =
"You need to implement the IReceiptable interface";

private const string Category = "Naming";

private static DiagnosticDescriptor Rule = new
DiagnosticDescriptor (DiagnosticId, Title, MessageFormat,
Category, DiagnosticSeverity.Warning,
isEnabledByDefault: true, description: Description);

3. Make sure that the Initialize method contains the following code:

public override void Initialize (AnalysisContext context)
{
context.RegisterSymbolAction (AnalyzeSymbol,
SymbolKind.NamedType) ;
}

4. Create the AnalyzeSymbol method. You can call this method anything you like.
Just ensure that, whatever you call this method, it matches the method name in
the RegisterSymbolAction () method inside Initialize.

private static void AnalyzeSymbol (SymbolAnalysisContext context)
{

}

5. Add to that a Boolean called blnInterfaceImplemented that will store a true
or false if the interface is implemented or not. The next check we do is to ignore
abstract classes. In reality, you would probably want to check an abstract class
too, but I want to exclude it to show the flexibility of code analyzers.

bool blnInterfaceImplemented = false;
if (!'context.Symbol.IsAbstract)
{
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6. You now need to get the name of the symbol you are checking. To do this,
create an object called namedTypeSymbol on which you can call the Name method
to return the symbol name. On a class called PurchaseOrder, this should return
PurchaseOrder as the name. Return the ClassTypesToCheck enum as a
List<string> object called classesToCheck. Then, do a check on the class
name and see if it is contained in the classesToCheck list. It is important to
ignore the case by adding St ringComparison.OrdinalIgnoreCase to the
Equals check. This will ensure that the analyzer will analyze classes called
purchaseorder, PURCHASEORDER, PurchaseOrder, Purchaseorder, or
purchaseOrder. Add the code inside the if condition excluding abstract classes.

var namedTypeSymbol = (INamedTypeSymbol)context.Symbol;
List<string> classesToCheck = Enum.GetNames (
typeof (ClassTypesToCheck)) .ToList () ;

if (classesToCheck.Any (s => s.Equals(
namedTypeSymbol .Name, StringComparison.OrdinalIgnoreCase)))

{
}

The capitalization style recommended for class names is PascalCase.
PascalCase consists of capitalizing the first letter of an identifier and each
subsequent concatenated word. This is applied if the identifier has three or
more characters. This means that the concatenated words purchase and
order must we written in PascalCase when used in class names. This
results in PurchaseOrder. Refer to the Capitalization Styles article in the
MSDN at https://msdn.microsoft.com/en-us/library/x2dbyw72 (v=vs
.71) .aspx.

[159]


https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx
https://msdn.microsoft.com/en-us/library/x2dbyw72(v=vs.71).aspx

Code Analyzers in Visual Studio

7. Inside the if condition, to check if the class name is PurchaseOrder or
SalesOrder, add the following code. Here we are going to check the interfaces
defined on the matched PurchaseOrder or SalesOrder class. We do this by
calling the AllInterfaces () method and checking to see if it matches the
nameof the IReceiptable enumerator. In reality, we would probably want to
check more than one interface, but for our purposes we're only checking for the
implementation of the IReceiptable interface. If we find the interface as
implemented on the class name that was matched in the earlier check, we set
blnInterfaceImplemented = true; (itis currently initialized to false). This
means that, if the interface is not matched, then we will produce a diagnostic for
the omission of the IReceiptable interface. This is done by creating and
reporting the diagnostic that contains the Rule defined earlier and the location of
the class name.

string interfaceName = nameof (
MandatoryInterfaces.IReceiptable);

if (namedTypeSymbol.AllInterfaces.Any(s => s.Name.Equals (
interfaceName, StringComparison.OrdinalIgnoreCase)))

blnInterfaceImplemented = true;

if (!blnInterfacelImplemented)
{
// Produce a diagnostic.
var diagnostic = Diagnostic.Create (Rule,
namedTypeSymbol.Locations[0], namedTypeSymbol.Name) ;
context .ReportDiagnostic(diagnostic) ;

}
8. If all the code is added to AnalyzeSymbol () the method should look as follows:

private static void AnalyzeSymbol (SymbolAnalysisContext context)
{
bool blnInterfaceImplemented = false;
if (!'context.Symbol.IsAbstract)
{
var namedTypeSymbol = (INamedTypeSymbol)context.Symbol;
List<string> classesToCheck = Enum.GetNames (
typeof (ClassTypesToCheck)) .ToList () ;

if (classesToCheck.Any (s => s.Equals (namedTypeSymbol.Name,
StringComparison.OrdinalIgnoreCase)))
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string interfaceName = nameof (
MandatoryInterfaces.IReceiptable);

if (namedTypeSymbol.AllInterfaces.Any(s => s.Name.Equals (
interfaceName, StringComparison.OrdinalIgnoreCase)))

blnInterfaceImplemented = true;

if (!blnInterfacelImplemented)
{
// Produce a diagnostic.
var diagnostic = Diagnostic.Create (Rule,
namedTypeSymbol.Locations[0], namedTypeSymbol.Name) ;
context .ReportDiagnostic(diagnostic) ;

}

9. We now need to create a fix for the code analyzer. If we see that the class does not
implement our interface, we want to provide a quick fix for the developer with
the lightbulb feature. Open the file called CodeFixProvider.cs. You will see
that it contains a class called public class
PurchaseOrderAnalyzerCodeFixProvider : CodeFixProvider. The first
thing to do is locate the t it le string constant and change it to a more suitable

title. This is the menu flyout displayed when you click on the lightbulb in Visual
Studio.

private const string title = "Implement IReceiptable";

10. I have left most of the code-fix code the same except for the code that does the
actual fix. Locate the method called RegisterCodeFixesAsync (). I renamed
the method to call in the RegisterCodeFix () method to
ImplementRequiredInterfaceAsync (). The code should look as follows:

public sealed override async Task RegisterCodeFixesAsync (
CodeFixContext context)

var root = await context.Document.GetSyntaxRootAsync (
context.CancellationToken) .ConfigureAwait (false);

var diagnostic = context.Diagnostics.First();
var diagnosticSpan = diagnostic.Location.SourceSpan;

// Find the type declaration identified by the diagnostic.
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}

var declaration = root.FindToken (diagnosticSpan.Start)
.Parent.AncestorsAndSelf () .0fType
<TypeDeclarationSyntax> () .First ();

// Register a code action that will invoke the fix.
context.RegisterCodeFix (
CodeAction.Create (
title: title,
createChangedSolution: c =>
ImplementRequiredInterfaceAsync (context.Document,
declaration, c),
equivalenceKey: title),
diagnostic);

11. You will notice that I have re-purposed the fix used to make the symbol an
uppercase to implement the interface. The rest of the code is left as-is. In reality,
you would most likely want to check if any other interfaces are implemented on
the class and maintain those implementations. For this demonstration, we're just
assuming a new class being created called PurchaseOrder or SalesOrder
without existing interfaces.

private async Task<Solution> ImplementRequiredInterfaceAsync (

Document document, TypeDeclarationSyntax typeDecl,
CancellationToken cancellationToken)

// Get the text of the PurchaseOrder class and return one
implementing the IPurchaseOrder interface
var identifierToken = typeDecl.Identifier;

var newName = $"{identifierToken.Text} : IReceiptable";

// Get the symbol representing the type to be renamed.

var semanticModel = await document.GetSemanticModelAsync (
cancellationToken) ;

var typeSymbol = semanticModel.GetDeclaredSymbol (
typeDecl, cancellationToken);

// Produce a new solution that has all references to
that type renamed, including the declaration.

var originalSolution = document.Project.Solution;

var optionSet = originalSolution.Workspace.Options;

var newSolution = await Renamer.RenameSymbolAsync (
document .Project.Solution, typeSymbol, newName,
optionSet, cancellationToken) .ConfigureAwait (false);

return newSolution;
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}

12. Ensure that the PurchaseOrderAnalyzer.Vsix project is set as the start-up
project and click on Debug. A new instance of Visual Studio will be launched.
Create a new console application in this Visual Studio instance and call it
PurchaseOrderConsole. To this project, add a new interface called
IReceiptable and add the following code.

interface IReceiptable
{
void MarkAsReceipted(int orderNumber) ;

}

13. Now, add a new class called PurchaseOrder to the project with the following
code.

public class PurchaseOrder

{
}

14. After you have done this, your project might look as follows if you added
separate files for IReceiptable and PurchaseOrder.

Solution Explorer * o x
GE- o-sa F=R
Search Solution Explorer (Ctrl+;) P~

@ Solutien 'PurchaseOrderConsole’ (1 project)
4 PurchaseOrderConsole
& Service Capabilities
b/ Properties
b =B References
¢ App.config
b |Receiptable.cs
P ©* Program.cs
b PurchaseOrder.cs
[#] PurchaseOrderConsole.ruleset

Solution Explorer ' Team Explorer
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15. Viewing the PurchaseOrder class, you will notice a squiggly line under the class
name PurchaseOrder.

PurchaseOrder.cs + 2 i< Program.cs
[ PurchaseQrderConsole

B

7 —Inamespace PurchaselfrderConsole

8 1

9 = public class PurchaseOrder

18 7

12 1

13 }

16. Hovering the mouse over the squiggly line, you will see the lightbulb displayed
notifying you that the IReceiptable interface is not implemented.

ST EE0 G AL S |Receiptable.cs Program.cs

[=#] PurchaseOrderConsole - | *3 PurchaseOrderConsg
B
7 -lnamespace PurchaseOrderConsole
8 1
9 - public class PurchaseOrder
18 =
; { = #* class PurchaseOrderConsole.PurchaseCrder
12 h .
13 1 IReceiptable Interface not Implemented

Show potential fixes (Ctrl+.)
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17. When you view potential fixes, you will see that the t it 1e we changed earlier in
the CodeFixProvider.cs file to read private const string title =
"Implement IReceiptable"; is displayed as the flyout menu text. The

suggested code is then shown as implementing the correct interface
IReceiptable.

public class PurchaseOrder

e N

¥ ImplementIReceiptableE @ ! PurchaseOrderfnalyzer IReceiptable Interface not Implemented

public class PurchaseOrder
public class Purchasedrde

{

Preview changes

Fix all occurrences in: Document | Project | Selution

18. Clicking on this modifies our PurchaseOrder class to produce the following
code:

public class PurchaseOrder : IReceiptable

{

}

19. Once the code fix has been applied, you will see that the squiggly line under the
class name has disappeared. As expected, Visual Studio is now telling us that we
need to implement the interface member
IReceiptable.MarkAsReceipted (int) by underlining the interface name
IReceiptable with a red squiggly line.
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PurchaseOrder.cs® & >0 Jli3<an]a] [N Program.cs

[#] PurchaseOrderConsale - *3 Purg
6
7 -Inamespace PurchaseOrderConsole

g |{

public class PurchaseOrder : IReceiptable
10 {
12 }
13 }

g —

20. Hovering over the IReceiptable interface name, you will see the lightbulb the
code fix. This is the standard Visual Studio analyzer at work here.

public class PurchaseOrder : TReceiptable
{ o -

1 Implement interface Iz‘ €3 ©50535 'PurchaseOrder’ does not implement interface member

Implement interface explicitly 'Receiptable.MarkAsReceipted(int)’

public class PurchaseDrder : IReceiptable

{

public woid MarkasReceipted(int ordertumber)
{

throw new MotImplementedException();

1

Preview changes
Fix all occurrences in: Document | Project | Solution
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21. Clicking on the fix to be applied implements the IReceiptable member and the
PurchaseOrder class is correctly defined in the code.

PurchaseOrder.cs & 2 <+ [ Program.cs

[#] PurchaseOrderConsole - | *3 PurchaseOrds
7 —Inamespace PurchaseOrderConsole
8 1
9 - public class PurchaseOrder : IReceiptable
18 7
11 - public wvoid MarkAsReceipted{int crderNumber)
12 1
12 throw new NotImplementedException();
14 }
15 }
16 }

How it works...

The example in this recipe does not even begin to scratch the surface of what is possible
with code analyzers. A great way to learn what is possible is to have a look at some of the
code analyzers on GitHub. View the code and start writing your own code analyzers. As
with most concepts in programming, the only way to learn this is to write the code. There is
a wealth of information available on the Internet. A word of advice, though: before you start
writing your code analyzers, take a look to see if there isn't an analyzer that already does
what you need (or is close to doing what you need).

For example, if you need to ensure method comments include additional information, try to
find an analyzer that already does something similar. If you find an analyzer that checks to
see if public methods have comments, for example, you could easily retrofit this analyzer to
suit your own needs. The best way to learn is to do, but everybody needs a starting point.
Standing on the shoulders of others is part of learning new programming concepts.
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Deploying your code analyzer within your
organization only

Code analyzers are a fantastic method to check and correct code automatically. Sometimes,
however, the analyzers you create will not be suitable for public consumption as they might
contain proprietary information. With NuGet, you can create private repositories and share
these with colleagues. You can use a shared location on a company server, for example, and
easily manage NuGet packages from there.

Getting ready

Ensure that you have a shared location accessible to all developers in your organization.
This can be anywhere your network administrator has provided for shared file access. You
will probably want to restrict the access of these packages to developers only. A nice
solution is to create a storage account on Azure to share the NuGet packages to. This is the
approach I followed here using a fictitious company I have called Acme Corporation.

I will not go through setting up a storage account on Azure, but I will talk about accessing it
from your local machine.

I encourage you and your organization to consider using Azure. I will not
expand much on the benefits of using Azure other than to say that it is an
incredible time-saver. If I want to test a specific feature of an application
on a particular OS, within minutes I am able to spin up a VM and connect
to it via a remote desktop. It is immediately ready to use.
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After you have created your storage account on Azure, you will find the access keys on the
Access keys tab.

1. Make a note of the keys and the Storage account name.

Storage accounts > acmenuget - Access keys

? acmenuget - Access keys

) — Use access keys to authenticate your applications when making requests to this Azure storage

account. Store your access keys securely - for example, using Azure Key Vault - and don't share them.

. We reco I - - access re b Y re oron o 30 ave
Crverview We recommend regenera Ir access k egularly. You are provided two access keys so that

you can maintain connections using cne key while regenerating the other.

B Activity log

When you regenerate your access k ou must update an

zure resources and applications that

access

. . ; s storage account to use the new keys. This action will not interrupt access to disks from
M Access control (JAM) . .
your virtual machines, Learn more

& Tags

Storage accountname | acmenuget [
x Diagnose and solve problems
MNAME KEY
SETTINGS =
E key! mC E Q..
Access keys
Y key2 xyol E Q..

& Configuration

2. T also just created a File service called packages. To get here, click on Overview.
Then, under the Services heading, click on Files. On the File service window,
select packages and view the property information for the file share.
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Your storage account might differ from the examples in this book,
depending on what you called it.

Share properties

ﬁ Delete share

packages

https://acmenuget ‘ [

2017/01/29, 1:25:04 PM

Ox8
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3. Make a note of the URL specified in the properties. Using the URL, map a

network drive by changing the https:// part to \\ and any subsequent / to \ in
the path.

ﬁ'l, Map Metwaork Drive

What network folder would you like to map?

Specify the drive letter for the connection and the folder that you want to connect to:

Drive: i e

Folder: | ‘“acmenuget. ~ Browse...

Example: Viserver\share
Reconnect at sign-in
Connect using different credentials

Connect to a Web site that vou can use to store your documents and pictures.

Finish Cancel

4. Add this path to the Folder textbox and ensure that you have checked Connect
using different credentials.
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Windows Security b

Enter network credentials

Enter your credentials to connect to:
acmenuge

acmenuget

FESRORRRRRRRRRRR RO RN RO RRRRRRRD

Remember my credentials

More choices

acmenuget

@ Use a different account

0K Cancel

Use the storage account name as the username and one of the keys as the password. You
now have a network drive mapped to your Azure Storage account.
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How to do it...

1. Have alook at the PurchaseOrderAnalyzer project we created. You will see
that there is a tools folder containing two PowerShell scripts called
install.psl and uninstall.ps1.Itis here that you can specify any
installation-specific resources or actions to take when uninstalling the package.

Solution Explorer * 1 x
@E- o-sedBd F=R
Search Solution Explorer (Ctrl+;) P~

fa] Solution 'PurchaseOrderAnalyzer' (3 projects)

a PurchaseOrderAnalyzer (Portable)

& Service Capabilities

b Properties

[ =B References

4 tools
|y install.ps
|&4 uninstall.ps1

P ©* CodeFixProvider.cs
[0 Diagnostic.nuspec
B ©* DiagnosticAnalyzer.cs
v packages.config
B ReadMe.xt
I Resources.resy
[ PurchaseOrderfnalyzer. Test
B PurchaseOrderAnalyzer.Vsix

Solution Explorer | Team Explorer

2. Opening the Diagnostic.nuspec file, you will note that this contains
information regarding the NuGet package you are about to deploy. Make a point
of modifying this file accordingly as it contains information important to
developers consuming your NuGet package.

<?xml version="1.0"7?>
<package xmlns="http://schemas.microsoft.com/packaging/
2011/08/nuspec.xsd">
<metadata>
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<id>PurchaseOrderAnalyzer</id>
<version>1.1.1.1</version>
<title>Purchase Order Analyzer</title>
<authors>Dirk Strauss</authors>
<owners>Acme Corporation</owners>
<licenseUrl>http://www.acmecorporation.com/poanalyzer/
license</licenseUrl>
<projectUrl>http://www.acmecorporation.com/poanalyzer
</projectUrl>
<requireLicenseAcceptance>true</requirelLicenseAcceptance>
<description>Validate the creation of Purchase Order Objects
withing Acme Corporation's development projects
</description>
<releaseNotes>Initial release of the Purchase Order
Analyzer.</releaseNotes>
<copyright>Copyright</copyright>
<tags>PurchaseOrderAnalyzer, analyzers</tags>
<frameworkAssemblies>
<frameworkAssembly assemblyName="System"
targetFramework="" />
</frameworkAssemblies>
</metadata>
<!-- The convention for analyzers is to put language
agnostic dlls in analyzersportable50 and language
specific analyzers in either analyzersportable50cs or
analyzersportableb50vb ——>
<files>
<file src="*.dll" target="analyzersdotnetcs"
exclude="**Microsoft.CodeAnalysis.*;
**System.Collections.Immutable.*;
**System.Reflection.Metadata.*;
**System.Composition.*" />
<file src="tools*.psl" target="tools" />
</files>
</package>

3. Go ahead and build your code analyzer. You will see that a file called
PurchaseOrderAnalyzer.1.1.1.1.nupkghas been created in the bin folder
for your project. Copy that file to the mapped drive you created earlier in the
Azure Storage account.

4. Inside Visual Studio, add a new WinForms application. You can call this anything
you like. You can now add the Storage account as a NuGet location. Go to Tools,
NuGet Package Manager and click on Manage NuGet Packages for
Solution.... You will notice that, next to the Package source, which is currently
set to nuget.org, there is a small gear icon. Click on this.
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I created the Visual Studio WinForms application on a separate machine
for this example, but if you do not have access to a separate machine, try
using a VM to test this. If you do not have access to Azure, you can use
VirtualBox.

w WindowsFormsApp1 =

MuGet - Solution + X =

Browse Installed Updates Consolidate Manage Packages for Solution

Search (Ctrl+E) P - & []Include prerelease Package source: ' o3

Mo packages found

Each package is licensed to you by its owner. MuGet is not responsible for, nor does it
grant any licenses to, third-party packages.

[] Do not show this again
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5. The Options screen allows you to add an additional source for NuGet packages
by clicking on the green plus icon under Available package sources.

Options ? *

Search Options (Ctrl+E) P Available package sources: + Xt

[ Database Tools -
Dependency Validation

F# Tools

GitHub for Visual Studic

Graphics Diagnostics

Live Unit Testing

Mode,js Tools

MuGet Package Manager
General Machine-wide package

Mlicrosoft Wisual Studio Offline Packages

Office Tools CPrograrm Files (BENMicrosoft SDKs\MuGetPackagesh
PowerShell Tools

Python Tools
R Tools

S0L Server Tools Mame: |nuget.org |
Text Templating

Tools for Apache Cordova

b 7 ¥ W T VWO

A A T v T

Source: |https:f!api.nuget.org,’vﬂjindex.json | Update
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6. At the bottom of the Options window, enter a suitable name for the location and
enter the path to the Azure Storage account. This is the same path you entered
when you mapped the network drive. Before clicking on OK, click on the Update
button. Then click on the OK button.

Options ? *

Search Options (Ctrl+E) P Available package sources: + XK
[- Database Tools ~

Dependency Validation

F&# Tools

GitHub for Visual Studio

Graphics Diagnostics

Live Unit Testing

Mode,js Tools

MuGet Package Manager
General Machine-wide package

nuget.org
httpsiffapi.nuget.orgfvdfindexjson

b 7 W7 W T OV OW

Package Sources
Office Tools
PowerShell Tools
Python Tools
R Tools
50L Server Tools Hame: |AcmeNugetShare |
Text Templating
Tools for Apache Cordova

Mlicrozoft Wisual Studio Offline Packages
CFrogram Files (Bo\Microsoft SDES\MNuGetPackagesh,

bl i R il

Source: |\\acmenuget. | Update

[177 ]



Code Analyzers in Visual Studio

7. You can now change the Package source to set it to the Azure Storage account
location you mapped to. Doing this and clicking on the Browse tab of the NuGet
package manager will display all the packages on this file share. The information
under the Options section to the right is the information you defined in the
Diagnostic.nuspec file.

m WindowsFormsApp1 - g x
:
Installed Updates Consolidate Manage Packages for Solution
Search (Ctrl+E) P~ & [ Include prerelease Package source: AcmeMugetShare R
B PurchaseOrderAnalyzer by Dirk Strauss v1.1.1. (+) Options

Validate te creation of Purchase Order Objects withing Acme Corporation's

development projects
Description
Validate te creation of Purchase Order Objects
withing Acrne Corporation's development projects

Version: 1.1.1.1

Ownerl(s): Acme Corporation
Author(s): Dirk Strauss
License: hittp://

www.acmecorporation.com/
poanalyzer/license

Date published: Sunday, January 29, 2017
(1/29/2017)

Project URL: http://
www.acmecorporation.com/
poanalyzer

Tags: PurchaseOrderAnalyzer, analyzers

Each package is licensed to you by its owner. NuGet is not responsible for, nor does it grant

any licenses to, third-party packages. Bererieres

[] Do not show this again Mo dependencies
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8. You can now go ahead and install the code analyzer NuGet package. When you
have completed the installation, the code analyzer will be visible under the
Analyzers node under References in your project.

Solution Explorer = I
@eE- o-secam F=|R
Search Solution Explorer (Ctrl+;) P~

fa] Solution 'WindowsFormsApp1' (1 project)
4 [E] WindowsFormsApp1
& Service Capabilities
b Properties
4 =B References
4 &5 Analyzers
b & PurchaseCrderfnalyzer
u-B Microsoft.CSharp
=B Systern
u-B Systern.Core
u-B Systern.Data
u-B Systern.Data.DataSetBxtensions
u-B Systern.Deployment
=B Systemn.Drawing
u-B Systemn.Met.Http
u-B Systern.Windows.Forms
u-B Systermn.Xml
5B Systemn.Xml.Ling
w1 App.config
B ES] Forml.cs
v packages.config
P ©* Program.cs

Solution Explorer | Team Explorer

9. The code analyzer also works exactly as expected. Create a class called
PurchaseOrder and see the analyzer in action.
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11 —Inamespace WindowsFormsAppl

12 7

13 = public partial class Forml : Form

14 I

15 - public Forml()

16 {

17 InitializeComponent();

18 }

19

28 = private wvoid Forml_Load{cbject sender, Eventirgs e)
21 {

22

23 }

24 }

25

2B = public class PurchaseOrder

27 { D - . .
23 : #z class WindowsFormsApp1.PurchaseOrder
29 b

. } IReceiptable Interface not Implemented
o1 Show potential fixes (Ctrl+.)

How it works...

The NuGet package is the easiest way to deploy code to a large audience or even a few
developers. It takes all the heavy lifting out of sharing code and templates. It therefore
makes perfect sense to use NuGet to deploy your code analyzers. Setting up a private
repository using NuGet for sharing code within your organization is really simple.
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Regular expressions (regex) are something of a mystery to many developers. We admit that
they are something that we use often enough to warrant a deeper understanding of how
they work. On the flip side, there are so many tried and tested regex patterns on the
Internet, that just reusing one that already exists is easier than trying to create one yourself
most times. The subject of regex is much larger than what can be explained in a single
chapter in this book.

Therefore, in this chapter, we will merely introduce some of the concepts of regex. For a
deeper understanding of regex, further study is needed. For the purpose of this book,
however, we will take a closer look at how regular expression are created and how they can
be applied to some common programming problems. In this chapter, we will cover the
following recipes:

¢ Getting started with regex - Matching a valid date
e Sanitize input
e Dynamic regex matching

Introduction

A regular expression is a pattern that describes a string through the use of special characters
that denote a specific bit of text to match. The use of regular expression is not a new concept
in programming. For regex to work, it needs to use a regex engine that does all the heavy
lifting.

In the .NET Framework, Microsoft has provided for the use of regex. To use regex, you will
need to import the System.Text .RegularExpressions assembly to your project. This
will allow the compiler to use your regex pattern and apply it to the specific text you need
to match.
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Secondly, regex have a specific set of metacharacters that hold special meaning to the regex
engine. These charactersare [ ], { }, ( ), * +,,2, 1,5, .,and ".

The use of the curly brackets { }, for example, enables developers to specify the number of
times a specific set of characters need to occur. Using square brackets, on the other hand,
defines exactly what needs to be matched.

If we, for example, specified [abc], the pattern would look for lowercase As, Bs, and Cs.
regex, therefore, also allows you to define a range, for example, [a-c], which is interpreted
in exactly the same way as the [abc] pattern.

Regular expressions then also allow you to define characters to exclude using the »
character. Therefore, typing [“a-c] would find lowercase D through Z because the pattern
is telling the regex engine to exclude lowercase As, Bs, and Cs.

Regular expressions also define d and D a type of shortcut for [0-9] and [~0-9],
respectively. Therefore, d matches all numeric values, and D matches all non-numeric
values. Another shortcut is w and w, which match any character from lowercase A to Z,
irrespective of the case, all numeric values from 0 to 9, and the underscore character.
Therefore, wis [a-zA-Z0-9_]1, while wis [~a-zA-Z0-9_].

The basics of regex are rather easy to understand, but there is a lot more that you can do
with regex.

Getting started with regex - Matching a valid
date

If you haven't done so already, create a new console application and add a class to the
project called RegExDemo. Your code at this moment should look something like this:

class Program

{
static void Main(string[] args)
{
}

}

public class RegExDemo

{

}
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Getting ready

For the <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>