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Introduction

I\/I icrosoft Visual C# is a powerful but simple language aimed primarily at develop-
ers creating applications by using the Microsoft .NET Framework. It inherits many
of the best features of C++ and Microsoft Visual Basic, but few of the inconsistencies
and anachronisms, resulting in a cleaner and more logical language. C# 1.0 made its
public debut in 2001. The advent of C# 2.0 with Visual Studio 2005 saw several impor-
tant new features added to the language, including generics, iterators, and anony-
mous methods. C# 3.0, which was released with Visual Studio 2008, added extension
methods, lambda expressions, and most famously of all, the Language-Integrated
Query facility, or LINQ. C# 4.0, released in 2010, provided further enhancements that
improved its interoperability with other languages and technologies. These features
included support for named and optional arguments, and the dynamic type, which
indicates that the language runtime should implement late binding for an object. An
important addition in the .NET Framework released concurrently with C# 4.0 was the
classes and types that constitute the Task Parallel Library (TPL). Using the TPL, you can
build highly scalable applications that can take full advantage of multicore processors
quickly and easily. C# 5.0 adds native support for asynchronous task-based processing
through the async method modifier and the await operator.

Another key event for Microsoft has been the launch of Windows 8. This new version
of Windows supports highly interactive applications that can share data and collabo-
rate with each other as well as connect to services running in the cloud. The develop-
ment environment provided by Microsoft Visual Studio 2012 makes all these powerful
features easy to use, and the many new wizards and enhancements included in Visual
Studio 2012 can greatly improve your productivity as a developer. The combination
of Visual Studio 2012, Windows 8, and C# 5.0 provides a comprehensive platform and
toolset for building the next generation of powerful, intuitive, and portable applica-
tions. However, even if you are not using Windows 8, Visual Studio 2012 and C# 5.0
have much to offer, and they form an invaluable partnership for helping you to build
great solutions.

Who Should Read This Book

This book assumes that you are a developer who wants to learn the fundamentals of
programming with C# by using Visual Studio 2012 and the .NET Framework version 4.5.
By the time you complete this book, you will have a thorough understanding of C# and
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will have used it to build responsive and scalable Windows Presentation Foundation
(WPF) applications that can run on both Windows 7 and Windows 8.

You can build and run C# 5.0 applications on Windows 7 and Windows 8, although
the user interfaces provided by these two operating systems have some significant dif-
ferences. Consequently, Parts | to Il of this book provide exercises and worked exam-
ples that will run in both environments. Part IV focuses on the application development
model used by Windows 8, and the material in this section provides an introduction to
building interactive applications for this new platform.

Who Should Not Read This Book

This book is aimed at developers new to C#, and as such, it concentrates primarily on
the C# language. This book is not intended to provide detailed coverage of the multi-
tude of technologies available for building enterprise-level applications for Windows,
such as ADO.NET, ASP.NET, Windows Communication Foundation, or Workflow
Foundation. If you require more information on any of these items, you might consider
reading some of the other titles in the Step by Step for Developers series available from
Microsoft Press, such as Microsoft ASP.NET 4 Step by Step, Microsoft ADO.NET 4 Step by
Step, and Microsoft Windows Communication Foundation 4 Step by Step.

Organization of This Book

This book is divided into four sections:

m  Partl, "Introducing Microsoft Visual C# and Microsoft Visual Studio 2012,"
provides an introduction to the core syntax of the C# language and the Visual
Studio programming environment.

m  Partll, "Understanding the C# Object Model," goes into detail on how to create
and manage new types by using C#, and how to manage the resources refer-
enced by these types.

m  Part lll, "Defining Extensible Types with C#" includes extended coverage of the
elements that C# provides for building types that you can reuse across multiple
applications.

m  Part IV, "Building Professional Window 8 Applications with C#," describes the
Windows 8 programming model, and how you can use C# to build interactive
applications for this new model.

Introduction



Note Although Part IV is aimed at Windows 8, many of the concepts de-
scribed in Chapters 23 and 24 are applicable to Windows 7 applications.

Finding Your Best Starting Point in This Book

This book is designed to help you build skills in a number of essential areas. You can use

this book if you are new to programming or if you are switching from another pro-

gramming language such as C, C++, Java, or Visual Basic. Use the following table to find

your best starting point.

If you are

New to object-oriented
programming

Follow these steps

1.

2.
3.

Install the practice files as described in the upcoming section,
“Code Samples.”

Work through the chapters in Parts |, Il, and Il sequentially.

Complete Part IV as your level of experience and interest
dictates.

Familiar with procedural pro-
gramming languages such as C
but new to C#

1.

Install the practice files as described in the upcoming section,
“Code Samples.” Skim the first five chapters to get an over-
view of C# and Visual Studio 2012, and then concentrate on
Chapters 6 through 22.

Complete Part IV as your level of experience and interest
dictates.

Migrating from an object-
oriented language such as C++
or Java

Install the practice files as described in the upcoming section,
“Code Samples.”

Skim the first seven chapters to get an overview of C# and
Visual Studio 2012, and then concentrate on Chapters 7
through 22.

For information about building scalable Windows 8 applica-
tions, read Part IV.

Switching from Visual Basic 6
to C#

Install the practice files as described in the upcoming section,
“Code Samples.”

Work through the chapters in Parts |, Il, and lll sequentially.
For information about building Windows 8 applications, read
Part IV.

Read the Quick Reference sections at the end of the chapters
for information about specific C# and Visual Studio 2012
constructs.

Referencing the book after
working through the exercises

Use the index or the table of contents to find information
about particular subjects.

Read the Quick Reference sections at the end of each chapter
to find a brief review of the syntax and techniques presented
in the chapter.

Most of the book’s chapters include hands-on samples that let you try out the
concepts just learned. No matter which sections you choose to focus on, be sure to
download and install the sample applications on your system.

Introduction
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Conventions and Features in This Book

This book presents information using conventions designed to make the information

readable and easy to follow.

Each exercise consists of a series of tasks, presented as numbered steps (1, 2,
and so on) listing each action you must take to complete the exercise.

Boxed elements with labels such as “Note” provide additional information or
alternative methods for completing a step successfully.

Text that you type (apart from code blocks) appears in bold.

A plus sign (+) between two key names means that you must press those keys at
the same time. For example, “Press Alt+Tab” means that you hold down the Alt
key while you press the Tab key.

A vertical bar between two or more menu items (for example, File | Close)
means that you should select the first menu or menu item, then the next, and
so on.

System Requirements

You will need the following hardware and software to complete the practice exercises in
this book:

Introduction

Windows 7 (x86 and x64), Windows 8 (x86 and x64), Windows Server 2008 R2
(x64), Windows Server 2012 (x64).

Note Visual Studio 2012 is also available for Windows Vista, Windows
XP, and Windows Server 2003. However, the exercises and code in this
book have not been tested on these platforms.

Visual Studio 2012 (any edition except Visual Studio Express for Windows 8).

Note You can use Visual Studio Express 2012 for Windows Desktop,
but you can only perform the Windows 7 version of the exercises in
this book by using this software. You cannot use this software to per-
form the exercises in Part IV of this book.



Computer that has a 1.6 GHz or faster processor (2 GHz recommended).

1 GB (32-bit) or 2 GB (64-bit) RAM (add 512 MB if running in a virtual machine).
10 GB of available hard disk space.

5400 RPM hard disk drive.

DirectX 9 capable video card running at 1024 x 768 or higher resolution
display; If you are using Windows 8, a resolution of 1366 x 768 or greater is
recommended.

DVD-ROM drive (if installing Visual Studio from a DVD).

Internet connection to download software or chapter examples.

Depending on your Windows configuration, you might require Local Administrator
rights to install or configure Visual Studio 2012.

Code Samples

Most of the chapters in this book include exercises that let you interactively try out new
material learned in the main text. All sample projects, in both their pre-exercise and
postexercise formats, can be downloaded from the following page:

http://go.microsoft.com/FWLink/?Linkid=273785

Follow the instructions to download the 9780735668010 _files.zip file.

Note In addition to the code samples, your system should have Visual Studio
2012 installed. If available, install the latest service packs for Windows and
Visual Studio.

Installing the Code Samples

Follow these steps to install the code samples on your computer so that you can use
them with the exercises in this book.

1.

Move to your Documents folder and create a new folder called Microsoft Press.
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2. Copy the file that you downloaded from the book's website into the Microsoft
Press folder.

3. Unzip the file and allow it to create the folder Visual CSharp Step By Step.

Note If the license agreement doesn't appear, you can access it from the
same webpage from which you downloaded the <yoursamplefile.zip> file.

Using the Code Samples

Each chapter in this book explains when and how to use any code samples for that
chapter. When it's time to use a code sample, the book will list the instructions for how
to open the files.

For those of you who like to know all the details, here's a list of the code sample
Visual Studio 2012 projects and solutions, grouped by the folders where you can find
them. In many cases, the exercises provide starter files and completed versions of the
same projects that you can use as a reference. The code samples provide versions
of the code for Window 7 and Windows 8, and the exercise instructions call out any
differences in the tasks that you need to perform or the code that you need to write
for these two operating systems. The completed projects for each chapter are stored in
folders with the suffix "- Complete".

Note If you are using Windows Server 2008 R2, follow the instructions for
Windows 7. If you are using Windows Server 2012, follow the instructions for

Windows 8.

Project Description

Chapter 1

TextHello This project gets you started. It steps through the creation of a simple
program that displays a text-based greeting.

WPFHello This project displays the greeting in a window by using Windows
Presentation Foundation (WPF).

Chapter 2

PrimitiveDataTypes This project demonstrates how to declare variables by using each of
the primitive types, how to assign values to these variables, and how to
display their values in a window.

MathsOperators This program introduces the arithmetic operators (+ - * / %).
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Project

Chapter 3
Methods

DailyRate

DailyRate Using Optional
Parameters

Description

In this project, you'll reexamine the code in the previous project and
investigate how it uses methods to structure the code.

This project walks you through writing your own methods, running the
methods, and stepping through the method calls by using the Visual
Studio 2010 debugger.

This project shows you how to define a method that takes optional
parameters and call the method by using named arguments.

Chapter 4

Selection

SwitchStatement

This project shows you how to use a cascading if statement to imple-
ment complex logic, such as comparing the equivalence of two dates.

This simple program uses a switch statement to convert characters into
their XML representations.

Chapter 5
WhileStatement

This project demonstrates a while statement that reads the contents of
a source file one line at a time and displays each line in a text box on a
form.

DoStatement This project uses a do statement to convert a decimal number to its
octal representation.

Chapter 6

MathsOperators This project revisits the MathsOperators project from Chapter 2,
"Working with Variables, Operators, and Expressions,” and shows how
various unhandled exceptions can make the program fail. The try and
catch keywords then make the application more robust so that it no
longer fails.

Chapter 7

Classes This project covers the basics of defining your own classes, complete
with public constructors, methods, and private fields. It also shows how
to create class instances by using the new keyword and how to define
static methods and fields.

Chapter 8

Parameters This program investigates the difference between value parameters
and reference parameters. It demonstrates how to use the ref and out
keywords.

Chapter 9

StructsAndEnums This project defines a struct type to represent a calendar date.

Chapter 10

Cards This project shows how to use arrays to model hands of cards in a card

game.
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Project Description

Chapter 11

ParamsArrays This project demonstrates how to use the params keyword to create a
single method that can accept any number of int arguments.

Chapter 12

Vehicles This project creates a simple hierarchy of vehicle classes by using in-

ExtensionMethod

heritance. It also demonstrates how to define a virtual method.

This project shows how to create an extension method for the int type,
providing a method that converts an integer value from base 10 to a
different number base.

Chapter 13

Drawing Using Interfaces

Drawing Using Abstract
Classes

This project implements part of a graphical drawing package. The proj-
ect uses interfaces to define the methods that drawing shapes expose
and implement.

This project extends the Drawing Using Interfaces project to factor
common functionality for shape objects into abstract classes.

Chapter 14

GarbageCollectionDemo

This project shows how to implement exception-safe disposal of re-
sources by using the Dispose pattern.

Chapter 15

Drawing Using Properties

AutomaticProperties

This project extends the application in the Drawing Using Abstract
Classes project developed in Chapter 13 to encapsulate data in a class
by using properties.

This project shows how to create automatic properties for a class and
use them to initialize instances of the class.

Chapter 16

Indexers This project uses two indexers: one to look up a person’s phone num-
ber when given a name and the other to look up a person’s name when
given a phone number.

Chapter 17

BinaryTree This solution shows you how to use generics to build a typesafe struc-
ture that can contain elements of any type.

BuildTree This project demonstrates how to use generics to implement a typesafe
method that can take parameters of any type.

Chapter 18

Cards This project updates the code from Chapter 10 to show how to use col-

lections to model hands of cards in a card game.
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Project

Chapter 19

BinaryTree

IteratorBinaryTree

Description

This project shows you how to implement the generic [Enumerator<T>
interface to create an enumerator for the generic Tree class.

This solution uses an iterator to generate an enumerator for the generic
Tree class.

Chapter 20

Delegates

Delegates With Event

This project shows how to decouple a method from the application
logic that invokes it by using a delegate.

This project shows how to use an event to alert an object to a signifi-
cant occurrence, and how to catch an event and perform any process-
ing required.

Chapter 21
QueryBinaryTree

This project shows how to use LINQ queries to retrieve data from a
binary tree object.

Chapter 22

ComplexNumbers

This project defines a new type that models complex numbers and
implements common operators for this type.

Chapter 23
GraphDemo

GraphDemo With Tasks

Parallel GraphDemo

GraphDemo With

This project generates and displays a complex graph on a WPF form. It
uses a single thread to perform the calculations.

This version of the GraphDemo project creates multiple tasks to per-
form the calculations for the graph in parallel.

This version of the GraphDemo project uses the Parallel class to ab-
stract out the process of creating and managing tasks.

This project shows how to implement cancellation to halt tasks in a

Cancellation controlled manner before they have completed.

ParallelLoop This application provides an example showing when you should not
use the Parallel class to create and run tasks.

Chapter 24

GraphDemo This is a version of the GraphDemo project from Chapter 23 that uses
the async keyword and the await operator to perform the calculations
that generate the graph data asynchronously.

PLINQ This project shows some examples of using PLINQ to query data by
using parallel tasks.

CalculatePI This project uses a statistical sampling algorithm to calculate an ap-

proximation for pi. It uses parallel tasks.
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Project

Chapter 25

Customers Without
Scalable Ul

Customers With Scalable Ul

Customers With Adaptive
ul

Customers With Styles

Description

This project uses the default Grid control to lay out the user interface
for the Adventure Works Customers application. The user interface
uses absolute positioning for the controls and does not scale to differ-
ent screen resolutions and form factors.

This project uses nested Grid controls with row and column definitions
to enable relative positioning of controls. This version of the user inter-
face scales to different screen resolutions and form factors, but it does
not adapt well to Snapped view.

This project extends the version with the scalable user interface. It uses
the Visual State Manager to detect whether the application is running
in Snapped view, and it changes the layout of the controls accordingly.

This version of the Customers project uses XAML styling to change the
font and background image displayed by the application.

Chapter 26

DataBinding This project uses data binding to display customer information re-
trieved from a data source in the user interface. It also shows how to
implement the INotifyPropertyChanged interface to enable the user
interface to update customer information and send these changes back
to the data source.

ViewModel This version of the Customers project separates the user interface from
the logic that accesses the data source by implementing the Model-
View-ViewModel pattern.

Search This project implements the Windows 8 Search contract. A user can
search for customers by first name or last name.

Chapter 27

Data Service

Updatable ViewModel

This solution includes a web application that provides a WCF Data
Service that the Customers application uses to retrieve customer data
from a SQL Server database. The WCF Data Service uses an entity mod-
el created by using the Entity Framework to access the database.

The Customers project in this solution contains an extended
ViewModel with commands that enable the user interface to insert and
update customer information by using the WCF Data Service.
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advance for your input!
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Let's keep the conversation going! We're on Twitter: http.//twitter.com/MicrosoftPress
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Introducing
Microsoft Visual C#
and Microsoft
Visual Studio 2012

Microsoft Visual C# is Microsoft's powerful component-oriented
language. C# plays an important role in the architecture of the
Microsoft .NET Framework, and some people have compared

it to the role that C played in the development of UNIX. If you
already know a language such as C, C++, or Java, you'll find the
syntax of C# reassuringly familiar. If you are used to program-
ming in other languages, you should soon be able to pick up
the syntax and feel of C#; you just need to learn to put the
braces and semicolons in the right place.

In Part I, you'll learn the fundamentals of C#. You'll discover
how to declare variables and how to use arithmetic operators
such as the plus sign (+) and minus sign () to manipulate the
values in variables. You'll see how to write methods and pass
arguments to methods. You'll also learn how to use selection
statements such as if and iteration statements such as while.
Finally, you'll understand how C# uses exceptions to handle
errors in a graceful, easy-to-use manner. These topics form the
core of C#, and from this solid foundation, you'll progress to
more advanced features in Part Il through Part IV.






Welcome to C#

After completing this chapter, you will be able to

m  Use the Microsoft Visual Studio 2012 programming environment.
m  Create a C# console application.

m  Explain the purpose of namespaces.

m  Create a simple graphical C# application.

This chapter provides an introduction to Visual Studio 2012, the programming environment and tool-
set designed to help you build applications for Microsoft Windows. Visual Studio 2012 is the ideal tool
for writing C# code, and it provides many features that you will learn about as you progress through
this book. In this chapter, you will use Visual Studio 2012 to build some simple C# applications and
get started on the path to building highly functional solutions for Windows.

Beginning Programming with the
Visual Studio 2012 Environment

Visual Studio 2012 is a tool-rich programming environment containing the functionality that you
need to create large or small C# projects running on Windows 7 and Windows 8. You can even con-
struct projects that seamlessly combine modules written in different programming languages such
as C++, Visual Basic, and F#. In the first exercise, you will open the Visual Studio 2012 programming
environment and learn how to create a console application.

Note A console application is an application that runs in a command prompt window rather
than providing a graphical user interface (GUI).

Create a console application in Visual Studio 2012

m [If you are using Windows 8, on the Start screen click the Visual Studio 2012 tile.

Visual Studio 2012 starts and displays the Start page, like this (your Start page may be differ-
ent, depending on the edition of Visual Studio 2012 you are using):



O tort Page - Microsoft Visusl Studio Quick Launch (Ctrle @ p - B x
FLE KD VEW DEBUG TEAM  SQL  TOOLS TEST  ANALYZE WINDUW  HELP
@@ e b Attach.. ~ A

~  Solution Explorer -ax

GEI SIARIED

Welcome

add-ons and eamples

Manage your projects in the doud
Learn how o set up y n

Solution Explorer | Team Explorer

Note [f this is the first time you have run Visual Studio 2012, you might see a dialog box
prompting you to choose your default development environment settings. Visual Studio
2012 can tailor itself according to your preferred development language. The various dia-
log boxes and tools in the integrated development environment (IDE) will have their de-
fault selections set for the language you choose. Select Visual C# Development Settings
from the list, and then click the Start Visual Studio button. After a short delay, the Visual
Studio 2012 IDE appears.

m  If you are using Windows 7, perform the following operations to start Visual Studio 2012:

a. On the Microsoft Windows taskbar, click the Start button, point to All Programs, and then
click the Microsoft Visual Studio 2012 program group.

b. In the Microsoft Visual Studio 2012 program group, click Visual Studio 2012.

Visual Studio 2012 starts and displays the Start page.

Note To avoid repetition, throughout this book, | will simply state “Start Visual
Studio” when you need to open Visual Studio 2012, regardless of the operating sys-
tem you are using.
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Perform the following tasks to create a new console application:
a. On the FILE menu, point to New, and then click Project.

The New Project dialog box opens. This dialog box lists the templates that you
can use as a starting point for building an application. The dialog box categorizes
templates according to the programming language you are using and the type of
application.

b. Inthe left pane, under Templates, click Visual C#. In the middle pane, verify that the combo
box at the top of the pane displays the text .NET Framework 4.5, and then click the Console
Application icon.

New Project _

P Recent MET Framework 4.5 ~ Sort by: Default | & Search Installed Templates P -
4 |nstalled c# - .
‘Windows Ferms Application Visual C# Type: Visual G2
-
4 Templates - A project for creating a command-line
4 Visual C# ‘: WPF Application Visual C# application
Wind Sty CH
s Stors Bl Console Application Visual C2
Windows
cit
Web 5_] ASP.NET Web Forms Application Visual C#
b Office cn
Cloud E‘ﬁ! Class Library Visual CG#
Reporti C#
i El;i! Portable Class Library Visual C#
b SharePoint =
Cit
Sibverlight | I Elank App (XAML) Visual C#
Test oo
— g_] ASP.NET MVC 3 Web Application Visual C#
. c#
fVnccw=hions s_] ASP.NET MVC 4 Web Application Visual C#
Workflow
c
LightSwitch P ] Grid App (xAMD) Visual C#
- 0
. c
b Online @ Silverlight Application Visual C# -
Name: ‘TestHeHol |
Location: C:h\Users\John'\Documents\Microsoft Press\Visual CSharp Step By Step\Chapt - Browse...
| ep By step P
Solution name: TestHelle Create directory for solution
[] Add to source control

c. Inthe Location field, type C:\Users\YourName\Documents\Microsoft Press\Visual
CSharp Step By Step\Chapter 1. Replace the text YourName in this path with your
Windows username.

Note To save space throughout the rest of this book, | will simply refer to the path
C:\Users\YourName\Documents as your Documents folder.
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@ Tip If the folder you specify does not exist, Visual Studio 2012 creates it for you.

d. Inthe Name field, type TestHello (overtype the existing name, ConsoleApplicationl).
e. Ensure that the Create Directory for Solution check box is selected, and then click OK.

Visual Studio creates the project using the Console Application template and displays the starter
code for the project, like this:

Toolbar Menu Bar

M TestHello - Microsoft Visual Studio
FILE EDIT VIEW PROJECT BUILD DEBUG TEAM SQL TOOLS TEST ANALYZE WINDOW  HELP

-0 B-&M @ - pStot-Debug - A_WIE VB N .

Program.cs # X

‘:'-ﬁT::-'.H-:II.w.Pr-.u;lr-nn - G’a Main(string[] args)
-hsing System;
using System.Collections.Generic;
using System.Linq;
using System.Text;
using System.Threading.Tasks;

*0Q|oo]

-Inamespace TestHello
{

- class Program

= static v|fid Main(string[] args)
{
1
}
I

Code and Text Editor Window

The menu bar at the top of the screen provides access to the features you'll use in the pro-
gramming environment. You can use the keyboard or the mouse to access the menus and
commands exactly as you can in all Windows-based programs. The toolbar is located beneath
the menu bar and provides button shortcuts to run the most frequently used commands.

The Code and Text Editor window occupying the main part of the screen displays the contents
of source files. In a multifile project, when you edit more than one file, each source file has its
own tab labeled with the name of the source file. You can click the tab to bring the named
source file to the foreground in the Code and Text Editor window.

The Solution Explorer pane appears on the right side of the dialog box:
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Solution Explorer =
@ e-2Rd
Search Solution Explarer (Ctrl +) P~
fad Solution TestHello' {1 project)
4 [c7] TestHello
b S Properties
b =B References

9 App.config
P o Prograrm.cs

Solution Explorer | Team Explorer

Solution Explorer displays the names of the files associated with the project, among other

items. You can also double-click a file name in the Solution Explorer pane to bring that source

file to the foreground in the Code and Text Editor window.

Before writing the code, examine the files listed in Solution Explorer, which Visual Studio 2012

has created as part of your project:

e Solution ‘TestHello’ This is the top-level solution file. Each application contains a single
solution file. A solution can contain one or more projects, and Visual Studio 2012 creates
the solution file to help organize these projects. If you use Windows Explorer to look at
your Documents\Microsoft Press\Visual CSharp Step By Step\Chapter 1\TestHello folder,
you'll see that the actual name of this file is TestHello.sIn.

e TestHello This is the C# project file. Each project file references one or more files con-
taining the source code and other artifacts for the project, such as graphics images. All
the source code in a single project must be written in the same programming language.
In Windows Explorer, this file is actually called TestHello.csproj, and it is stored in the
\Microsoft Press\Visual CSharp Step By Step\Chapter 1\TestHello\TestHello folder under
your Documents folder.

e Properties This is a folder in the TestHello project. If you expand it (click the arrow next to
the text Properties), you will see that it contains a file called AssemblylInfo.cs. AssemblyInfo.

cs is a special file that you can use to add attributes to a program, such as the name of the
author, the date the program was written, and so on. You can specify additional attributes

to modify the way in which the program runs. Explaining how to use these attributes is
beyond the scope of this book.

e References This folder contains references to libraries of compiled code that your ap-
plication can use. When your C# code is compiled, it is converted into a library and given

a unique name. In the .NET Framework, these libraries are called assemblies. Developers use

assemblies to package useful functionality that they have written so they can distribute it

Welcome to C#
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to other developers who might want to use these features in their own applications. If you
expand the References folder, you can see the default set of references that Visual Studio
2012 adds to your project. These assemblies provide access to many of the commonly used
features of the .NET Framework and are provided by Microsoft with Visual Studio 2012.
You will learn about many of these assemblies as you progress through the exercises in

this book.

e App.config This is the application configuration file. It is optional, and it may not always
be present. You can specify settings that your application can use at runtime to modify its
behavior, such as the version of the .NET Framework to use to run the application. You will
learn more about this file in later chapters of this book.

e Program.cs This is a C# source file, and it is displayed in the Code and Text Editor window
when the project is first created. You will write your code for the console application in this
file. It also contains some code that Visual Studio 2012 provides automatically, which you
will examine shortly.

Writing Your First Program

The Program.cs file defines a class called Program that contains a method called Main. In C#, all
executable code must be defined inside a method, and all methods must belong to a class or a struct.
You will learn more about classes in Chapter 7, “Creating and Managing Classes and Objects,” and you
will learn about structs in Chapter 9, “Creating Value Types with Enumerations and Structures.”

The Main method designates the program'’s entry point. This method should be defined in the
manner specified in the Program class, as a static method, otherwise the .NET Framework may not
recognize it as the starting point for your application when you run it. (You will look at methods in
detail in Chapter 3, "Writing Methods and Applying Scope,” and Chapter 7 provides more information
on static methods.)

V Important C# is a case-sensitive language. You must spell Main with an uppercase M.

In the following exercises, you write the code to display the message “Hello World!” to the console
window; you build and run your Hello World console application; and you learn how namespaces are
used to partition code elements.
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Write the code by using Microsoft IntelliSense

1.

In the Code and Text Editor window displaying the Program.cs file, place the cursor in the
Main method immediately after the opening brace, {, and then press Enter to create a
new line.

On the new line, type the word Console; this is the name of another class provided by the
assemblies referenced by your application. It provides methods for displaying messages in the
console window and reading input from the keyboard.

As you type the letter C at the start of the word Console, an IntelliSense list appears.

—Inamespace TestHello

{
= class Program
{
= static void Main(string[] args)
{
Cons,
b RS - ystem Console
1 ¥ %3 ConsoleCancelEventArgs Represents the standard input, cutput, and error streams for console

ConsoleCancelEventHandler applications. This class cannot be inherited.

ConsoleColor
ConsoleKey
ConsoleKeylnfo
ConsoleModifiers

ConsoleSpecialkey

oo mp e U O B

const

This list contains all of the C# keywords and data types that are valid in this context. You can
either continue typing or scroll through the list and double-click the Console item with the
mouse. Alternatively, after you have typed Cons, the IntelliSense list automatically homes in
on the Console item, and you can press the Tab or Enter key to select it.

Main should look like this:
static void Main(string[] args)

{

Console

}

Note Console is a built-in class.

Type a period immediately after Console. Another IntelliSense list appears, displaying the
methods, properties, and fields of the Console class.

Scroll down through the list, select WriteLine, and then press Enter. Alternatively, you can con-
tinue typing the characters W, r, i, t, e, L until WriteLine is selected, and then press Enter.

The IntelliSense list closes, and the word WriteLine is added to the source file. Main should
now look like this:
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static void Main(string[] args)
{

Console.WriteLine

}
Type an opening parenthesis, (. Another IntelliSense tip appears.

This tip displays the parameters that the WriteLine method can take. In fact, WriteLine is an
overloaded method, meaning that the Console class contains more than one method named
WriteLine—it actually provides 19 different versions of this method. Each version of the
WriteLine method can be used to output different types of data. (Chapter 3 describes over-
loaded methods in more detail.) Main should now look like this:

static void Main(string[] args)
{

Console.WriteLine(

}

Tip You can click the up and down arrows in the tip to scroll through the different
overloads of WriteLine.

Type a closing parenthesis, ), followed by a semicolon, ;.
Main should now look like this:

static void Main(string[] args)
{

Console.WriteLine(Q);

}

Move the cursor, and type the string “Hello World!”, including the quotation marks, between

the left and right parentheses following the WriteLine method.
Main should now look like this:

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

}

Tip Get into the habit of typing matched character pairs, such as (and ) and { and
}, before filling in their contents. It's easy to forget the closing character if you wait
until after you've entered the contents.
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IntelliSense Icons

When you type a period after the name of a class, IntelliSense displays the name of every member
of that class. To the left of each member name is an icon that depicts the type of member. Common
icons and their types include the following:

Icon

@

~

O

Meaning

Method (discussed in Chapter 3)

Property (discussed in Chapter 15)

Class (discussed in Chapter 7)

Struct (discussed in Chapter 9)

Enum (discussed in Chapter 9)

Extension method (discussed in Chapter 12)

Interface (discussed in Chapter 13)

Delegate (discussed in Chapter 17)

Event (discussed in Chapter 17)

Namespace (discussed in the next section of this chapter)

You will also see other IntelliSense icons appear as you type code in different contexts.

You will frequently see lines of code containing two forward slashes, //, followed by ordinary text.
These are comments. They are ignored by the compiler but are very useful for developers because
they help document what a program is actually doing. For example:

Console.ReadlLine(); // Wait for the user to press the Enter key

The compiler skips all text from the two slashes to the end of the line. You can also add multiline com-
ments that start with a forward slash followed by an asterisk (/*). The compiler skips everything until it
finds an asterisk followed by a forward slash sequence (*/), which could be many lines lower down. You are
actively encouraged to document your code with as many meaningful comments as necessary.
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Build and run the console application

1. On the BUILD menu, click Build Solution.

This action compiles the C# code, resulting in a program that you can run. The Output window
appears below the Code and Text Editor window.

Q Tip If the Output window does not appear, on the VIEW menu, click Output to
display it.

In the Output window, you should see messages similar to the following indicating how the
program is being compiled:

1>------ Build started: Project: TestHello, Configuration: Debug Any CPU ------

1> TestHello -> C:\Users\John\Documents\Microsoft Press\Visual CSharp Step By Step\
Chapter 1\TestHello\TestHello\bin\Debug\TestHello.exe

========== Build: 1 succeeded, 0 failed, 0 up-to-date, 0 skipped ==========

If you have made any mistakes, they will be reported in the Error List window. The following
image shows what happens if you forget to type the closing quotation marks after the text
Hello World in the WriteLine statement. Notice that a single mistake can sometimes cause
multiple compiler errors.

Program.cs # X -

X0g|oo|

“, TestHello.Pragram + @, Main(string[] args)
—lusing System;
using System.Cellections.Genericy
using System.Ling;
using System.Text;
using System.Threading.Tasks;

>k

—Inamespace TestHello
{
= class Program

{

= static void Main(string[] args)

i
Console.Writeline("Hello World!);
b
}

}

v

100% | < »

w2 Sesch Error List o
Description File = Line =~ Colu... =~  Project =~

€31 Newline in constant Program.cs 13 3 TestHello

2 ; expected Program.cs 13 25 TestHello

€33 ) expected Program.cs 13 25 TestHello

Error List | Qutput
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2.

Tip You can double-click an item in the Error List window, and the cursor will be
placed on the line that caused the error. You should also notice that Visual Studio
displays a wavy red line under any lines of code that will not compile when you
enter them.

If you have followed the previous instructions carefully, there should be no errors or warnings,
and the program should build successfully.

Tip There is no need to save the file explicitly before building because the Build
Solution command automatically saves the file.

An asterisk after the file name in the tab above the Code and Text Editor window
indicates that the file has been changed since it was last saved.

On the DEBUG menu, click Start Without Debugging.

A command window opens, and the program runs. The message "Hello World!" appears, and
then the program waits for you to press any key, as shown in the following graphic:

CA\Windows\system32\cmd.exe

ello World?
[Press any key to continue . . . _

Note The prompt “Press any key to continue . .." is generated by Visual Studio;
you did not write any code to do this. If you run the program by using the Start
Debugging command on the DEBUG menu, the application runs, but the command
window closes immediately without waiting for you to press a key.

Ensure that the command window displaying the program'’s output has the focus, and then
press Enter.

The command window closes, and you return to the Visual Studio 2012 programming
environment.

In Solution Explorer, click the TestHello project (not the solution), and then click the Show All Files
toolbar button on the Solution Explorer toolbar. Note that you may need to click the >> button on
the right edge of the Solution Explorer toolbar to make this button appear.
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b ©* Program.cs
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Entries named bin and obj appear above the Program.cs file. These entries correspond directly
to folders named bin and obj in the project folder (Microsoft Press\Visual CSharp Step By
Step\Chapter 1\TestHello\TestHello). Visual Studio creates these folders when you build your
application, and they contain the executable version of the program together with some other
files used to build and debug the application.

In Solution Explorer, expand the bin entry.

Another folder named Debug appears.
Note You might also see a folder called Release.

In Solution Explorer, expand the Debug folder.

Several more items appear, including a file named TestHello.exe. This is the compiled program,
and it is this file that runs when you click Start Without Debugging on the DEBUG menu. The
other files contain information that is used by Visual Studio 2012 if you run your program in
debug mode (when you click Start Debugging on the DEBUG menu).

Using Namespaces

14

The example you have seen so far is a very small program. However, small programs can soon grow into
much bigger programs. As a program grows, two issues arise. First, it is harder to understand and maintain
big programs than it is to understand and maintain smaller ones. Second, more code usually means more
classes, with more methods, requiring you to keep track of more names. As the number of names increases,
so does the likelihood of the project build failing because two or more names clash; for example, you might
try and create two classes with the same name. The situation becomes more complicated when a program
references assemblies written by other developers who have also used a variety of names.

In the past, programmers tried to solve the name-clashing problem by prefixing names with some
sort of qualifier (or set of qualifiers). This is not a good solution because it's not scalable; names be-
come longer, and you spend less time writing software and more time typing (there is a difference),
and reading and rereading incomprehensibly long names.
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Namespaces help solve this problem by creating a container for items such as classes. Two classes
with the same name will not be confused with each other if they live in different namespaces. You
can create a class named Greeting inside the namespace named TestHello by using the namespace
keyword like this:

namespace TestHello

{

class Greeting

{

}

You can then refer to the Greeting class as TestHello.Greeting in your programs. If another develop-
er also creates a Greeting class in a different namespace, such as NewNamespace, and you install the
assembly that contains this class on your computer, your programs will still work as expected because
they are using the TestHello.Greeting class. If you want to refer to the other developer’s Greeting class,
you must specify it as NewNamespace.Greeting.

It is good practice to define all your classes in namespaces, and the Visual Studio 2012 environ-
ment follows this recommendation by using the name of your project as the top-level namespace.
The .NET Framework class library also adheres to this recommendation; every class in the .NET
Framework lives inside a namespace. For example, the Console class lives inside the System namespace.
This means that its full name is actually System.Console.

Of course, if you had to write the full name of a class every time you used it, the situation would be
no better than prefixing qualifiers or even just naming the class with some globally unique name such
SystemConsole. Fortunately, you can solve this problem with a using directive in your programs. If you
return to the TestHello program in Visual Studio 2012 and look at the file Program.cs in the Code and
Text Editor window, you will notice the following lines at the top of the file:

using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Threading.Tasks;

These lines are using directives. A using directive brings a namespace into scope. In subsequent
code in the same file, you no longer have to explicitly qualify objects with the namespace to which
they belong. The five namespaces shown contain classes that are used so often that Visual Studio
2012 automatically adds these using statements every time you create a new project. You can add
further using directives to the top of a source file if you need to reference other namespaces.

The following exercise demonstrates the concept of namespaces in more depth.
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Try longhand names

1.

In the Code and Text Editor window displaying the Program.cs file, comment out the first
using directive at the top of the file, like this:

//using System;

On the BUILD menu, click Build Solution.

The build fails, and the Error List window displays the following error message:
The name 'Console' does not exist in the current context.

In the Error List window, double-click the error message.

The identifier that caused the error is highlighted in the Program.cs source file.

In the Code and Text Editor window, edit the Main method to use the fully qualified name
System.Console.

Main should look like this:

static void Main(string[] args)

{
System.Console.WriteLine("Hello World!");

}

Note When you type the period after System, the names of all the items in the
System namespace are displayed by IntelliSense.

On the BUILD menu, click Build Solution.

The project should build successfully this time. If it doesn't, make sure that Main is exactly as it
appears in the preceding code, and then try building again.

Run the application to make sure it still works by clicking Start Without Debugging on the
DEBUG menu.

When the program runs and displays "Hello World!", press Enter in the console window to
return to Visual Studio 2012.
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Namespaces and Assemblies

A using directive simply brings the items in a namespace into scope and frees you from hav-
ing to fully qualify the names of classes in your code. Classes are compiled into assemblies.
An assembly is a file that usually has the .dll file name extension, although strictly speaking,
executable programs with the .exe file name extension are also assemblies.

An assembly can contain many classes. The classes that the .NET Framework class library
comprises, such as System.Console, are provided in assemblies that are installed on your com-
puter together with Visual Studio. You will find that the .NET Framework class library contains
thousands of classes. If they were all held in the same assembly, the assembly would be huge
and difficult to maintain. (If Microsoft updated a single method in a single class, it would have
to distribute the entire class library to all developers!)

For this reason, the .NET Framework class library is split into a number of assemblies, par-
titioned by the functional area to which the classes they contain relate. For example, a “core”
assembly (actually called mscorlib.dll) contains all the common classes, such as System.Console,
and further assemblies contain classes for manipulating databases, accessing web services,
building GUIs, and so on. If you want to make use of a class in an assembly, you must add to
your project a reference to that assembly. You can then add using statements to your code that
bring the items in namespaces in that assembly into scope.

You should note that there is not necessarily a 1:1 equivalence between an assembly and a
namespace. A single assembly can contain classes defined in many namespaces, and a single
namespace can span multiple assemblies. For example, the classes and items in the System
namespace are actually implemented by several assemblies, including mscorlib.dll, System.dll,
and System.Core.dll, among others. This all sounds very confusing at first, but you will soon get
used to it.

When you use Visual Studio to create an application, the template you select automati-
cally includes references to the appropriate assemblies. For example, in Solution Explorer for
the TestHello project, expand the References folder. You will see that a console application
automatically contains references to assemblies called Microsoft.CSharp, System, System.Core,
System.Data, System.Data.DataExtensions, System.Xml, and System.Xml.Ling. You may be
surprised to see that mscorlib.dll is not included in this list; this is because all .NET Framework
applications must use this assembly, as it contains fundamental runtime functionality. The
References folder lists only the optional assemblies; you can add or remove assemblies from
this folder as necessary.

You can add references for additional assemblies to a project by right-clicking the References
folder and clicking Add Reference—you will perform this task in later exercises. You can remove an
assembly by right-clicking the assembly in the References folder and then clicking Remove.
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Creating a Graphical Application

18

So far, you have used Visual Studio 2012 to create and run a basic console application. The Visual
Studio 2012 programming environment also contains everything you need to create graphical ap-
plications for Windows 7 and Windows 8. You can design the user interface of a Windows applica-
tion interactively. Visual Studio 2012 then generates the program statements to implement the user
interface you've designed.

Visual Studio 2012 provides you with two views of a graphical application: the design view and the
code view. You use the Code and Text Editor window to modify and maintain the code and program
logic for a graphical application, and you use the Design View window to lay out your user interface.
You can switch between the two views whenever you want.

In the following set of exercises, you'll learn how to create a graphical application using Visual
Studio 2012. This program will display a simple form containing a text box where you can enter your
name and a button that when clicked displays a personalized greeting.

Important In Windows 7, Visual Studio 2012 provides two templates for building graphical
applications: the Windows Forms Application template and the WPF Application template.
Windows Forms is a technology that first appeared with the .NET Framework version 1.0.
WPF, or Windows Presentation Foundation, is an enhanced technology that first appeared
with the .NET Framework version 3.0. It provides many additional features and capabilities
over Windows Forms, and you should consider using WPF instead of Windows Forms for all
new Windows 7 development.

You can also build Windows Forms and WPF applications in Windows 8. However, Windows 8
provides a new style of user interface, referred to as the Windows Store style, and applications
that use this style of user interface are called Windows Store applications (or apps). Windows 8
has been designed to operate on a variety of hardware, including computers with touch-sensitive
screens and tablet computers or slates. These computers enable users to interact with applications
by using touch-based gestures—for example, users can swipe applications with their fingers to
move them around the screen and rotate them, or “pinch” and “stretch” applications to zoom out
and back in again. Additionally, many slates include sensors that can detect the orientation of the
device, and Windows 8 can pass this information to an application, which can then dynamically
adjust the user interface to match the orientation (it can switch from landscape to portrait mode,
for example). If you have installed Visual Studio 2012 on a Windows 8 computer, you are provided
with an additional set of templates for building Windows Store apps.

To cater to both Windows 7 and Windows 8 developers, | have provided instructions

in many of the exercises for using the WPF templates if you are running Windows 7, or
Windows 8 if you want to use the Windows Store style of user interface. Of course, you can
follow the Windows 7 and WPF instructions on Windows 8 if you prefer.

If you want more information about the specifics of writing Windows 8 applications, the
chapters in Part IV of this book provide more detail and guidance.
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Create a graphical application in Visual Studio 2012

If you are using Windows 8, perform the following operations to create a new graphical

application:
a. Start Visual Studio 2012 if it is not already running.
b. On the FILE menu, point to New, and then click Project.
The New Project dialog box opens.
c. Inthe left pane, under Installed Templates, expand the Visual C# folder if it is not already
expanded, and then click the Windows Store folder.
d. Inthe middle pane, click the Blank App (XAML) icon.

Note XAML stands for Extensible Application Markup Language, the language that

Windows Store apps use to define the layout for the GUI of an application. You will

learn more about XAML as you progress through the exercises in this book.

Ensure that the Location field refers to the \Microsoft Press\Visual CSharp Step By Step\
Chapter 1 folder under your Documents folder.

In the Name field, type Hello.
In the Solution field, ensure that Create New Solution is selected.

This action creates a new solution for holding the project. The alternative, Add to
Solution, adds the project to the TestHello solution, which is not what you want for
this exercise.

Click OK.

If this is the first time that you have created a Windows Store app, you will be prompt-
ed to apply for a developer license. You must agree to the terms and conditions
indicated in the dialog box before you can continue to build Windows Store apps.

If you concur with these conditions, click | Agree. You will be prompted to sign into
Windows Live (you can create a new account at this point if necessary), and a devel-
oper license will be created and allocated to you.
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Developer License -

| Get a developer license for Windows 8

You need a developer license to develop this style of app for
Windows 8, A developer license lets you install and test the app
on this computer before Micresoft tests and certifies it.

You may use the developer license only for the purpose of
developing, testing and evaluating apps. In all other respects,
the Windows 8 Software License Terms govern your use of
Windows 8 and the developer license,

If you agree to these terms and want to install a developer
license, click 'l Agree'.

i. After the application has been created, look in the Solution Explorer window.

Don't be fooled by the name of the application template—although it is called Blank
App, this template actually provides a number of files and contains a significant
amount of code. For example, if you expand the Common folder in Solution Explorer,
you will find a file named StandardStyles.xaml. This file contains XAML code defin-
ing styles that you can use to format and present data for display. Part IV, "Build-

ing Professional Windows 8 Applications with C#," describes the purpose of these
styles in more detail, so don't worry about them for now. Similarly, if you expand

the MainPage.xaml folder, you will find a C# file named MainPage.xaml.cs. This file is
where you add the code that runs when the user interface defined by the MainPage.
xaml file is displayed.

j-  In Solution Explorer, double-click MainPage.xaml.

This file contains the layout of the user interface. The Design View window shows two
representations of this file:

12.20% - | w4

2 Design N oExaa @ nE=
F<Page +

lu.MainPage"”

tp://schemas.microsoft. com/winfx/2006/xanl /presentation”

ttp://schemas.microsoft. com/winfx/2006/xanl "

“using:Helln”

ttp://schemas microsoft.com/expression/blend/2888"

c="http://schemas .openxnlformats .org/markup-compatibility/2006"

mc:Ignorable-"d">

ara

B <Grid Dackground-"{StaticResource ApplicationPageDackgroundThemeDrush}">
<farid>
<ivage>
100%
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At the top is a graphical view depicting the screen of a tablet computer. The lower
pane contains a description of the contents of this screen using XAML. XAML is an
XML-like language used by Windows Store apps and WPF applications to define the
layout of a form and its contents. If you have knowledge of XML, XAML should look
familiar.

In the next exercise, you will use the Design View window to lay out the user interface
for the application, and you will examine the XAML code that this layout generates.

If you are using Windows 7, perform the following tasks:

b.

Start Visual Studio 2012 if it is not already running.
On the FILE menu, point to New, and then click Project.
The New Project dialog box opens.

In the left pane, under Installed Templates, expand the Visual C# folder if it is not already
expanded, and then click the Windows folder.

In the middle pane, click the WPF Application icon.

Ensure that the Location field refers to the \Microsoft Press\Visual CSharp Step By Step\
Chapter 1 folder under your Documents folder.

In the Name field, type Hello.
In the Solution field, ensure that Create New Solution is selected.
Click OK.

The WPF Application template generates fewer items than the Windows Store Blank
App template; it contains none of the styles generated by the Blank App template

as the functionality that these styles embody is specific to Windows 8. However, the
WPF Application template does generate a default window for your application. Like a
Windows Store app, this window is defined by using XAML, but in this case it is called
MainWindow.xaml by default.

In Solution Explorer, double-click MainWindow.xaml to display the contents of this file in the
Design View window.
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@ Tip Close the Output and Error List windows to provide more space for displaying
the Design View window.

Note Before going further, it is worth explaining some terminology. In a typical WPF

application, the user interface consists of one or more windows, but in a Windows
Store app the corresponding items are referred to as pages (strictly speaking, a WPF
application can also contain pages, but | don't want to confuse matters further at
this point). To avoid repeating the rather verbose phrase "WPF window or Windows
Store app page” repeatedly throughout this book, | will simply refer to both items
by using the blanket term form. However, | will continue to use the word window to
refer to items in the Visual Studio 2012 IDE, such as the Design View window.

In the following exercises, you use the Design View window to add three controls to the form dis-
played by your application, and you examine some of the C# code automatically generated by Visual
Studio 2012 to implement these controls.
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Note The steps in the following exercises are common to Windows 7 and Windows 8,
except where any differences are explicitly called out.

Create the user interface

1.

Click the Toolbox tab that appears to the left of the form in the Design View window.

The Toolbox appears, partially obscuring the form, and displays the various components and
controls that you can place on a form.

If you are using Windows 8, expand the Common XAML Controls section.
If you are using Windows 7, expand the Common WPF Controls section.

This section displays a list of controls that are used by most graphical applications.

Tip The All XAML Controls section (Windows 8) or All WPF Controls section
(Windows 7) displays a more extensive list of controls.

In the Common XAML Controls section or Common WPF Controls section, click TextBlock, and
then drag the TextBlock control onto the form displayed in the Design View window.

Tip Make sure you select the TextBlock control and not the TextBox control. If you
accidentally place the wrong control on a form, you can easily remove it by clicking
the item on the form and then pressing Delete.

A TextBlock control is added to the form (you will move it to its correct location in a moment),
and the Toolbox disappears from view.

Tip If you want the Toolbox to remain visible but not to hide any part of the form,
click the Auto Hide button to the right in the Toolbox title bar. (It looks like a pin.)
The Toolbox appears permanently on the left side of the Visual Studio 2012 window,
and the Design View window shrinks to accommodate it. (You might lose a lot of
space if you have a low-resolution screen.) Clicking the Auto Hide button once more
causes the Toolbox to disappear again.
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4.

The TextBlock control on the form is probably not exactly where you want it. You can click and
drag the controls you have added to a form to reposition them. Using this technique, move
the TextBlock control so that it is positioned toward the upper-left corner of the form. (The
exact placement is not critical for this application.) Notice that you may need to click away
from the control and then click it again before you are able to move it in the Design View
window.

The XAML description of the form in the lower pane now includes the TextBlock control,
together with properties such as its location on the form, governed by the Margin property,
the default text displayed by this control in the Text property, the alignment of text displayed
by this control specified by the HorizontalAlignment and VerticalAlignment properties, and
whether text should wrap if it exceeds the width of the control.

If you are using Windows 8, the XAML code for the TextBlock will look similar to this (your
values for the Margin property may be slightly different, depending on where you have posi-
tioned the TextBlock control on the form):

<TextBlock HorizontalAlignment="Left" Margin="400,200,0,0" TextWrapping="Wrap"
Text="TextBlock" VerticalAlignment="Top"/>

If you are using Windows 7, the XAML code will be much the same, except that the units used
by the Margin property operate on a different scale due to the finer resolution of Windows 8
devices.

The XAML pane and the Design View window have a two-way relationship with each other.
You can edit the values in the XAML pane, and the changes will be reflected in the Design
View window. For example, you can change the location of the TextBlock control by modifying
the values in the Margin property.

On the VIEW menu, click Properties Window.

If it was not already displayed, the Properties window appears at the lower-right of the screen,
under Solution Explorer. You can specify the properties of controls by using the XAML pane under
the Design View window, but the Properties window provides a more convenient way for you to
modify the properties for items on a form, as well as other items in a project.

The Properties window is context sensitive in that it displays the properties for the currently
selected item. If you click the form displayed in the Design View window, outside of the
TextBlock control, you can see that the Properties window displays the properties for a Grid
element. If you look at the XAML pane, you should see that the TextBlock control is contained
within a Grid element. All forms contain a Grid element that controls the layout of displayed
items; you can define tabular layouts by adding rows and columns to the Grid, for example.

Click the TextBlock control in the Design View window. The Properties window displays the
properties for the TextBlock control again.
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7.

In the Properties window, expand the Text property. Change the FontSize property to 20 px
and then press Enter. This property is located next to the drop-down list box containing the
name of the font, which will be different for Windows 8 (Global User Interface) and Windows 7
(Segoe Ul):

Properties * o x
Name <No Na... ¥
Type TextBlock

Search Properties

[*%

Arrange by: Category ~
b Commen
b Layout
4 Text
A L =
Global User Ints » O 20 px FontSize Property
Bo ro

b Transform

P Interactions LI

Note The suffix px indicates that the font size is measured in pixels.

8. In the XAML pane below the Design View window, examine the text that defines the TextBlock

10.

control. If you scroll to the end of the line, you should see the text FontSize="20". Any changes
that you make using the Properties window are automatically reflected in the XAML defini-
tions and vice versa.

Overtype the value of the FontSize property in the XAML pane, and change it to 24. The font
size of the text for the TextBlock control in the Design View window and the Properties win-
dow changes.

In the Properties window, examine the other properties of the TextBlock control. Feel free to
experiment by changing them to see their effects.

Notice that as you change the values of properties, these properties are added to the defini-
tion of the TextBlock control in the XAML pane. Each control that you add to a form has a
default set of property values, and these values are not displayed in the XAML pane unless
you change them.

Change the value of the Text property of the TextBlock control from TextBlock to Please enter
your name. You can do this either by editing the Text element in the XAML pane or by chang-
ing the value in the Properties window (this property is located in the Common section in the
Properties window).

Notice that the text displayed in the TextBlock control in the Design View window changes.
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11. Click the form in the Design View window, and then display the Toolbox again.

12. In the Toolbox, click and drag the TextBox control onto the form. Move the TextBox control so
that it is directly underneath the TextBlock control.

@ Tip When you drag a control on a form, alignment indicators appear automatically
when the control becomes aligned vertically or horizontally with other controls. This
gives you a quick visual cue for making sure that controls are lined up neatly.

13. In the Design View window, place the mouse over the right edge of the TextBox control. The
mouse pointer should change to a double-headed arrow to indicate that you can resize the
control. Click the mouse and drag the right edge of the TextBox control until it is aligned with
the right edge of the TextBlock control above; a guide should appear when the two edges are
correctly aligned.

14. While the TextBox control is selected, change the value of the Name property displayed at the
top of the Properties window from <No Name> to userName:

Properties * 3 X

=1 -

Name userName == Name Property
Type TextBox
Search Properties ¥
Arrange by: Category ~ e
b Brush
b Appearance
4 Common
Text TextBox
AcceptsReturn r
IsReadOnly ]
ToolTipServic...

DataContext

v oo

Note You will learn more about naming conventions for controls and variables in
Chapter 2, “Working with Variables, Operators, and Expressions.”

15. Display the Toolbox again, and then click and drag a Button control onto the form. Place the
Button control to the right of the TextBox control on the form so that the bottom of the but-
ton is aligned horizontally with the bottom of the text box.

16. Using the Properties window, change the Name property of the Button control to ok and
change the Content property (in the Common section) from Button to OK and press Enter.
Verify that the caption of the Button control on the form changes to display the text OK.
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17. If you are using Windows 7, click the title bar of the form in the Design View window. In
the Properties window, change the Title property (in the Common section again) from
MainWindow to Hello.

Note Windows Store apps do not have a title bar.

18. If you are using Windows 7, in the Design View window, click the title bar of the Hello form.
Notice that a resize handle (a small square) appears in the lower-right corner of the Hello
form. Move the mouse pointer over the resize handle. When the pointer changes to a
diagonal double-headed arrow, click and drag the pointer to resize the form. Stop dragging
and release the mouse button when the spacing around the controls is roughly equal.

W Important Click the title bar of the Hello form and not the outline of the grid inside
the Hello form before resizing it. If you select the grid, you will modify the layout of
the controls on the form but not the size of the form itself.

The Hello form should now look similar to the following figure.

Please enter your name

TextBox .

Note Pages in Windows Store apps cannot be resized in the same way as
Windows 7 forms; when they run, they automatically occupy the full screen of the
device. However, they can adapt themselves to different screen resolutions and
device orientation, and present different views when they are "snapped.” You can
easily see what your application looks like on a different device by clicking Device
Window on the DESIGN menu and then selecting from the different screen resolu-
tions available in the Display drop-down list. You can also see how your application
appears in portrait mode or when snapped by selecting the Portrait orientation or
Snapped view from the list of available views.
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19. On the BUILD menu, click Build Solution, and verify that the project builds successfully.
20. On the DEBUG menu, click Start Debugging.

The application should run and display your form. If you are using Windows 8, the form
occupies the entire screen and looks like this:

Please enter your name

If you are using Windows 7, the form looks like this:

A Hello =N G =<

Please enter your name

TextBox E'

You can delete the text TextBox, type your name in the text box, and click OK, but nothing
happens yet. You need to add some code to indicate what should happen when the user clicks
the OK button, which is what you will do next.

21. Return to Visual Studio 2012, and on the DEBUG menu click Stop Debugging. Alternatively, if
you are using Windows 7, click the close button (the X in the upper-right corner of the form)
to close the form and return to Visual Studio.
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Closing a Windows Store App

If you are using Windows 8 and you clicked Start Without Debugging on the DEBUG menu to run the
application, you will need to forcibly close it. This is because unlike console applications, the lifetime of a
Windows Store app is managed by the operating system rather than the user. Windows 8 suspends an ap-
plication when it is not currently displayed, and it will terminate the application when the operating system
needs to free the resources occupied by the application. The most reliable way to forcibly stop the Hello
application is to click (or place your finger if you have a touch-sensitive screen) at the top of the screen, and
then click and drag (or swipe) the application to the bottom of the screen. This action closes the application
and returns you to the Windows Start screen, where you can switch back to Visual Studio. Alternatively, you
can perform the following tasks:

1. Click, or place your finger, in the top-right corner of the screen and then drag the im-
age of Visual Studio to the middle of the screen (or press the Windows key and the B
key at the same time).

2. Right-click the Windows taskbar at the bottom of the desktop and then click Task Manager.

3. In the Task Manager window, click the Hello application, and then click End Task.

= Task Manager == -

BH Hello (32 bit)

o Microsoft Visual Studio 2012 RC (32 bit)

@ Mare details End task

4. Close the Task Manager window.

You have managed to create a graphical application without writing a single line of C# code. It
does not do much yet (you will have to write some code soon), but Visual Studio 2012 actually gener-
ates a lot of code for you that handles routine tasks that all graphical applications must perform, such
as starting up and displaying a window. Before adding your own code to the application, it helps to
have an understanding of what Visual Studio has produced for you. The structure is slightly different
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between a Windows Store app and a Windows 7 WPF application, and the following sections summa-
rize these application styles separately.

Examining the Windows Store App

If you are using Windows 8, in Solution Explorer, click the arrow adjacent to the MainPage.xaml file to ex-
pand the node. The file MainPage.xaml.cs appears; double-click this file. The following code for the form is
displayed in the Code and Text Editor window:

using System;

using System.Collections.Generic;
using System.IO;

using System.Ling;

using Windows.Foundation;

using Windows.Foundation.Collections;
using Windows.UI.Xaml;

using Windows.UI.Xaml.Controls;

using Windows.UI.Xaml.Controls.Primitives;
using Windows.UI.Xaml.Data;

using Windows.UI.Xaml.Input;

using Windows.UI.Xaml.Media;

using Windows.UI.Xaml.Navigation;

// The Blank Page item template is documented at http://go.microsoft.com/fwlink/?LinkId=234238

namespace Hello

{
/// <summary>
/// An empty page that can be used on its own or navigated to within a Frame.
/// </summary>
public sealed partial class MainPage : Page
{
public MainPage()
{
this.InitializeComponent();
}
/// <summary>
/// Invoked when this page is about to be displayed in a Frame.
/// </summary>
/// <param name="e">Event data that describes how this page was reached. The Parameter
/// property is typically used to configure the page.</param>
protected override void OnNavigatedTo(NavigationEventArgs e)
{
}
}
}

In addition to a good number of using directives bringing into scope some namespaces that most
Windows Store apps use, the file contains the definition of a class called MainPage but not much else.
There is a little bit of code for the MainPage class known as a constructor that calls a method called
InitializeComponent. A constructor is a special method with the same name as the class. It is executed
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when an instance of the class is created and can contain code to initialize the instance. You will learn
about constructors in Chapter 7.

The class also contains a method called OnNavigatedTo. This is an example of a method that is in-
voked by an event, and the code in this method runs when the window is displayed. You can add your
own code to this method to configure the display if necessary. You will learn more about events in
Chapter 17, “Introducing Generics,” and Chapter 25, “Implementing the User Interface for a Windows
Store App,” provides more information about the NavigatedTo event.

The class actually contains a lot more code than the few lines shown in the MainPage.xaml.cs file, but
much of it is generated automatically based on the XAML description of the form, and it is hidden from you.
This hidden code performs operations such as creating and displaying the form, and creating and position-
ing the various controls on the form.

Tip You can also display the C# code file for a page in a Windows Store app by clicking
Code on the VIEW menu when the Design View window is displayed.

At this point, you might be wondering where the Main method is and how the form gets displayed
when the application runs. Remember that in a console application, Main defines the point at which
the program starts. A graphical application is slightly different.

In Solution Explorer, you should notice another source file called App.xaml. If you expand the node for
this file, you will see another file called App.xaml.cs. In a Windows Store app, the App.xaml file provides the
entry point when the application starts running. If you double-click App.xaml.cs in Solution Explorer, you
should see some code that looks similar to this:

using System;

using System.Collections.Generic;

using System.IO;

using System.Ling;

using Windows.ApplicationModel;

using Windows.ApplicationModel.Activation;
using Windows.Foundation;

using Windows.Foundation.Collections;
using Windows.UI.Xaml;

using Windows.UI.Xaml.Controls;

using Windows.UI.Xaml.Controls.Primitives;
using Windows.UI.Xaml.Data;

using Windows.UI.Xaml.Input;

using Windows.UI.Xaml.Media;

using Windows.UI.Xaml.Navigation;

// The Blank Application template is documented at http://go.microsoft.com/fwlink/?LinkId=234227

namespace Hello
{
/// <summary>
/// Provides application-specific behavior to supplement the default Application class.
/// </summary>
sealed partial class App : Application
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/// <summary>
/// Initializes the singleton application object. This is the first Tine of authored
/// executed, and as such is the logical equivalent of main() or WinMain().
/// </summary>
public AppQO
{
this.InitializeComponent();
this.Suspending += OnSuspending;

/// <summary>

/// Invoked when the application is launched normally by the end user. Other entry
/// will be used when the application is launched to open a specific file, to display
/// search results, and so forth.

/// </summary>

/// <param name="args'">Details about the Taunch request and process.</param>
protected override void OnLaunched(LaunchActivatedEventArgs args)

{

Frame rootFrame = Window.Current.Content as Frame;

// Do not repeat app initialization when the Window already has content,

// just ensure that the window is active

if (rootFrame == null)

{
// Create a Frame to act as the navigation context and navigate to the first
rootFrame = new Frame(Q);

if (args.PreviousExecutionState == ApplicationExecutionState.Terminated)
{
//TODO: Load state from previously suspended application

// Place the frame 1in the current Window
Window.Current.Content = rootFrame;

}
if (rootFrame.Content == null)
{
// When the navigation stack isn't restored navigate to the first page,
// configuring the new page by passing required information as a navigation
// parameter
if (!rootFrame.Navigate(typeof(MainPage), args.Arguments))
{
throw new Exception("Failed to create initial page');
}
}

// Ensure the current window is active
Window.Current.Activate(Q);

/// <summary>

/// Invoked when application execution is being suspended. Application state is saved
/// without knowing whether the application will be terminated or resumed with the

/// of memory still intact.

/// </summary>
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/// <param name="sender">The source of the suspend request.</param>
/// <param name="e">Details about the suspend request.</param>
private void OnSuspending(object sender, SuspendingEventArgs e)

{
var deferral = e.SuspendingOperation.GetDeferral();
//TODO: Save application state and stop any background activity
deferral.Complete(Q);

}

Much of this code consists of comments (the lines beginning “///") and other statements that you
don’t need to understand just yet, but the key elements are located in the OnLaunched method,
highlighted in bold. This method runs when the application starts, and the code in this method causes
the application to create a new Frame object, display the MainPage form in this frame, and then
activate it. It is not necessary at this stage to fully comprehend how this code works or the syntax of
any of these statements, but simply appreciate that this is how the application displays the form when
it starts running.

Examining the WPF Application

If you are using Windows 7, in Solution Explorer, click the arrow adjacent to the MainWindow.xaml file to
expand the node. The file MainWindow.xaml.cs appears; double-click this file. The code for the form is
displayed in the Code and Text Editor window. It looks like this:

using System;
using System.Collections.Generic;
using System.Ling;
using System.Text;
using System.Windows;
using System.Windows.Controls;
using System.Windows.Data;
using System.Windows.Documents;
using System.Windows.Input;
using System.Windows.Media;
using System.Windows.Media.Imaging;
using System.Windows.Navigation;
using System.Windows.Shapes;
namespace Hello
{
/// <summary>
/// Interaction logic for MainWindow.xaml
/// </summary>
public partial class MainWindow : Window

{
public MainWindow()
{
InitializeComponent();
}
}
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This code looks similar to that for the Windows Store app, but there are some significant differ-
ences. First, there is no OnNavigatedTo method; this is because the way in which a WPF application
moves between forms is different from a Windows Store app. Second, many of the namespaces refer-
enced by the using directives at the top of the file are different. For example, WPF applications make
use of objects defined in namespaces that begin with the prefix System.Windows, whereas Windows
Store apps use objects defined in namespaces that start with Windows.UI. This difference is not just
cosmetic. These namespaces are implemented by different assemblies, and the controls and func-
tionality that these assemblies provide are different between WPF and Windows Store apps, although
they may have similar names. Going back to the earlier exercise, you added TextBlock, TextBox, and
Button controls to the WPF form and the Windows Store app. Although these controls have the same
name in each style of application, they are defined in different assemblies: Windows.Ul. Xaml.Controls
for Windows Store apps and System.Windows.Controls for WPF applications. The controls for Windows
Store apps have been specifically designed and optimized for touch interfaces, whereas the WPF con-
trols are intended primarily for use in mouse-driven systems.

As with the code in the Windows Store app, the constructor in the MainWindow class initializes the
WPF form by calling the InitializeComponent method. Again, as before, the code for this method is
hidden from you, and it performs operations such as creating and displaying the form, and creating
and positioning the various controls on the form.

The way in which a WPF application specifies the initial form to be displayed is different from
that of a Windows Store app. Like a Windows Store app, it defines an App object defined in the
App.xaml file to provide the entry point for the application, but the form to display is specified de-
claratively as part of the XAML code rather than programmatically. If you double-click the App.xaml
file in Solution Explorer (not App.xaml.cs), you can examine the XAML description. One property in
the XAML code is called StartupUri, and it refers to the MainWindow.xaml file, as shown in bold in
the following code example:

<Application x:Class="Hello.App"
xmIns="http://schemas.microsoft.com/winfx/2006/xam1/presentation”
xmins:x="http://schemas.microsoft.com.winfx/2006/xam1"
StartupUri="MainWindow.xam1">
<Application.Resources>

</Application.Resources>
</AppTlication>

In a WPF application, the StartupUri property of the App object indicates which form to display.

Adding Code to the Graphical Application

Now that you know a little bit about the structure of a graphical application, the time has come to
write some code to make your application actually do something.
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Write the code for the OK button

1.

Open the MainPage.xaml file (Windows 8) or MainWindow.xaml file (Windows 7) in the De-
sign View window (double-click MainPage.xaml or MainWindow.xaml in Solution Explorer).

In the Design View window, click the OK button on the form to select it.

In the Properties window, click the Event Handlers for Selected Element button. This button
displays an icon that looks like a bolt of lightning.

q MNeme ok # | # == Event Handlers for
Type Button Selected Element
Click -
DoubleTapped
DragEnter
Dragleave
DragOver
Drop
GotFocus
Holding
IsEnabledChanged

KeyDown
KeyUp -

The Properties window displays a list of event names for the Button control. An event indi-
cates a significant action that usually requires a response, and you can write your own code to
perform this response.

In the box adjacent to the Click event, type okClick and then press Enter.

The MainPage.xaml.cs file (Windows 8) or MainWindow.xaml.cs file (Windows 7) appears in
the Code and Text Editor window, and a new method called okClick is added to the MainPage
or MainWindow class. The method looks like this:

private void okClick(object sender, RoutedEventArgs e)

{
3

Do not worry too much about the syntax of this code just yet—you will learn all about meth-
ods in Chapter 3.

If you are using Windows 8, perform the following tasks:

a. Add the following using directive shown in bold to the list at the top of the file (the ellipsis
character, ..., indicates statements that have been omitted for brevity):
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10.

using System;

using Windows.UI.Xaml.Navigation;
using Windows.UI.Popups;

b. Add the following code shown in bold to the okClick method:

void okClick(object sender, RoutedEventArgs e)
{
MessageDialog msg = new MessageDialog('Hello
msg.ShowAsync(Q);
}

+ userName.Text);

This code will run when the user clicks the OK button. Again, do not worry too much about
the syntax, just make sure you copy it exactly as shown; you will find out what these state-
ments mean in the next few chapters. The key things to understand are that the first
statement creates a MessageDialog object with the message “Hello <YourName>", where
<YourName> is the name that you type into the TextBox on the form. The second statement
displays the MessageDialog, causing it to appear on the screen. The MessageDialog class is
defined in the Windows.Ul.Popups namespace, which is why you added it in step a.

If you are using Windows 7, just add the single statement shown in bold to the okClick
method:

void okClick(object sender, RoutedEventArgs e)

{

MessageBox.Show("Hello

}

"

+ userName.Text);

This code performs a similar function to that of the Windows Store app, except that it uses

a different class called MessageBox. This class is defined in the System.Windows namespace,
which is already referenced by the existing using directives at the top of the file, so you don’t
need to add it yourself.

Click the MainPage.xaml tab or the MainWindow.xaml tab above the Code and Text Editor window
to display the form in the Design View window again.

In the lower pane displaying the XAML description of the form, examine the Button element,
but be careful not to change anything. Notice that it now contains an element called Click that
refers to the okClick method:

<Button x:Name="ok" ... Click="okClick" />
On the DEBUG menu, click Start Debugging.

When the form appears, in the text box overtype the text TextBox with your name and then
click OK.
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If you are using Windows 8, a message dialog appears across the middle of the screen, wel-
coming you by name:

Helle John

If you are using Windows 7, a message box appears displaying the following greeting:

|
] Hello == =]

Please enter your name

John ok |

Hella lahn

11. Click Close in the message dialog (Windows 8) or OK (Windows 7) in the message box.

12. Return to Visual Studio 2012, and on the DEBUG menu click Stop Debugging.

Summary

In this chapter, you have seen how to use Visual Studio 2012 to create, build, and run applications.
You have created a console application that displays its output in a console window, and you have
created a WPF application with a simple GUI.

Welcome to C#
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= [f you want to continue to the next chapter

Keep Visual Studio 2012 running, and turn to Chapter 2.

= [f you want to exit Visual Studio 2012 now

On the FILE menu, click Exit. If you see a Save dialog box, click Yes and save the project.

Chapter 1 Quick Reference

38

To

Create a new console application using
Visual Studio 2012

Create a new Windows Store blank graphi-
cal application for Windows 8 using Visual
Studio 2012

Create a new WPF graphical application
for Windows 7 using Visual Studio 2012

Build the application
Run the application in debug mode

Run the application without debugging

Do this

On the FILE menu, point to New, and then click Project to open the New
Project dialog box. In the left pane, under Installed Templates, click Visual
C#. In the middle pane, click Console Application. Specify a directory for
the project files in the Location box. Type a name for the project. Click
OK.

On the FILE menu, point to New, and then click Project to open the New
Project dialog box. In the left pane, under Installed Templates, expand
Visual C# and then click Windows Store. In the middle pane, click Blank
App (XAML). Specify a directory for the project files in the Location box.
Type a name for the project. Click OK.

On the FILE menu, point to New, and then click Project to open the
New Project dialog box. In the left pane, under Installed Templates, ex-
pand Visual C# and then click Windows. In the middle pane, click WPF

Application. Specify a directory for the project files in the Location box.
Type a name for the project. Click OK.

On the BUILD menu, click Build Solution.
On the DEBUG menu, click Start Debugging.

On the DEBUG menu, click Start Without Debugging.
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Working with Variables, Operators,
and Expressions

After completing this chapter, you will be able to

m  Understand statements, identifiers, and keywords.

m  Use variables to store information.

= Work with primitive data types.

m  Use arithmetic operators such as the plus sign (+) and the minus sign (-).
®m  Increment and decrement variables.

In Chapter 1, “Welcome to C#," you learned how to use the Microsoft Visual Studio 2012 program-
ming environment to build and run a console program and a graphical application. This chapter
introduces you to the elements of Microsoft Visual C# syntax and semantics, including statements,
keywords, and identifiers. You'll study the primitive types that are built into the C# language and the
characteristics of the values that each type holds. You'll also see how to declare and use local vari-
ables (variables that exist only in a method or other small section of code), learn about the arithmetic
operators that C# provides, find out how to use operators to manipulate values, and learn how to
control expressions containing two or more operators.

Understanding Statements

A statement is a command that performs an action, such as calculating a value and storing the result,
or displaying a message to a user. You combine statements to create methods. You'll learn more
about methods in Chapter 3, "Writing Methods and Applying Scope,” but for now, think of a method
as a named sequence of statements. Main, which was introduced in the previous chapter, is an
example of a method.

Statements in C# follow a well-defined set of rules describing their format and construction. These
rules are collectively known as syntax. (In contrast, the specification of what statements do is collec-
tively known as semantics.) One of the simplest and most important C# syntax rules states that you

39



O

must terminate all statements with a semicolon. For example, you saw in Chapter 1 that without its
terminating semicolon, the following statement won't compile:

Console.WriteLine("Hello World!");

Tip C#is a "free format” language, which means that white space, such as a space charac-
ter or a new line, is not significant except as a separator. In other words, you are free to lay
out your statements in any style you choose. However, you should adopt a simple, consis-
tent layout style to make your programs easier to read and understand.

The trick to programming well in any language is learning the syntax and semantics of the lan-
guage and then using the language in a natural and idiomatic way. This approach makes your pro-
grams more easily maintainable. As you progress through this book, you'll see examples of the most
important C# statements.

Using Identifiers

40

Identifiers are the names you use to identify the elements in your programs, such as namespaces,
classes, methods, and variables. (You will learn about variables shortly.) In C#, you must adhere to the
following syntax rules when choosing identifiers:

®  You can use only letters (uppercase and lowercase), digits, and underscore characters.
®  Anidentifier must start with a letter or an underscore.

For example, result, _score, footballTeam, and plan9 are all valid identifiers, whereas result%,
footballTeam$, and 9plan are not.

Important C# is a case-sensitive language: footballTeam and FootballTeam are not the
same identifier.

Identifying Keywords

The C# language reserves 77 identifiers for its own use, and you cannot reuse these identifiers for
your own purposes. These identifiers are called keywords, and each has a particular meaning. Exam-
ples of keywords are class, namespace, and using. You'll learn the meaning of most of the C# key-
words as you proceed through this book. The following table lists the keywords:
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abstract do in

as double int

base else interface
bool enum internal
break event is

byte explicit lock
case extern long
catch false namespace
char finally new
checked fixed null
class float object
const for operator
continue foreach out
decimal goto override
default if params
delegate implicit private

protected
public
readonly
ref

return
sbyte
sealed
short
sizeof
stackalloc
static
string
struct
switch
this

throw

true
try
typeof
uint
ulong
unchecked
unsafe
ushort
using
virtual
void
volatile

while

©

when you type them.

Tip In the Visual Studio 2012 Code and Text Editor window, keywords are colored blue

C# also uses the following identifiers. These identifiers are not reserved by C#, which means that
you can use these names as identifiers for your own methods, variables, and classes, but you should

avoid doing so if at all possible.

add get remove
alias global select
ascending group set
async into value
await join var
descending let where
dynamic orderby yield
from partial

Working with Variables, Operators, and Expressions
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Using Variables
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A variable is a storage location that holds a value. You can think of a variable as a box in the
computer’'s memory holding temporary information. You must give each variable in a program an
unambiguous name that uniquely identifies it in the context in which it is used. You use a variable’s
name to refer to the value it holds. For example, if you want to store the value of the cost of an item
in a store, you might create a variable simply called cost and store the item’s cost in this variable.
Later on, if you refer to the cost variable, the value retrieved will be the item'’s cost that you stored
there earlier.

Naming Variables

You should adopt a naming convention for variables that helps you avoid confusion concerning the vari-
ables you have defined. This is especially important if you are part of a project team with several develop-
ers working on different parts of an application; a consistent naming convention helps to avoid confusion
and can reduce the scope for bugs. The following list contains some general recommendations:

= Don't start an identifier with an underscore. Although this is legal in C#, it can limit the
interoperability of your code with applications built by using other languages, such as
Microsoft Visual Basic.

= Don't create identifiers that differ only by case. For example, do not create one variable
named myVariable and another named MyVariable for use at the same time, because it is
too easy to get them confused. Also, defining identifiers that differ only by case can limit the
ability to reuse classes in applications developed by using other languages that are not case
sensitive, such as Microsoft Visual Basic.

m  Start the name with a lowercase letter.

® In a multiword identifier, start the second and each subsequent word with an uppercase letter.
(This is called camelCase notation.)

m  Don't use Hungarian notation. (Microsoft Visual C++ developers reading this book are prob-
ably familiar with Hungarian notation. If you don't know what Hungarian notation is, don't
worry about it!)

For example, score, footballTeam, _score, and FootballTeam are all valid variable names, but only
the first two are recommended.

Declaring Variables

Variables hold values. C# has many different types of values that it can store and process—integers,
floating-point numbers, and strings of characters, to name three. When you declare a variable, you must
specify the type of data it will hold.
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You declare the type and name of a variable in a declaration statement. For example, the following
statement declares that the variable named age holds int (integer) values. As always, the statement
must be terminated with a semicolon.

int age;

The variable type int is the name of one of the primitive C# types, integer, which is a whole number.
(You'll learn about several primitive data types later in this chapter.)

Note Microsoft Visual Basic programmers should note that C# does not allow implicit vari-
able declarations. You must explicitly declare all variables before you use them.

After you've declared your variable, you can assign it a value. The following statement assigns age
the value 42. Again, you'll see that the semicolon is required.

age = 42;

The equal sign (=) is the assignment operator, which assigns the value on its right to the variable on
its left. After this assignment, you can use the age variable in your code to refer to the value it holds.
The next statement writes the value of the age variable, 42, to the console:

Console.WriteLine(age);

Tip If you leave the mouse pointer over a variable in the Visual Studio 2012 Code and Text
Editor window, a ScreenTip appears, telling you the type of the variable.

Working with Primitive Data Types

C# has a number of built-in types called primitive data types. The following table lists the most com-
monly used primitive data types in C# and the range of values that you can store in each.

Data type Description Size (bits) Range Sample usage
. . int count;
int Whole numbers (integers) 32 —-231 through 231 -1 count = 42:

. long wait;
long Whole numbers (bigger range) | 64 —-263 through 263 - 1 wait = 420

float Floating-point numbers 32 1.5 x 10-45 through float away;

+3.4x1038 away = 0.42F;
double Double-precision (more accu- | -, +5.0 x 10-324 through | double trouble;
rate) floating-point numbers +1.7 x 10308 trouble = 0.42;
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Data type Description Size (bits) Range Sample usage

decimal coin;

decimal M t. | 128 28 significant fi
ecima onetary values significant figures coin = 0.42M;
i tri t;
string Sequence of characters 16 bits per Not applicable string \ies .
character vest = "fortytwo";
. char grill;
char Single character 16 0 through 216 -1 grill = "
| h;
bool Boolean 8 true or false bool teeth;
teeth = false;

Unassigned Local Variables

When you declare a variable, it contains a random value until you assign a value to it. This behavior
was a rich source of bugs in C and C++ programs that created a variable and accidentally used it as a
source of information before giving it a value. C# does not allow you to use an unassigned variable.
You must assign a value to a variable before you can use it, otherwise your program will not compile.
This requirement is called the definite assignment rule. For example, the following statements gener-
ate the compile-time error message “Use of unassigned local variable ‘age’ because the Console.
WriteLine statement attempts to display the value of an uninitialized variable:

int age;
Console.WriteLine(age); // compile-time error

Displaying Primitive Data Type Values

In the following exercise, you use a C# program named PrimitiveDataTypes to demonstrate how sev-
eral primitive data types work.

Display primitive data type values

1. Start Visual Studio 2012 if it is not already running.
2. On the FILE menu, point to Open, and then click Project/Solution.
The Open Project dialog box appears.

3. If you are using Windows 8, move to the \Microsoft Press\Visual CSharp Step By Step\
Chapter 2\Windows 8\PrimitiveDataTypes folder in your Documents folder. If you are using
Windows 7, move to the \Microsoft Press\Visual CSharp Step By Step\Chapter 2\Windows 7\
PrimitiveDataTypes folder in your Documents folder.
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4.

Note To avoid repetition and to save space, in subsequent exercises | will simply
refer to solution paths by using a phrase of the form \Microsoft Press\Visual CSharp
Step By Step\Chapter 2\Windows X\PrimitiveDataTypes, where X is either 7 or 8,
depending on the operating system you are using.

Select the PrimitiveDataTypes solution file, and then click Open.

The solution loads, and Solution Explorer displays the PrimitiveDataTypes project.

Note Solution file names have the .sIn suffix, such as PrimitiveDataTypes.sin. A so-
lution can contain one or more projects. Project files have the .csproj suffix. If you
open a project rather than a solution, Visual Studio 2012 automatically creates a new
solution file for it. This situation can be confusing if you are not aware of this feature,

as it can result in you accidentally generating multiple solutions for the same project.

Tip Be sure to open the solution file in the correct folder for your operating system.
If you attempt to open a solution for a Windows Store app by using Visual Studio
2012 on Windows 7, the project will fail to load. Solution Explorer will mark the
project as unavailable and display the message “This project requires Windows 8 or
higher to load” if you expand the project node, as shown in the following image:

Solution Explorer
& o--G £
Search Solution Explorer (Ctrl+)) P~

B Solution 'PrirnithveDataTypes' (0 projects)

4 @ PrimitiveDataTypes (unavailable)
This project requires Windoues & or higher to load,

If this happens, close the solution and open the version in the correct folder.

On the DEBUG menu, click Start Debugging.

You might see some warnings in Visual Studio. You can safely ignore them. (You will correct
them in the next exercise.)

If you are using Windows 8, the following page is displayed:

Working with Variables, Operators, and Expressions
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7.

Primitive Data Types

Choose a data type Sample value
it [ 1
long
float

double
decimal
string
char

bool

If you are using Windows 7, the following window appears:

B Data Test EI@

Primitive Data Types

Choose a data type Sample value

int

long
float
double
decimal
string

bool

In the Choose a Data Type list, click the string type.
The value “forty two" appears in the Sample Value box.
Click the int type in the list.

The value “to do” appears in the Sample Value box, indicating that the statements to display
an int value still need to be written.

Click each data type in the list. Confirm that the code for the double and bool types is not yet
implemented.

Return to Visual Studio 2012, and on the DEBUG menu click Stop Debugging.
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Note If you are using Windows 7, you can also click Quit to close the window and
stop the program.

Use primitive data types in code

1. InSolution Explorer, expand the PrimitiveDataTypes project (if it is not already expanded) and then
double-click MainWindow.xaml.

Note To keep the exercise instructions simple, the forms in the Windows 8 and
Windows 7 applications have the same names from now on.

The form for the application appears in the Design View window.

Q Tip If your screen is not big enough to display the entire form, you can zoom in and
out in the Design View window by using Ctrl+Alt+= and Ctrl+Alt+- or by selecting
the size from the zoom drop-down list in the bottom-left corner of the Design View
window.

2. Inthe XAML pane, scroll down to locate the markup for the ListBox control. This control
displays the list of data types in the left part of the form, and it looks like this (some of the
properties have been removed from this text):

<ListBox x:Name="type" ... SelectionChanged="typeSelectionChanged">
<ListBoxItem>int</ListBoxItem>
<ListBoxItem>long</ListBoxItem>
<ListBoxItem>float</ListBoxItem>
<ListBoxItem>double</ListBoxItem>
<ListBoxItem>decimal</ListBoxItem>
<ListBoxItem>string</ListBoxItem>
<ListBoxItem>char</ListBoxItem>
<ListBoxItem>bool</ListBoxItem>

</ListBox>

The ListBox control displays each data type as a separate ListBox/tem. When the application
is running, if a user clicks an item in the list, the SelectionChanged event occurs (this is a little
bit like the Clicked event that occurs when the user clicks a button, which you saw in Chapter
1). You can see that in this case, the ListBox invokes the typeSelectionChanged method. This
method is defined in the MainWindow.xaml.cs file.
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3. On the VIEW menu, click Code.

The Code and Text Editor window opens, displaying the MainWindow.xaml.cs file.

Note Remember that you can also use Solution Explorer to access the code. Click
the arrow to the left of the MainWindow.xaml file to expand the node, and then

double-click MainWindow.xaml.cs.

4. Inthe Code and Text Editor window, find the typeSelectionChanged method.

@ Tip To locate an item in your project, on the EDIT menu, point to Find and Replace,
and then click Quick Find. A menu opens in the top-right corner of the Code and
Text Editor window. In the text box in this menu, type the name of the item you're
looking for, and then click Find Next (this is the button with the right-arrow symbol
next to the text box):

Find Popup Find Next Button
MainWindowxaml.cs + X QEETAVTELIRERS) o
#1 PrimitiveDataTypes.MainWindow - W typeSelection(|panged(object sender, Selection(fhangedE ~

{ |! SelectionChanged x---x!l’
E public sealed partial class MainWindow : Page v fypeselectionChange 1
{

E public MainWindow()

this.InitializeComponent();
Window.Current.SizeChanged += App.WindowSizeChanged;

}
= /// <summary>
Invoked when this page is about to be displayed in a Frame.
</summary>
<param name="e">Event data that describes how this page was reached. The Par
'// property is typically used to configure the page.</param>
E protected override void OnNavigatedTo(NavigationEventArgs e)
{
}
= private void ﬁmmw(uhject sender, SelectionChangedEventArgs e)
{
ListBoxItem selectedType = (type.SelectedItem as ListBoxItem);
switch (selectedType.Content.ToString())

{

By default, the search is not case sensitive. If you want to perform a case-sensitive
search, click the down arrow next to the text to search for, click the drop-down ar-
row to the right of the text box in the shortcut menu to display additional options,
and then select the Match Case check box. If you have time, you can experiment
with the other options as well.

You can also press Ctrl+F to display the Quick Find dialog box rather than using the
EDIT menu. Similarly, you can press Ctrl+H to display the Quick Replace dialog box.
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As an alternative to using the Quick Find functionality, you can also locate the meth-
ods in a class by using the class members drop-down list box above the Code and
Text Editor window, on the right.

MainWindow.xaml.cs 5 X QEELUUGERIEER] -

#3 PrimitiveData Types.MainWindow ML typeSelectionChanged(object sender, Selectlnn[hangedE\l

FLNVUKEU WIET CNLS Page LS douuy

‘3'* OnNavigatedTo(NavigationEventArgs €) -

ummary >
<param name="e">Event data thatrﬂashowBoDI\u‘alueO
/// property is typically used to c@, showCharValue()
= protected override void OnNavigated@'
{ (-]
1 &, showDoubleValue()

‘3', showFloatValue()

= Erlvate void typeSelectionChanged(c @), showintValue()

showDecimalValue()

ListBoxItem selectedType = (typ®a showlLongValue()
switch (selectedType.Content.To@, showStringValue()

{ @
case "int": r a fype
showIntvalue(); §®a typeSelectionChanged(object sender, SelecticnChangedEs
break; aavalue "
case "long":
showLongValue();
break;

case "float":

The class members drop-down list box displays all the methods in the class, together
with the variables and other items that the class contains. (You will learn more about
these items in later chapters.) In the drop-down list, click the typeSelectionChanged
method, and the cursor will move directly to the typeSelectionChanged method in
the class.

If you have programmed using another language, you can probably guess how the
typeSelectionChanged method works; if not, then Chapter 4, “Using Decision Statements,”
will make this code clear. At present, all you need to understand is that when the user clicks
an item in the ListBox control, the value of the item is passed to this method, which then uses
this value to determine happens next. For example, if the user clicks the float value, then this
method calls another method named showFloatValue.

Scroll down through the code and find the showFloatValue method, which looks like this:

private void showFloatValue()
{

float floatVar;

floatvar = 0.42F;

value.Text = floatVar.ToString(Q);
}

The body of this method contains three statements. The first statement declares a variable
named variable of type float.

The second statement assigns variable the value 0.42F. (The F is a type suffix specifying that
0.42 should be treated as a float value. If you forget the F, the value 0.42 is treated as a double
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and your program will not compile, because you cannot assign a value of one type to a vari-
able of a different type without writing additional code—C# is very strict in this respect.)

The third statement displays the value of this variable in the Value text box on the form. This
statement requires your attention. If you remember from Chapter 1, the way in which you dis-
play an item in a text box is to set its Text property (you did this by using XAML in Chapter 1).
You can also perform this task programmatically, which is what is going on here. Notice that
you access the property of an object by using the same dot notation that you saw for running
a method. (Remember Console.WriteLine from Chapter 1?) Also, the data that you put in the
Text property must be a string and not a number. If you try to assign a number to the Text
property, your program will not compile. Fortunately, the .NET Framework provides some help
in the form of the ToString method.

Every data type in the .NET Framework has a ToString method. The purpose of ToString is to
convert an object to its string representation. The showFloatValue method uses the ToString
method of the float variable floatVar object to generate a string version of the value of this
variable. This string can then be safely assigned to the Text property of the Value text box.
When you create your own data types and classes, you can define your own implementa-
tion of the ToString method to specify how your class should be represented as a string. You
learn more about creating your own classes in Chapter 7, “Creating and Managing Classes
and Objects.”

In the Code and Text Editor window, locate the showlIntValue method:
private void showIntValue()
{
value.Text = "to do";
}

The showlntValue method is called when you click the int type in the list box.

Type the following two statements at the start of the show/ntValue method, on a new line
after the opening brace, as shown in bold type in the following code:

private void showIntValue()

{
int intVar;
intVar = 42;
value.Text = "to do";
}

The first statement creates a variable called intVar that can hold an int value. The second
statement assigns the value 42 to this variable.
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8.

10.

11

12.

13

14.

15.

16.

In the original statement in this method, change the string “to do” to "42".
The method should now look exactly like this:

private void showIntValue()

{
int intVar;
intVar = 42;
value.Text = intVar.ToStringQ;
}
On the DEBUG menu, click Start Debugging.

The form appears again.

Select the int type in the Choose a Data Type list. Confirm that the value 42 is displayed in the
Sample Value text box.

Return to Visual Studio, and on the DEBUG menu click Stop Debugging.
In the Code and Text Editor window, find the showDoubleValue method.
Edit the showDoubleValue method exactly as shown in bold type in the following code:

private void showDoubleValue()

{

double doubleVvar;

doublevVar = 0.42;

value.Text = doubeVar.ToString(Q);
}

This code is similar to the showIntValue method, except that it creates a variable called
doubleVar that holds double values, and it is assigned the value 0.42.

In the Code and Text Editor window, locate the showBoolValue method.
Edit the showBoolValue method exactly as follows:

private void showBoolValue()

{

bool boolVar;

boolVar = false;

value.Text = boolVar.ToString(Q);
}

Again, this code is similar to the previous examples, except that boo/Var can only hold a Bool-
ean value, true or false.

On the DEBUG menu, click Start Debugging.

Working with Variables, Operators, and Expressions 51



17. In the Choose a Data Type list, select the int, double, and bool types. In each case, verify that
the correct value is displayed in the Sample Value text box.

18. Return to Visual Studio, and on the DEBUG menu click Stop Debugging.

Using Arithmetic Operators

O

52

C# supports the regular arithmetic operations you learned in your childhood: the plus sign (+) for
addition, the minus sign (=) for subtraction, the asterisk (*) for multiplication, and the forward slash (/)
for division. The symbols +, —, * and / are called operators because they "operate” on values to create
new values. In the following example, the variable moneyPaidToConsultant ends up holding the prod-
uct of 750 (the daily rate) and 20 (the number of days the consultant was employed):

Tong moneyPaidToConsultant;
moneyPaidToConsultant = 750 * 20;

Note The values that an operator operates on are called operands. In the expression 750 *
20, the * is the operator, and 750 and 20 are the operands.

Operators and Types

Not all operators are applicable to all data types. The operators that you can use on a value depend
on the value’s type. For example, you can use all the arithmetic operators on values of type char, int,
long, float, double, or decimal. However, with the exception of the plus operator, + you can't use the
arithmetic operators on values of type string, and you cannot use any of them with values of type
bool. So the following statement is not allowed, because the string type does not support the minus
operator (subtracting one string from another is meaningless):

// compile-time error
Console.WriteLine("Gillingham"™ - "Forest Green Rovers");

You can use the + operator to concatenate string values. You need to be careful because this can
have unexpected results. For example, the following statement writes “431" (not "44") to the console:

Console.WriteLine("43" + "1");

Tip The .NET Framework provides a method called Int32.Parse that you can use to convert
a string value to an integer if you need to perform arithmetic computations on values held
as strings.
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You should also be aware that the type of the result of an arithmetic operation depends on the

type of the operands used. For example, the value of the expression 5.0/2.0 is 2.5; the type of both

operands is double, so the type of the result is also double. (In C#, literal numbers with decimal points

are always double, not float, to maintain as much accuracy as possible.) However, the value of the

expression 5/2 is 2. In this case, the type of both operands is int, so the type of the result is also int.

C# always rounds toward zero in circumstances like this. The situation gets a little more complicated if
you mix the types of the operands. For example, the expression 5/2.0 consists of an int and a double.
The C# compiler detects the mismatch and generates code that converts the int into a double before

performing the operation. The result of the operation is therefore a double (2.5). However, although

this works, it is considered poor practice to mix types in this way.

C# also supports one less-familiar arithmetic operator: the remainder, or modulus, operator, which

is represented by the percent sign (%). The result of x % y is the remainder after dividing the value x

by the value y. So, for example, 9 % 2 is 1 because 9 divided by 2 is 4, remainder 1.

Note If you are familiar with C or C++, you know that you can’t use the remainder operator

on float or double values in these languages. However, C# relaxes this rule. The remainder
operator is valid with all numeric types, and the result is not necessarily an integer. For
example, the result of the expression 7.0 % 2.4 is 2.2.

Numeric Types and Infinite Values

There are one or two other features of numbers in C# that you should be aware of. For ex-
ample, the result of dividing any number by zero is infinity, which is outside the range of the
int, long, and decimal types; consequently, evaluating an expression such as 5/0 results in an

error. However, the double and float types actually have a special value that can represent infin-

ity, and the value of the expression 5.0/0.0 is Infinity. The one exception to this rule is the value
of the expression 0.0/0.0. Usually, if you divide zero by anything, the result is zero, but if you
divide anything by zero the result is infinity. The expression 0.0/0.0 results in a paradox—the
value must be zero and infinity at the same time. C# has another special value for this situation
called NaN, which stands for “not a number.” So if you evaluate 0.0/0.0, the result is NaN.

NaN and Infinity propagate through expressions. If you evaluate 10 + NaN, the result is
NaN, and if you evaluate 10 + Infinity, the result is Infinity. The one exception to this rule is the
case when you multiply Infinity by 0. The value of the expression Infinity * 0 is 0, although the
value of NaN * 0 is NaN.
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Examining Arithmetic Operators

The following exercise demonstrates how to use the arithmetic operators on int values.

Run the MathsOperators project

1.

2.

Start Visual Studio 2012 if it is not already running.

Open the MathsOperators project, located in the \Microsoft Press\Visual CSharp Step By Step\
Chapter 2\Windows X\MathsOperators folder in your Documents folder.

On the DEBUG menu, click Start Debugging.

If you are using Windows 8, the following page appears:

Primitive Data Types

Choose a data type Sample value

it [ 1]

long
float
double
decimal
string
char

bool

If you are using Windows 7, the following form displays:

| Data Test EI@

Primitive Data Types

Choose a data type Sample value

int

long
float
double
decimal
string

bool
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9.

Type 54 in the Left Operand text box.

Type 13 in the Right Operand text box.

You can now apply any of the operators to the values in the text boxes.
Click the — Subtraction button, and then click Calculate.

The text in the Expression text box changes to 54 — 13, but the value 0 appears in the Result
box; this is clearly wrong.

Click the / Division button, and then click Calculate.

The text in the Expression text box changes to 54/13, and again the value 0 appears in the
Result text box.

Click the % Remainder button, and then click Calculate.

The text in the Expression text box changes to 54 % 13, but once again the value 0 appears in the
Result text box. Test the other combinations of numbers and operators; you will find that they all
currently yield the value 0.

Note If you type a noninteger value into either of the operand text boxes, the ap-
plication detects an error and displays the message “Input string was not in a correct
format.” You will learn more about how to catch and handle errors and exceptions in
Chapter 6, “Managing Errors and Exceptions.”

When you have finished, return to Visual Studio, and on the DEBUG menu click Stop
Debugging (if you are using Windows 7, you can also click Quit on the MathsOperators form).

As you may have guessed, none of the calculations is currently implemented by the
MathsOperators application. In the next exercise, you will correct this.

Perform calculations in the MathsOperators application

1.

Display the MainWindow.xaml form in the Design View window. (Double-click the file Main-
Window.xaml in the MathsOperators project in Solution Explorer.)

On the VIEW menu, point to Other Windows, and then click Document Outline.

The Document Outline window appears, showing the names and types of the controls on the
form. The Document Outline window provides a simple way to locate and select controls on
a complex form. The controls are arranged in a hierarchy, starting with the Page (Windows

8) or Window (Windows 7) that constitutes the form. As mentioned in the previous chapter,

a Windows Store app page or a WPF form contains a Grid control, and the other controls are
placed in this Grid. If you expand the Grid node in the Document Outline window, the other
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controls appear, starting with another Grid (the outer Grid acts as a frame, and the inner Grid
contains the controls that you see on the form). If you expand the inner Grid, you can see each
of the controls on the form.

Document Outline v =X
[Page]
@ o
4 L) [Page]
= BottomAppBar
= TopAppBar
[ 4 (Grid] @ o
4 i [Grid] @ o
@ Ihs @ o
@ rhs @ o
& |hsOperand @ o
&l rhsOperand @ o
b B operators @ o
O calculate @ o
[T [TextBlock] @ o
[ expression @ o
[ [TextBlock] @ o
@ result @ 0

If you click any of these controls, the corresponding element is highlighted in the Design View
window. Similarly, if you select a control in the Design View window, the corresponding control is
selected in the Document Outline window (pin the Document Outline window in place by deselect-
ing the Auto Hide button in the top-right corner of the Document Outline window to see this in
action.)

On the form, click the two TextBox controls in which the user types numbers. In the Document
Outline window, verify that they are named /hsOperand and rhsOperand.

When the form runs, the Text property of each of these controls holds the values that the
user enters.

Toward the bottom of the form, verify that the TextBlock control used to display the expres-
sion being evaluated is named expression and that the TextBlock control used to display the
result of the calculation is named result.

Close the Document Outline window.

On the VIEW menu, click Code to display the code for the MainWindow.xaml.cs file in the
Code and Text Editor window.

In the Code and Text Editor window, locate the addValues method. It looks like this:
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private void addvalues()
{
int Ths = int.Parse(lhsOperand.Text);
int rhs = int.Parse(rhsOperand.Text);
int outcome;
// TODO: Add rhs to Ths and store the result in outcome

expression.Text = ThsOperand.Text + " + " + rhsOperand.Text;
result.Text = outcome.ToString(Q);

3

The first statement in this method declares an int variable called /hs and initializes it with the
integer corresponding to the value typed by the user in the /hsOperand text box. Remember
that the Text property of a TextBox control contains a string, but /hs is an int, so you must
convert this string to an integer before you can assign it to /hs. The int data type provides the
int.Parse method, which does precisely this.

The second statement declares an int variable called rhs and initializes it to the value in the
rhsOperand text box after converting it to an int.

The third statement declares an int variable called outcome.

A comment stating that you need to add rhs to /hs and store the result in outcome follows.
This is the missing bit of code that you need to implement, which you will do in the next step.

The fifth statement concatenates three strings indicating the calculation being performed
(using the plus operator, +) and assigns the result to the expression.Text property. This causes
the string to appear in the Expression text box on the form.

The final statement displays the result of the calculation by assigning it to the Text property of
the Result text box. Remember that the Text property is a string, and the result of the calcula-
tion is an int, so you must convert the int to a string before assigning it to the Text property.
Recall that this is what the ToString method of the int type does.

Underneath the comment in the middle of the addValues method, add the statement shown
below in bold:

private void addvalues()

{
int Ths = int.Parse(lhsOperand.Text);
int rhs = int.Parse(rhsOperand.Text);
int outcome;
// TODO: Add rhs to 1hs and store the result in outcome
outcome = lhs + rhs;
expression.Text = ThsOperand.Text + " + " + rhsOperand.Text;
result.Text = outcome.ToString(Q);
}

This statement evaluates the expression /hs + rhs and stores the result in outcome.
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9. Examine the subtractValues method. You should see that it follows a similar pattern, and you
need to add the statement to calculate the result of subtracting rhs from /hs and storing it in
outcome. Add the statement shown below in bold to this method:

10

private void subtractValues()

{

}

int Ths = int.Parse(lhsOperand.Text);

int rhs = int.Parse(rhsOperand.Text);

int outcome;

// TODO: Subtract rhs from Ths and store the result in outcome
outcome = lThs - rhs;

expression.Text = ThsOperand.Text + " - " + rhsOperand.Text;
result.Text = outcome.ToString(Q);

Examine the mutiplyValues, divideValues, and remainderValues methods. Again, they all have
the crucial statement that performs the specified calculation missing. Add the appropriate
statements to these methods (shown below in bold).

private void multiplyValues()

{

}

int Ths = int.Parse(lhsOperand.Text);

int rhs = int.Parse(rhsOperand.Text);

int outcome = 0;

// TODO: Multiply Ths by rhs and store the result in outcome
outcome = Ths * rhs;

expression.Text = ThsOperand.Text + " * " + rhsOperand.Text;
result.Text = outcome.ToString(Q);

private void divideValues()

{

}

int Ths = int.Parse(ThsOperand.Text);

int rhs = int.Parse(rhsOperand.Text);

int outcome = 0;

// TODO: Divide 1hs by rhs and store the result in outcome
outcome = lhs / rhs;
expression.Text = ThsOperand.Text +
result.Text = outcome.ToString(Q);

/ " + rhsOperand.Text;

private void remainderValues()

{

int Ths = int.Parse(lhsOperand.Text);

int rhs = int.Parse(rhsOperand.Text);

int outcome = 0;

// TODO: Work out the remainder after dividing 1hs by rhs and store the result
outcome = Ths % rhs;
expression.Text = ThsOperand.Text +
result.Text = outcome.ToString(Q);

% " + rhsOperand.Text;
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Test the MathsOperators application

On the DEBUG menu, click Start Debugging to build and run the application.

Type 54 in the Left Operand text box, type 13 in the Right Operand text box, click the + Addi-
tion button, and then click Calculate.

The value 67 should appear in the Result text box.

Click the — Subtraction button and then click Calculate. Verify that the result is now 41.
Click the * Multiplication button and then click Calculate. Verify that the result is now 702.
Click the / Division button and then click Calculate. Verify that the result is now 4.

In real life, 54/13 is 4.153846 recurring, but this is not real life—this is C# performing integer
division. When you divide one integer by another integer, the answer you get back is an inte-
ger, as explained earlier.

Click the % Remainder button and then click Calculate. Verify that the result is now 2.

When dealing with integers, the remainder after dividing 54 by 13 is 2; (54 — ((54/13) * 13)) is
2. This is because the calculation rounds down to an integer at each stage. (My school math-
ematics teacher would be horrified to be told that (54/13) * 13 does not equal 54!)

Return to Visual Studio and stop debugging (or click Quit if you are using Windows 7).

Controlling Precedence

Precedence governs the order in which an expression’s operators are evaluated. Consider the follow-
ing expression, which uses the + and * operators:

2 + 3%

4

This expression is potentially ambiguous: do you perform the addition first or the multiplication?
The order of the operations matters because it changes the result:

If you perform the addition first, followed by the multiplication, the result of the addition
(2 + 3) forms the left operand of the * operator, and the result of the whole expression is 5 * 4,
which is 20.

If you perform the multiplication first, followed by the addition, the result of the multiplica-
tion (3 * 4) forms the right operand of the + operator, and the result of the whole expression
is 2 + 12, which is 14.

In C#, the multiplicative operators (*, /, and %) have precedence over the additive operators
(+ and -), so in expressions such as 2 + 3 * 4, the multiplication is performed first, followed by the
addition. The answer to 2 + 3 * 4 is therefore 14.
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You can use parentheses to override precedence and force operands to bind to operators in a dif-
ferent way. For example, in the following expression, the parentheses force the 2 and the 3 to bind to
the + operator (making 5), and the result of this addition forms the left operand of the * operator to
produce the value 20:

@2+3) *4

Note The term parentheses or round brackets refers to (). The term braces or curly brackets
refers to { }. The term square brackets refers to [ ].

Using Associativity to Evaluate Expressions

Operator precedence is only half the story. What happens when an expression contains different op-
erators that have the same precedence? This is where associativity becomes important. Associativity is
the direction (left or right) in which the operands of an operator are evaluated. Consider the following
expression that uses the / and * operators:

4/2%6

At first glance, this expression is potentially ambiguous. Do you perform the division first or the
multiplication? The precedence of both operators is the same (they are both multiplicative), but the
order in which the operators in the expression are applied is important because you can get two dif-
ferent results:

= [f you perform the division first, the result of the division (4/2) forms the left operand of the
* operator, and the result of the whole expression is (4/2) * 6, or 12.

= If you perform the multiplication first, the result of the multiplication (2 * 6) forms the right
operand of the / operator, and the result of the whole expression is 4/(2 * 6), or 4/12.

In this case, the associativity of the operators determines how the expression is evaluated. The
* and / operators are both left-associative, which means that the operands are evaluated from left to
right. In this case, 4/2 will be evaluated before multiplying by 6, giving the result 12.

Associativity and the Assignment Operator

In C#, the equal sign, =, is an operator. All operators return a value based on their operands. The
assignment operator = is no different. It takes two operands: the operand on its right side is evalu-
ated and then stored in the operand on its left side. The value of the assignment operator is the value
that was assigned to the left operand. For example, in the following assignment statement, the value
returned by the assignment operator is 10, which is also the value assigned to the variable myint:

int myInt;
myInt = 10; // value of assignment expression is 10
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At this point, you might be thinking that this is all very nice and esoteric, but so what? Well, be-
cause the assignment operator returns a value, you can use this same value with another occurrence
of the assignment statement, like this:

int myInt;
int myInt2;
myInt2 = myInt = 10;

The value assigned to the variable myint2 is the value that was assigned to myint. The assignment
statement assigns the same value to both variables. This technique is useful if you want to initialize
several variables to the same value. It makes it very clear to anyone reading your code that all the
variables must have the same value:

myInt5 = myInt4 = myInt3 = myInt2 = myInt = 10;

From this discussion, you can probably deduce that the assignment operator associates from
right to left. The rightmost assignment occurs first, and the value assigned propagates through the
variables from right to left. If any of the variables previously had a value, it is overwritten by the value
being assigned.

You should treat this construct with caution, however. One frequent mistake that new C# program-
mers make is to try to combine this use of the assignment operator with variable declarations. For
example, you might expect the following code to create and initialize three variables with the same
value (10):

int myInt, myInt2, myInt3 = 10;

This is legal C# code (because it compiles). What it does is declare the variables myint, myint2, and
myInt3, and initialize myInt3 with the value 10. However, it does not initialize myInt or myInt2. If you
try to use myint or myInt2 in an expression such as this:

myInt3 = myInt / myInt2;
the compiler generates the following errors:

Use of unassigned Tocal variable 'myInt'
Use of unassigned Tocal variable 'myInt2'

Incrementing and Decrementing Variables

If you want to add 1 to a variable, you can use the + operator:
count = count + 1;

However, adding 1 to a variable is so common that C# provides its own operator just for this pur-
pose: the ++ operator. To increment the variable count by 1, you can write the following statement:

count++;
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Similarly, C# provides the —— operator that you can use to subtract 1 from a variable, like this:
count--;

The ++ and — operators are unary operators, meaning that they take only a single operand. They
share the same precedence and are both left-associative.

Prefix and Postfix

The increment, ++, and decrement, ——, operators are unusual in that you can place them either
before or after the variable. Placing the operator symbol before the variable is called the prefix form
of the operator, and using the operator symbol after the variable is called the postfix form. Here are
examples:

count++; // postfix increment
++count; // prefix increment
count--; // postfix decrement
--count; // prefix decrement

Whether you use the prefix or postfix form of the ++ or —— operator makes no difference to the
variable being incremented or decremented. For example, if you write count++, the value of count
increases by 1, and if you write ++count, the value of count also increases by 1. Knowing this, you're
probably wondering why there are two ways to write the same thing. To understand the answer, you
must remember that ++ and — are operators and that all operators are used to evaluate an expres-
sion that has a value. The value returned by count++ is the value of count before the increment takes
place, whereas the value returned by ++count is the value of count after the increment takes place.
Here is an example:

int x;
X = 42;
Console.WriteLine(x++); // x is now 43, 42 written out
X = 42;
Console.WriteLine(++x); // x is now 43, 43 written out

The way to remember which operand does what is to look at the order of the elements (the op-
erand and the operator) in a prefix or postfix expression. In the expression x++, the variable x occurs
first, so its value is used as the value of the expression before x is incremented. In the expression ++x,
the operator occurs first, so its operation is performed before the value of x is evaluated as the result.

These operators are most commonly used in while and do statements, which are presented in
Chapter 5, "Using Compound Assignment and Iteration Statements.” If you are using the increment
and decrement operators in isolation, stick to the postfix form and be consistent.
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Declaring Implicitly Typed Local Variables

Earlier in this chapter, you saw that you declare a variable by specifying a data type and an identifier,
like this:

int myInt;

It was also mentioned that you should assign a value to a variable before you attempt to use it.
You can declare and initialize a variable in the same statement, like this:

int myInt = 99;
Or you can even do it like this, assuming that myOtherint is an initialized integer variable:
int myInt = myOtherInt * 99;

Now, remember that the value you assign to a variable must be of the same type as the variable.
For example, you can assign an int value only to an int variable. The C# compiler can quickly work out
the type of an expression used to initialize a variable and indicate if it does not match the type of the
variable. You can also ask the C# compiler to infer the type of a variable from an expression and use
this type when declaring the variable by using the var keyword in place of the type, like this:

var myVariable = 99;
var myOtherVariable = "Hello";

The variables myVariable and myOtherVariable are referred to as implicitly typed variables. The
var keyword causes the compiler to deduce the type of the variables from the types of the expres-
sions used to initialize them. In these examples, myVariable is an int, and myOtherVariable is a string.
However, it is important for you to understand that this is a convenience for declaring variables
only, and that after a variable has been declared you can assign only values of the inferred type to
it—you cannot assign float, double, or string values to myVariable at a later point in your program,
for example. You should also understand that you can use the var keyword only when you supply an
expression to initialize a variable. The following declaration is illegal and causes a compilation error:

var yetAnotherVariable; // Error - compiler cannot infer type

W Important If you have programmed with Visual Basic in the past, you might be familiar
with the Variant type, which you can use to store any type of value in a variable. | empha-
size here and now that you should forget everything you ever learned when programming
with Visual Basic about Variant variables. Although the keywords look similar, var and
Variant mean totally different things. When you declare a variable in C# using the var key-
word, the type of values that you assign to the variable cannot change from that used to
initialize the variable.
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If you are a purist, you are probably gritting your teeth at this point and wondering why on earth
the designers of a neat language such as C# should allow a feature such as var to creep in. After all, it
sounds like an excuse for extreme laziness on the part of programmers and can make it more difficult
to understand what a program is doing or track down bugs (and it can even easily introduce new
bugs into your code). However, trust me that var has a very valid place in C#, as you will see when
you work through many of the following chapters. However, for the time being, we will stick to using
explicitly typed variables except for when implicit typing becomes a necessity.

Summary

64

In this chapter, you have seen how to create and use variables, and you have learned about some of
the common data types available for variables in C#. You have learned about identifiers. In addition,
you have used a number of operators to build expressions, and you have learned how the precedence
and associativity of operators determine how expressions are evaluated.

= [f you want to continue to the next chapter
Keep Visual Studio 2012 running, and turn to Chapter 3.
m If you want to exit Visual Studio 2012 now

On the FILE menu, click Exit. If you see a Save dialog box, click Yes and save the project.
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Chapter 2 Quick Reference

To Do this

Declare a variable Write the name of the data type, followed by the name of the vari-
able, followed by a semicolon. For example:

int outcome;

Declare a variable and give it an initial value Write the name of the data type, followed by the name of the vari-
able, followed by the assignment operator and the initial value. Finish
with a semicolon. For example:

int outcome = 99;

Change the value of a variable Write the name of the variable on the left, followed by the assign-
ment operator, followed by the expression calculating the new value,
followed by a semicolon. For example:

outcome = 42;

Generate a string representation of the value | Call the ToString method of the variable. For example:

in a variable . .
int intVar = 42;
string stringVar = intVar.ToString(Q);
Convert a string to an int Call the System.Int32.Parse method. For example:
string stringVar = "42";
int intVar = System.Int32.Parse(stringVar);
Override the precedence of an operator Use parentheses in the expression to force the order of evaluation.
For example:
3 +4) *5
Assign the same value to several variables Use an assignment statement that lists all the variables. For example:
myInt4 = myInt3 = myInt2 = myInt = 10;
Increment or decrement a variable Use the ++ or -- operator. For example:

count++;
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Writing Methods and
Applying Scope

After completing this chapter, you will be able to

m  Declare and call methods.

m  Pass information to a method.

m  Return information from a method.

m  Define local and class scope.

m  Use the integrated debugger to step into and out of methods as they run.

In Chapter 2, “Working with Variables, Operators, and Expressions,” you learned how to declare
variables, how to create expressions using operators, and how precedence and associativity control
the way in which expressions containing multiple operators are evaluated. In this chapter, you'll learn
about methods. You'll see how to declare and call methods, and you'll also learn how to use argu-
ments and parameters to pass information to a method as well as return information from a method
by using a return statement. You'll see how to step into and out of methods by using the Microsoft
Visual Studio 2012 integrated debugger. This information is useful when you need to trace the execu-
tion of your methods if they do not work quite as you expect. Finally, you'll also learn how to declare
methods that take optional parameters and how to invoke methods by using named arguments.

Creating Methods

A method is a named sequence of statements. If you have previously programmed using a language
such as C, C++, or Microsoft Visual Basic, you will see that a method is similar to a function or a sub-
routine. A method has a name and a body. The method name should be a meaningful identifier that
indicates the overall purpose of the method (calculatelncomeTax, for example). The method body con-
tains the actual statements to be run when the method is called. Additionally, methods can be given
some data for processing and can return information, which is usually the result of the processing.
Methods are a fundamental and powerful mechanism.
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Declaring a Method

The syntax for declaring a C# method is as follows:

returnType methodName ( parameterList )

{
// method body statements go here

}

m  The returnType is the name of a type and specifies the kind of information the method
returns as a result of its processing. This can be any type, such as int or string. If you're writ-
ing a method that does not return a value, you must use the keyword void in place of the
return type.

m  The methodName is the name used to call the method. Method names follow the same
identifier rules as variable names. For example, addValues is a valid method name, whereas
add$Values is not. For now, you should follow the camelCase convention for method names—
for example, displayCustomer.

m  The parameterlList is optional and describes the types and names of the information that you
can pass into the method for it to process. You write the parameters between opening and
closing parentheses, (), as though you're declaring variables, with the name of the type fol-
lowed by the name of the parameter. If the method you're writing has two or more param-
eters, you must separate them with commas.

= The method body statements are the lines of code that are run when the method is called.
They are enclosed between opening and closing braces, { }.

V Important C, C++, and Microsoft Visual Basic programmers should note that C# does not
support global methods. You must write all your methods inside a class; otherwise, your
code will not compile.

Here's the definition of a method called addValues that returns an int result and has two int param-
eters, leftHandSide and rightHandSide:

int addvalues(int leftHandSide, int rightHandSide)

{
// ...
// method body statements go here
/] ...

}

Note You must explicitly specify the types of any parameters and the return type of a
method. You cannot use the var keyword.
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Here's the definition of a method called showResult that does not return a value and has a single
int parameter, called answer:

void showResult(int answer)
{

// ...
}

Notice the use of the keyword void to indicate that the method does not return anything.

Important Visual Basic programmers should notice that C# does not use different key-
words to distinguish between a method that returns a value (a function) and a method that
does not return a value (a procedure or subroutine). You must always specify either a return
type or void.

Returning Data from a Method

If you want a method to return information (that is, its return type is not void), you must include a
return statement at the end of the processing in the method body. A return statement consists of the
keyword return followed by an expression that specifies the returned value, and a semicolon. The type
of the expression must be the same as the type specified by the method declaration. For example,

if a method returns an int, the return statement must return an int; otherwise, your program will not
compile. Here is an example of a method with a return statement:

int addvalues(int leftHandSide, int rightHandSide)
{

/] ..
return leftHandSide + rightHandSide;

The return statement is usually positioned at the end of the method because it causes the method
to finish, and control returns to the statement that called the method, as described later in this chap-
ter. Any statements that occur after the return statement are not executed (although the compiler
warns you about this problem if you place statements after the return statement).

If you don't want your method to return information (that is, its return type is void), you can use a
variation of the return statement to cause an immediate exit from the method. You write the keyword
return immediately followed by a semicolon. For example:
void showResult(int answer)

{
// display the answer

return;
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If your method does not return anything, you can also omit the return statement because the
method finishes automatically when execution arrives at the closing brace at the end of the method.
Although this practice is common, it is not always considered good style.

In the following exercise, you will examine another version of the MathsOperators project from
Chapter 2. This version has been improved by the careful use of some small methods. Dividing code
in this way helps to make it easier to understand and more maintainable.

Examine method definitions

Start Visual Studio 2012 if it is not already running.

Open the Methods project in the \Microsoft Press\Visual CSharp Step By Step\Chapter 3\
Windows X\Methods folder in your Documents folder.

On the DEBUG menu, click Start Debugging.

Visual Studio 2012 builds and runs the application. It should look the same as the application
from Chapter 2.

Refamiliarize yourself with the application and how it works, and then return to Visual Studio.
On the DEBUG menu, click Stop Debugging (or click Quit in the Methods window if you are
using Windows 7).

Display the code for MainWindow.xaml.cs in the Code and Text Editor window (in Solution
Explorer, expand the MainWindow.xaml file and then double-click MainWindow.xaml.cs).

In the Code and Text Editor window, locate the addValues method.

The method looks like this:

private int addvalues(int leftHandSide, int rightHandSide)

{
expression.Text = TeftHandSide.ToString() + " + " + rightHandSide.ToString(Q;
return leftHandSide + rightHandSide;

Note Don't worry about the private keyword at the start of the definition of this
method for the moment; you will learn what this keyword means in Chapter 7,
“Creating and Managing Classes and Objects.”

The addValues method contains two statements. The first statement displays the calcula-
tion being performed in the expression text box on the form. The values of the parameters
leftHandSide and rightHandSide are converted to strings (using the ToString method you met
in Chapter 2) and concatenated together using the string version of the plus operator (+).
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The second statement uses the int version of the + operator to add the values of the
leftHandSide and rightHandSide int variables together, and then returns the result of this
operation. Remember that adding two int values together creates another int value, so the
return type of the addValues method is int.

If you look at the methods subtractValues, multiplyValues, divideValues, and remainderValues,
you will see that they follow a similar pattern.

In the Code and Text Editor window, locate the showResult method.

The showResult method looks like this:

private void showResult(int answer)
{

result.Text = answer.ToString(Q);

}

This method contains one statement that displays a string representation of the answer
parameter in the result text box. It does not return a value, so the type of this method is void.

Tip There is no minimum length for a method. If a method helps to avoid repetition
and makes your program easier to understand, the method is useful regardless of
how small it is.

There is also no maximum length for a method, but usually you want to keep your
method code small enough to get the job done. If your method is more than one
screen in length, consider breaking it into smaller methods for readability.

Calling Methods

Methods exist to be called! You call a method by name to ask it to perform its task. If the method
requires information (as specified by its parameters), you must supply the information requested. If
the method returns information (as specified by its return type), you should arrange to capture this
information somehow.

Specifying the Method Call Syntax

The syntax of a C# method call is as follows:

result = methodName ( argumentList )

The methodName must exactly match the name of the method you're calling. Remember, C#
is a case-sensitive language.

The result = clause is optional. If specified, the variable identified by result contains the value
returned by the method. If the method is void (that is, it does not return a value), you must
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omit the result = clause of the statement. If you don't specify the result = clause and the
method does return a value, the method runs but the return value is discarded.

m  The argumentList supplies the information that the method accepts. You must supply an argu-
ment for each parameter, and the value of each argument must be compatible with the type
of its corresponding parameter. If the method you're calling has two or more parameters, you
must separate the arguments with commas.

Important You must include the parentheses in every method call, even when calling a
method that has no arguments.

To clarify these points, take a look at the addValues method again:

int addvValues(int TleftHandSide, int rightHandSide)
{

/]
}

The addValues method has two int parameters, so you must call it with two comma-separated int
arguments, such as this:

addvalues (39, 3); // okay

You can also replace the literal values 39 and 3 with the names of int variables. The values in those
variables are then passed to the method as its arguments, like this:

int argl = 99;
int arg2 = 1;
addValues(argl, arg2);

If you try to call addValues in some other way, you will probably not succeed for the reasons
described in the following examples:

addValues; // compile-time error, no parentheses
addvalues(); // compile-time error, not enough arguments
addvValues(39); // compile-time error, not enough arguments
addvalues("39", "3"); // compile-time error, wrong types for arguments

The addValues method returns an int value. This int value can be used wherever an int value can be
used. Consider these examples:

int result = addvalues(39, 3); // on right-hand side of an assignment
showResult(addvalues(39, 3)); // as argument to another method call

The following exercise continues with the Methods application. This time, you will examine some
method calls.
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Examine method calls

1.

Return to the Methods project. (This project is already open in Visual Studio 2012 if you're
continuing from the previous exercise. If you are not, open it from the \Microsoft Press\
Visual CSharp Step By Step\Chapter 3\Windows X\Methods folder in your Documents folder.)

Display the code for MainWindow.xaml.cs in the Code and Text Editor window.

Locate the calculateClick method, and look at the first two statements of this method after
the try statement and opening brace. (You will learn about try statements in Chapter 6,
“Managing Errors and Exceptions.”)

These statements look like this:

int TeftHandSide = System.Int32.Parse(lhsOperand.Text);
int rightHandSide = System.Int32.Parse(rhsOperand.Text);

These two statements declare two int variables, called leftHandSide and rightHandSide.
Notice the way in which the variables are initialized. In both cases, the Parse method of the
System.Int32 class is called. (System is a namespace, and Int32 is the name of the class in

this namespace.) You have seen this method before—it takes a single string parameter and
converts it to an int value. These two lines of code take whatever the user has typed into the
lhsOperand and rhsOperand text box controls on the form and converts them to int values.

Look at the fourth statement in the calculateClick method (after the if statement and another
opening brace):

calculatedvValue = addValues(leftHandSide, rightHandSide);

This statement calls the addValues method, passing the values of the leftHandSide and right-
HandSide variables as its arguments. The value returned by the addValues method is stored in
the calculatedValue variable.

Look at the next statement:
showResult(calculatedValue);

This statement calls the showResult method, passing the value in the calculatedValue variable
as its argument. The showResult method does not return a value.

In the Code and Text Editor window, find the showResult method you looked at earlier.
The only statement of this method is this:
result.Text = answer.ToString(Q);

Notice that the ToString method call uses parentheses even though there are no arguments.
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@ Tip You can call methods belonging to other objects by prefixing the method with
the name of the object. In the preceding example, the expression answer.ToString()
calls the method named ToString belonging to the object called answer.

Applying Scope
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You create variables to hold values. You can create variables at various points in your applica-
tions. For example, the calculateClick method in the Methods project creates an int variable called
calculatedValue and assigns it an initial value of zero, like this:

private void calculateClick(object sender, RoutedEventArgs e)

{

int calculatedvalue = 0;

This variable comes into existence at the point where it is defined, and subsequent statements in
the calculateClick method can then use this variable. This is an important point: a variable can be used
only after it has been created. When the method has finished, this variable disappears and cannot be
used elsewhere.

When a variable can be accessed at a particular location in a program, the variable is said to be in
scope at that location. The calculatedValue variable has method scope; it can be accessed throughout
the calculateClick method but not outside of that method. You can also define variables with different
scope; for example, you can define a variable outside of a method but within a class, and this variable
can be accessed by any method within that class. Such a variable is said to have class scope.

To put it another way, the scope of a variable is simply the region of the program in which that
variable is usable. Scope applies to methods as well as variables. The scope of an identifier (of a
variable or method) is linked to the location of the declaration that introduces the identifier in the
program, as you learn next.

Defining Local Scope

The opening and closing braces that form the body of a method define the scope of the method.

Any variables you declare inside the body of a method are scoped to that method; they disappear
when the method ends and can be accessed only by code running in that method. These variables are
called local variables because they are local to the method in which they are declared; they are not in
scope in any other method.
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The scope of local variables means that you cannot use them to share information between
methods. Consider this example:

class Example

{
void firstMethod()
{
int myVar;
}
void anotherMethod()
{
myVar = 42; // error - variable not in scope
}
}

This code fails to compile because anotherMethod is trying to use the variable myVar, which is not
in scope. The variable myVar is available only to statements in firstMethod that occur after the line of
code that declares myVar.

Defining Class Scope

The opening and closing braces that form the body of a class define the scope of that class. Any
variables you declare inside the body of a class (but not inside a method) are scoped to that class.
The proper C# term for a variable defined by a class is field. As mentioned earlier, in contrast with
local variables, you can use fields to share information between methods. Here is an example:

class Example

{
void firstMethod()
{
myField = 42; // ok
}
void anotherMethod()
{
myField++; // ok
}
int myField = 0;
}

The variable myField is defined in the class but outside the methods firstMethod and another
Method. Therefore, myField has class scope and is available for use by all methods in the class.

There is one other point to notice about this example. In a method, you must declare a variable
before you can use it. Fields are a little different. A method can use a field before the statement that
defines the field—the compiler sorts out the details for you.
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Overloading Methods

If two identifiers have the same name and are declared in the same scope, they are said to be
overloaded. Often an overloaded identifier is a bug that gets trapped as a compile-time error. For
example, if you declare two local variables with the same name in the same method, the compiler
reports an error. Similarly, if you declare two fields with the same name in the same class, or two iden-
tical methods in the same class, you also get a compile-time error. This fact might seem hardly worth
mentioning, given that everything so far has turned out to be a compile-time error. However, there is
a way that you can overload an identifier for a method, and that way is both useful and important.

Consider the WriteLine method of the Console class. You have already used this method for writing
a string to the screen. However, when you type WriteLine in the Code and Text Editor window when
writing C# code, notice that Microsoft IntelliSense gives you 19 different options! Each version of the
WriteLine method takes a different set of parameters; one version takes no parameters and simply
outputs a blank line, another version takes a bool parameter and outputs a string representation of
its value (True or False), yet another implementation takes a decimal parameter and outputs it as a
string, and so on. At compile time, the compiler looks at the types of the arguments you are passing
in and then arranges for your application to call the version of the method that has a matching set of
parameters. Here is an example:

static void Main(Q)

{
Console.WriteLine("The answer 1is ");
Console.WriteLine(42);

Overloading is primarily useful when you need to perform the same operation on different data types
or varying groups of information. You can overload a method when the different implementations have
different sets of parameters—that is, when they have the same name but a different number of parameters,
or when the types of the parameters differ. When you call a method, you supply a comma-separated list
of arguments, and the number and type of the arguments are used by the compiler to select one of the
overloaded methods. However, note that although you can overload the parameters of a method, you can't
overload the return type of a method. In other words, you can't declare two methods with the same name
that differ only in their return type. (The compiler is clever, but not that clever.)

Writing Methods
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In the following exercises, you'll create a method that calculates how much a consultant would charge for a
given number of consultancy days at a fixed daily rate. You will start by developing the logic for the applica-
tion and then use the Generate Method Stub Wizard to help you write the methods that are used by this
logic. Next, you'll run these methods in a console application to get a feel for the program. Finally, you'll use
the Visual Studio 2012 debugger to step into and out of the method calls as they run.
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Develop the logic for the application

1.

Using Visual Studio 2012, open the DailyRate project in the \Microsoft Press\Visual CSharp
Step By Step\Chapter 3\Windows X\DailyRate folder in your Documents folder.

In Solution Explorer, double-click the file Program.cs in the DailyRate project to display the
code for the program in the Code and Text Editor window.

This program is simply a test harness for you to try out your code. When the application starts
running, it calls the run method. You add the code that you want to try to the run method.
(The way in which the method is called requires an understanding of classes, which you look
at in Chapter 7))

Add the following statements shown in bold to the body of the run method, between the
opening and closing braces:

void run()

{
double dailyRate = readDouble("Enter your daily rate: ");
int noOfDays = readInt("Enter the number of days: ");
writeFee(calculateFee(dailyRate, noOfDays));

}

The block of code you have just added to the run method calls the readDouble method (which
you will write shortly) to ask the user for the daily rate for the consultant. The next statement
calls the readint method (which you will also write) to obtain the number of days. Finally, the
writeFee method (to be written) is called to display the results on the screen. Notice that the
value passed to writeFee is the value returned by the calculateFee method (the last one you
will need to write), which takes the daily rate and the number of days and calculates the total
fee payable.

Note You have not yet written the readDouble, readint, writeFee, and calculateFee
methods, so IntelliSense does not display these methods when you type this code.
Do not try to build the application yet—it will fail.

Write the methods using the Generate Method Stub Wizard

1.

In the Code and Text Editor window, right-click the readDouble method call in the run method.

A shortcut menu appears that contains useful commands for generating and editing code, as
shown here:
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2.

Program.cs™ ® X

ey DailyRate.Program - fﬂ, run()
using System;

Elnamespace DailyRate

{

= class Progran

{

= static void Main(string[] args)

{

(new Program{)).run();

}

= void run()
{

Refact ’

double dailyRate = readDol acter

int ne0fDays = readInt("El Generate @ Method Stub

writeFee(calculateFee (dai. Organize Usings 3

} ¥ Generate Sequence Diagram...
1 "&  Run Tests Ctrl+R, T

Debug Tests
On the shortcut menu, point to Generate, and then click Method Stub.

Visual Studio examines the call to the readDouble method, ascertains the type of its param-
eters and return value, and generates a method with a default implementation, like this:

private double readDouble(string p)
{

throw new NotImplementedException();

}

The new method is created with the private qualifier, which is described in Chapter 7. The
body of the method currently just throws a Not/mplementedException exception. (Exceptions
are described in Chapter 6.) You replace the body with your own code in the next step.

Delete the throw new NotimplementedException(); statement from the readDouble method,
and replace it with the following lines of code:

Console.Write(p);

string 1ine = Console.ReadLine();
return double.Parse(line);

This block of code displays the string in variable p to the screen. This variable is the string
parameter passed in when the method is called, and it contains the message prompting the
user to type in the daily rate.

Note The Console.Write method is similar to the Console.WriteLine statement that
you have used in earlier exercises, except that it does not output a newline character
after the message.

The user types a value, which is read into a string using the ReadLine method and converted
to a double using the double.Parse method. The result is passed back as the return value of the
method call.
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4.

Note The ReadLine method is the companion method to WriteLine; it reads user in-
put from the keyboard, finishing when the user presses the Enter key. The text typed
by the user is passed back as the return value. The text is returned as a string value.

In the run method, right-click the call to the readint method in the run method, point to
Generate, and then click Method Stub to generate the readint method.

The readint method is generated, like this:

private int readInt(string p)
{

throw new NotImplementedException();

}

Replace the throw new NotimplementedException(); statement in the body of the readint
method with the following code:

Console.Write(p);
string 1ine = Console.ReadLine();
return int.Parse(line);

This block of code is similar to the code for the readDouble method. The only difference is
that the method returns an int value, so the string typed by the user is converted to a number
using the int.Parse method.

Right-click the call to the calculateFee method in the run method, point to Generate, and then
click Method Stub.

The calculateFee method is generated, like this:

private object calculateFee(double dailyRate, int noOfDays)
{

throw new NotImplementedException();

}

Notice in this case that Visual Studio uses the names of the arguments passed in to generate
names for the parameters. (You can, of course, change the parameter names if they are not
suitable.) What is more intriguing is the type returned by the method, which is object. Visual
Studio is unable to determine exactly which type of value should be returned by the method
from the context in which it is called. The object type just means a “thing,” and you should
change it to the type you require when you add the code to the method. You will learn more
about the object type in Chapter 7.

Change the definition of the calculateFee method so that it returns a double, as shown in bold
type here:
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private double calculateFee(double dailyRate, int noOfDays)
{

throw new NotImplementedException();

}

ol

Replace the body of the calculateFee method with the following statement, which calculates
the fee payable by multiplying the two parameters together and then returns it:

return dailyRate * noOfDays;

©

Right-click the call to the writeFee method in the run method, and then click
Generate Method Stub.

Note that Visual Studio uses the definition of the calculateFee method to work out that its
parameter should be a double. Also, the method call does not use a return value, so the type
of the method is void:

private void writeFee(double p)

{
}

@ Tip If you feel sufficiently comfortable with the syntax, you can also write methods
by typing them directly into the Code and Text Editor window. You do not always
have to use the Generate menu option.

10. Replace the code in the body of the writeFee method with the following statement, which

calculates the fee and adds a 10% commission:

Console.WriteLine("The consultant's fee is: {0}", p * 1.1);

Note This version of the WriteLine method demonstrates the use of a format string.
The text {0} in the string used as the first argument to the WriteLine method is a
placeholder that is replaced with the value of the expression following the string
(p * 1.1) when it is evaluated at run time. Using this technique is preferable to alter-
natives, such as converting the value of the expression p * 1.1 to a string and using
the + operator to concatenate it to the message.

11. On the BUILD menu, click Build Solution.
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Refactoring Code
A very useful feature of Visual Studio 2012 is the ability to refactor code.

Occasionally, you will find yourself writing the same (or similar) code in more than one
place in an application. When this occurs, highlight and right-click the block of code you have
just typed, and on the Refactor menu, click Extract Method. The Extract Method dialog box
appears, prompting you for the name of a new method to create containing this code. Type a
name and click OK. The new method is created containing your code, and the code you typed
is replaced with a call to this method. Extract Method is also able to determine whether the
method should take any parameters and return a value.

Test the program

1. On the DEBUG menu, click Start Without Debugging.
Visual Studio 2012 builds the program and then runs it. A console window appears.
2. At the Enter Your Daily Rate prompt, type 525 and then press Enter.
3. At the Enter the Number of Days prompt, type 17 and then press Enter.
The program writes the following message to the console window:
The consultant's fee is: 9817.5
4. Press the Enter key to close the application and return to Visual Studio 2012.

In the next exercise, you'll use the Visual Studio 2012 debugger to run your program in slow
motion. You'll see when each method is called (which is referred to as stepping into the method) and
then see how each return statement transfers control back to the caller (also known as stepping out
of the method). While you are stepping into and out of methods, you can use the tools on the Debug
toolbar. However, the same commands are also available on the DEBUG menu when an application is
running in debug mode.

Step through the methods by using the Visual Studio 2012 debugger

1. Inthe Code and Text Editor window, find the run method.
2. Move the mouse to the first statement in the run method:

double dailyRate = readDouble("Enter your daily rate: ");
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3.

4.

Right-click anywhere on this line, and click Run to Cursor on the shortcut menu.

The program starts and runs until it reaches the first statement in the run method, and then
it pauses. A yellow arrow in the left margin of the Code and Text Editor window indicates the
current statement, which is also highlighted with a yellow background.

Program.cs B # X

5 DailyRate.Program - @'a run()

using System;

“Inamespace DailyRate

{
= class Program
{
= static veid Main(string[] args)
(new Program()).run();
}
= vold run()
L Houble dailyRate = readDouble("Enter your daily rate: ");

int noOfDays = readInt("Enter the number of days: ");
writeFee(calculateFee(dailyRate, noOfDays));

}
= private void writeFee(double p)
¢ Console.Writeline("The consultant's fee is : {@}", p * 1.1};
}
= private double calculateFee(double dailyRate, int noOfDays)
¢ return dailyRate * noOfDays;
}

On the VIEW menu, point to Toolbars, and then make sure that the Debug toolbar is selected.

If it was not already visible, the Debug toolbar opens. It might appear docked with the other tool-
bars. If you cannot see the toolbar, try using the Toolbars command on the VIEW menu to hide it,
and notice which buttons disappear. Then display the toolbar again. The Debug toolbar looks like
this:

Step into Step out

|

o 2 6. G66Q W
Step over

On the Debug toolbar, click the Step Into button. (This is the sixth button from the left in the Debug
toolbar.)

This action causes the debugger to step into the method being called. The yellow cursor
jumps to the opening brace at the start of the readDouble method.

Click Step Into again. The cursor advances to the first statement:

Console.Write(p);
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7.

10.

11.

Tip You can also press F11 rather than repeatedly clicking Step Into on the Debug
toolbar.

On the Debug toolbar, click Step Over. (This is the seventh button from the left.)

This action causes the method to execute the next statement without debugging it (stepping
into it). This action is primarily useful if the statement calls a method but you don't want to
step through every statement in that method. The yellow cursor moves to the second state-
ment of the method, and the program displays the Enter Your Daily Rate prompt in a console
window before returning to Visual Studio 2012. (The console window might be hidden behind
Visual Studio.)

Tip You can also press F10 rather than clicking Step Over on the Debug toolbar.

On the Debug toolbar, click Step Over again.

This time, the yellow cursor disappears and the console window gets the focus because the
program is executing the Console.ReadLine method and is waiting for you to type something.

Type 525 in the console window, and then press Enter.

Control returns to Visual Studio 2012. The yellow cursor appears on the third line of the
method.

Hover the mouse over the reference to the line variable on either the second or third line of
the method. (It doesn’t matter which.)

A ScreenTip appears, displaying the current value of the /ine variable (“525"). You can use this
feature to make sure that a variable has been set to an expected value while stepping through
methods.

= private double readDouble(string p)

i
Console.Write(p);
string line = Console.Readline();
o> b"etur‘n double.Parse(line);
@ line O~ "525" &

}

On the Debug toolbar, click Step Out.

This action causes the current method to continue running uninterrupted to its end. The
readDouble method finishes, and the yellow cursor is placed back at the first statement of the
run method. This statement as now finished running.

Writing Methods and Applying Scope 83



84

O

12.

13.

14.

15.

16.

17.
18.

19.

20.

Tip You can also press Shift+F11 rather than clicking Step Out on the Debug toolbar.

On the Debug toolbar, click Step Into.

The yellow cursor moves to the second statement in the run method:
int noOfDays = readInt("Enter the number of days: ");

On the Debug toolbar, click Step Over.

This time, you have chosen to run the method without stepping through it. The console win-
dow appears again, prompting you for the number of days.

In the console window, type 17 and then press Enter.

Control returns to Visual Studio 2012 (you may need to bring Visual Studio to the foreground).
The yellow cursor moves to the third statement of the run method:

writeFee(calculateFee(dailyRate, noOfDays));
On the Debug toolbar, click Step Into.

The yellow cursor jumps to the opening brace at the start of the calculateFee method. This
method is called first, before writeFee, because the value returned by this method is used as
the parameter to writeFee.

On the Debug toolbar, click Step Out.

The calculateFee method call completes, and the yellow cursor jumps back to the third state-
ment of the run method.

On the Debug toolbar, click Step Into.

This time, the yellow cursor jumps to the opening brace at the start of the writeFee method.
Place the mouse over the p parameter in the method definition.

The value of p, 8925.0, is displayed in a ScreenTip.

On the Debug toolbar, click Step Out.

The message “The consultant’s fee is: 9817.5" is displayed in the console window. (You might
need to bring the console window to the foreground to display it if it is hidden behind Visual
Studio 2012.) The yellow cursor returns to the third statement in the run method.

On the DEBUG menu, click Continue to cause the program to continue running without stop-
ping at each statement.
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The application completes and finishes running. Notice that the Debug toolbar disappears
when the application finishes—by default, it displays only when you are running an applica-
tion in debug mode.

Using Optional Parameters and Named Arguments

You have seen that by defining overloaded methods, you can implement different versions of a method
that take different parameters. When you build an application that uses overloaded methods, the
compiler determines which specific instances of each method it should use to satisfy each method
call. This is a common feature of many object-oriented languages, not just C#.

However, developers can use other languages and technologies for building Windows applications
and components that do not follow these rules. A key feature of C# and other languages designed
for the .NET Framework is the ability to interoperate with applications and components written by
using other technologies. One of the principal technologies that underpins many Microsoft Windows
applications and services running outside of the .NET Framework is the Component Object Model, or
COM (actually, the common language runtime used by the .NET Framework is also heavily dependent
on COM, as is the Windows Runtime of Windows 8). COM does not support overloaded methods,
but instead it uses methods that can take optional parameters. To make it easier to incorporate COM
libraries and components into a C# solution, C# also supports optional parameters.

Optional parameters are also useful in other situations. They provide a compact and simple solu-
tion when it is not possible to use overloading because the types of the parameters do not vary
sufficiently to enable the compiler to distinguish between implementations. For example, consider the
following method:

public void DoWorkWithData(int intData, float floatData, int moreIntData)
{

}

The DoWorkWithData method takes three parameters: two ints and a float. Now suppose you
want to provide an implementation of DoWorkWithData that took only two parameters: intData and
floatData. You can overload the method like this:

public void DoWorkWithData(int intData, float floatData)
{

3

If you write a statement that calls the DoWorkWithData method, you can provide either two or
three parameters of the appropriate types, and the compiler uses the type information to determine
which overload to call:
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int argl = 99;
float arg2 = 100.0F;
int arg3 = 101;

DoWorkWithData(argl, arg2, arg3); // Call overload with three parameters
DowWorkWithData(argl, arg2); // Call overload with two parameters

However, suppose you want to implement two further versions of DoWorkWithData that take only
the first parameter and the third parameter. You might be tempted to try this:

public void DoWorkWithData(int intData)
{

}

public void DoWorkWithData(int moreIntData)
{

}

The issue is that to the compiler, these two overloads appear identical. Your code will fail to
compile and will instead generate the error “Type ‘typename’ already defines a member called
‘DoWorkWithData’ with the same parameter types.” To understand why this is so, if this code was
legal, consider the following statements:

int argl 99;
int arg3 = 101;

DowWorkWithData(argl);
DoWorkWithData(arg3);

Which overload or overloads would the calls to DoWorkWithData invoke? Using optional param-
eters and named arguments can help to solve this problem.

Defining Optional Parameters

You specify that a parameter is optional when you define a method by providing a default value

for the parameter. You indicate a default value by using the assignment operator. In the optMethod
method shown next, the first parameter is mandatory because it does not specify a default value, but
the second and third parameters are optional:

void optMethod(int first, double second = 0.0, string third = "Hello")
{

}
You must specify all mandatory parameters before any optional parameters.

You can call a method that takes optional parameters in the same way that you call any other
method: you specify the method name and provide any necessary arguments. The difference with
methods that take optional parameters is that you can omit the corresponding arguments, and the
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method will use the default value when the method runs. In the following example code, the first
call to the optMethod method provides values for all three parameters. The second call specifies only
two arguments, and these values are applied to the first and second parameters. The third parameter
receives the default value of “Hello” when the method runs.

optMethod(99, 123.45, "World"); // Arguments provided for all three parameters
optMethod (100, 54.321); // Arguments provided for first two parameters only

Passing Named Arguments

By default, C# uses the position of each argument in a method call to determine which parameters
they apply to. Hence, the second example method shown in the previous section passes the two
arguments to the first and second parameters in the optMethod method, because this is the order in
which they occur in the method declaration. C# also enables you to specify parameters by name, and
this feature lets you pass the arguments in a different sequence. To pass an argument as a named
parameter, you specify the name of the parameter, a colon, and the value to use. The following
examples perform the same function as those shown in the previous section, except that the param-
eters are specified by name:

optMethod(first : 99, second : 123.45, third : "World");
optMethod(first : 100, second : 54.321);

Named arguments give you the ability to pass arguments in any order. You can rewrite the code
that calls the optMethod method like this:

optMethod(third : "World", second : 123.45, first : 99);
optMethod(second : 54.321, first : 100);

This feature also enables you to omit arguments. For example, you can call the optMethod method
and specify values for the first and third parameters only and use the default value for the second
parameter like this:

optMethod(first : 99, third : "World");

Additionally, you can mix positional and named arguments. However, if you use this technique, you
must specify all the positional arguments before the first named argument:

optMethod(99, third : "World"); // First argument is positional

Resolving Ambiguities with Optional Parameters
and Named Arguments

Using optional parameters and named arguments can result in some possible ambiguities in your
code. You need to understand how the compiler resolves these ambiguities; otherwise, you might find
your applications behaving in unexpected ways. Suppose that you define the optMethod method as
an overloaded method, as shown in the following example:
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void optMethod(int first, double second = 0.0, string third = "Hello")
{

}

void optMethod(int first, double second = 1.0, string third = "Goodbye", int fourth = 100 )
{

}

This is perfectly legal C# code that follows the rules for overloaded methods. The compiler can
distinguish between the methods because they have different parameter lists. However, a problem
can arise if you attempt to call the optMethod method and omit some of the arguments correspond-
ing to one or more of the optional parameters:

optMethod(1, 2.5, "World");

Again, this is perfectly legal code, but which version of the optMethod method does it run? The
answer is that it runs the version that most closely matches the method call, so it invokes the method
that takes three parameters and not the version that takes four. That makes good sense, so consider
this one:

optMethod(1, fourth : 101);

In this code, the call to optMethod omits arguments for the second and third parameters, but it
specifies the fourth parameter by name. Only one version of optMethod matches this call, so this is not
a problem. The next one will get you thinking, though!

optMethod(1, 2.5);

This time, neither version of the optMethod method exactly matches the list of arguments pro-
vided. Both versions of the optMethod method have optional parameters for the second, third, and
fourth arguments. So does this statement call the version of optMethod that takes three parameters
and use the default value for the third parameter, or does it call the version of optMethod that takes
four parameters and use the default value for the third and fourth parameters? The answer is that it
does neither. This is an unresolvable ambiguity, and the compiler does not let you compile the appli-
cation. The same situation arises with the same result if you try and call the optMethod method as
shown in any of the following statements:

optMethod(1, third : "World™);
optMethod(1);
optMethod(second : 2.5, first : 1);

In the final exercise in this chapter, you will practice implementing methods that take optional
parameters and calling them using named arguments. You will also test common examples of how
the C# compiler resolves method calls that involve optional parameters and named arguments.
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Define and call a method that takes optional parameters

1.

Using Visual Studio 2012, open the DailyRate project in the \Microsoft Press\Visual CSharp
Step By Step\Chapter 3\Windows X\DailyRate Using Optional Parameters folder in your
Documents folder.

In Solution Explorer, double-click the file Program.cs in the DailyRate project to display the
code for the program in the Code and Text Editor window.

This version of the application is empty apart from the Main method and the skeleton version
of the run method.

In the Program class, add the calculateFee method below the run method. This is the same
version of the method that you implemented in the previous set of exercises, except that it
takes two optional parameters with default values. The method also prints a message indicat-
ing the version of the calculateFee method that was called. (You add overloaded implementa-
tions of this method in the following steps.)

private double calculateFee(double dailyRate = 500.0, int noOfDays = 1)
{

Console.WriteLine("calculateFee using two optional parameters');
return dailyRate * noOfDays;
}

Add another implementation of the calculateFee method to the Program class as shown next.
This version takes one optional parameter, called dailyRate, of type double. The body of the
method calculates and returns the fee for a single day only.

private double calculateFee(double dailyRate = 500.0)

{
Console.WriteLine('"'calculateFee using one optional parameter');
int defaultNoOfDays = 1;
return dailyRate * defaultNoOfDays;

}

Add a third implementation of the calculateFee method to the Program class. This version
takes no parameters and uses hardcoded values for the daily rate and number of days.

private double calculateFee()

{
Console.WriteLine("calculateFee using hardcoded values");
double defaultDailyRate = 400.0;
int defaultNoOfDays = 1;
return defaultDailyRate * defaultNoOfDays;
}

In the run method, add the following statements that call calculateFee and display the results,
as shown below in bold:
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public void run(Q)

{
double fee = calculateFee();
Console.WriteLine("Fee is {0}", fee);

}

On the DEBUG menu, click Start Without Debugging to build and run the program. The
program runs in a console window and displays the following messages:

calculateFee using hardcoded values
Fee is 400

The run method called the version of calculateFee that takes no parameters rather than either
of the implementations that take optional parameters because it is the version that most
closely matches the method call.

Press any key to close the console window and return to Visual Studio.

In the run method, modify the statement that calls calculateFee as shown in bold type in this
code sample:

pubTlic void run()

{
double fee = calculateFee(650.0);
Console.WriteLine("Fee is {0}", fee);

3

On the DEBUG menu, click Start Without Debugging to build and run the program. The
program displays the following messages:

calculateFee using one optional parameter
Fee is 650

This time, the run method called the version of calculateFee that takes one optional parameter.
As before, this is because this is the version that most closely matches the method call.

Press any key to close the console window and return to Visual Studio.
In the run method, modify the statement that calls calculateFee again:
public void run(Q)
! double fee = calculateFee(500.0, 3);

Console.WriteLine("Fee is {0}", fee);

}

On the DEBUG menu, click Start Without Debugging to build and run the program. The
program displays the following messages:

calculateFee using two optional parameters
Fee is 1500
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14

15

16

As you might expect from the previous two cases, the run method called the version of
calculateFee that takes two optional parameters.

Press any key to close the console window and return to Visual Studio.

In the run method, modify the statement that calls calculateFee and specify the dailyRate
parameter by name:

pubTlic void run()

{
double fee = calculateFee(dailyRate : 375.0);
Console.WriteLine("Fee is {0}", fee);

}

On the DEBUG menu, click Start Without Debugging to build and run the program. The pro-
gram displays the following messages:

calculateFee using one optional parameter
Fee is 375

As earlier, the run method called the version of calculateFee that takes one optional param-
eter. Changing the code to use a named argument does not change the way in which the
compiler resolves the method call in this example.

Press any key to close the console window and return to Visual Studio.

In the run method, modify the statement that calls calculateFee and specify the noOfDays
parameter by name:

pubTlic void run()

{
double fee = calculateFee(noOfDays : 4);
Console.WriteLine("Fee is {0}", fee);

}

On the DEBUG menu, click Start Without Debugging to build and run the program. The
program displays the following messages:

calculateFee using two optional parameters
Fee is 2000

This time, the run method called the version of calculateFee that takes two optional param-
eters. The method call has omitted the first parameter (dailyRate) and specified the second
parameter by name. This is the only version of the calculateFee method that matches the call.

Press any key to close the console window and return to Visual Studio.

Modify the implementation of the calculateFee method that takes two optional parameters.
Change the name of the first parameter to theDailyRate and update the return statement, as
shown in bold type in the following code:
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private double calculateFee(double theDailyRate = 500.0, int noOfDays = 1)
{
Console.WriteLine("calculateFee using two optional parameters");
return theDailyRate * noOfDays;
}

17. In the run method, modify the statement that calls calculateFee and specify the theDailyRate
parameter by name:

pubTlic void run()

{
double fee = calculateFee(theDailyRate : 375.0);
Console.WriteLine("Fee is {0}", fee);

}

18. On the DEBUG menu, click Start Without Debugging to build and run the program. The
program displays the following messages:

calculateFee using two optional parameters
Fee is 375

The previous time that you specified the fee but not the daily rate (step 13), the run method
called the version of calculateFee that takes one optional parameter. This time, the run method
called the version of calculateFee that takes two optional parameters. In this case, using a
named argument has changed the way in which the compiler resolves the method call. If you
specify a named argument, the compiler compares the argument name to the names of the
parameters specified in the method declarations and selects the method that has a parameter
with a matching name.

Press any key to close the console window and return to Visual Studio.

Summary

In this chapter, you learned how to define methods to implement a named block of code. You saw
how to pass parameters into methods and how to return data from methods. You also saw how to call
a method, pass arguments, and obtain a return value. You learned how to define overloaded meth-
ods with different parameter lists, and you saw how the scope of a variable determines where it can
be accessed. Then you used the Visual Studio 2012 debugger to step through code as it runs. Finally,
you learned how to write methods that take optional parameters and how to call methods by using
named parameters.

= [f you want to continue to the next chapter
Keep Visual Studio 2012 running, and turn to Chapter 4.
= [f you want to exit Visual Studio 2012 now

On the FILE menu, click Exit. If you see a Save dialog box, click Yes and save the project.
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Chapter 3 Quick Reference

To

Declare a method

Do this

Write the method inside a class. Specify the method name,
parameter list, and return type, followed by the body of the
method between braces. For example:

int addValues(int TeftHandSide, int rightHandSide)
{

)

Return a value from inside a method

Write a return statement inside the method. For example:
return leftHandSide + rightHandSide;

Return from a method before the end of the
method

Write a return statement inside the method. For example:
return;

Call a method

Write the name of the method together with any arguments
between parentheses. For example:

addValues(39, 3);

Use the Generate Method Stub Wizard

Right-click a call to the method, and then click Generate
Method Stub on the shortcut menu.

Display the Debug toolbar

On the VIEW menu, point to Toolbars, and then click Debug.

Step into a method

On the Debug toolbar, click Step Into.
or
On the DEBUG menu, click Step Into.

Step out of a method

On the Debug toolbar, click Step Out.
or
On the DEBUG menu, click Step Out.

Specify an optional parameter to a method

Provide a default value for the parameter in the method decla-

ration. For example:

void optMethod(int first, double second = 0.0,
string third = "Hello")
{

}

Pass a method argument as a named parameter

Specify the name of the parameter in the method call. For
example:

optMethod(first : 100, third : "World");
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Using Decision Statements

After completing this chapter, you will be able to

m  Declare Boolean variables.

m  Use Boolean operators to create expressions whose outcome is either true or false.
= Write if statements to make decisions based on the result of a Boolean expression.
m  Write switch statements to make more complex decisions.

In Chapter 3, “Writing Methods and Applying Scope,” you learned how to group related statements
into methods. You also learned how to use parameters to pass information to a method and how to
use return statements to pass information out of a method. Dividing a program into a set of discrete
methods, each designed to perform a specific task or calculation, is a necessary design strategy. Many
programs need to solve large and complex problems. Breaking up a program into methods helps you
understand these problems and focus on how to solve them one piece at a time.

The methods that you wrote in Chapter 3 were very straightforward, with each statement execut-
ing sequentially after the previous statement completed. However, to solve many real-world prob-
lems, you also need to be able to write code that selectively performs different actions and that takes
different paths through a method, depending on the circumstances. In this chapter, you'll learn how
to accomplish this task.

Declaring Boolean Variables

In the world of C# programming (unlike in the real world), everything is black or white, right or
wrong, true or false. For example, if you create an integer variable called x, assign the value 99 to x,
and then ask, "Does x contain the value 99?7, the answer is definitely true. If you ask, “Is x less than
10?", the answer is definitely false. These are examples of Boolean expressions. A Boolean expression
always evaluates to true or false.
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Note The answers to these questions are not necessarily definitive for all other program-
ming languages. An unassigned variable has an undefined value, and you cannot, for
example, say that it is definitely less than 10. Issues such as this one are a common source of
errors in C and C++ programs. The Microsoft Visual C# compiler solves this problem by en-
suring that you always assign a value to a variable before examining it. If you try to examine
the contents of an unassigned variable, your program will not compile.

Microsoft Visual C# provides a data type called bool. A bool variable can hold one of two values:
true or false. For example, the following three statements declare a bool variable called areYouReady,
assign true to that variable, and then write its value to the console:

bool areYouReady;
areYouReady = true;
Console.WriteLine(areYouReady); // writes True to the console

Using Boolean Operators
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A Boolean operator is an operator that performs a calculation whose result is either true or false. C#

has several very useful Boolean operators, the simplest of which is the NOT operator, represented by
the exclamation point, |. The ! operator negates a Boolean value, yielding the opposite of that value.
In the preceding example, if the value of the variable areYouReady is true, the value of the expression
lareYouReady is false.

Understanding Equality and Relational Operators

Two Boolean operators that you will frequently use are equality, ==, and inequality, /= . These are
binary operators that enable you to determine whether one value is the same as another value of
the same type, yielding a Boolean result. The following table summarizes how these operators work,
using an int variable called age as an example.

Operator Meaning Example Outcome if age is 42
== Equal to age == 100 false
1= Not equal to age !'=0 true

Don't confuse the equality operator == with the assignment operator =. The expression x==y
compares x with y and has the value true if the values are the same. The expression x=y assigns the
value of y to x and returns the value of y as its result.

Closely related to == and /= are the relational operators. You use these operators to find out
whether a value is less than or greater than another value of the same type. The following table shows
how to use these operators.
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Operator Meaning Example Outcome if age is 42
< Less than age < 21 false
<= Less than or equal to age <= 18 false
> Greater than age > 16 true
>= Greater than or equal to age >= 30 true

Understanding Conditional Logical Operators

C# also provides two other binary Boolean operators: the logical AND operator, which is represented
by the && symbol, and the logical OR operator, which is represented by the || symbol. Collectively,
these are known as the conditional logical operators. Their purpose is to combine two Boolean
expressions or values into a single Boolean result. These operators are similar to the equality and rela-
tional operators in that the value of the expressions in which they appear is either true or false, but
they differ in that the values on which they operate must be also be either true or false.

The outcome of the && operator is true if and only if both of the Boolean expressions it operates on
are true. For example, the following statement assigns the value true to validPercentage if and only if the
value of percent is greater than or equal to 0 and the value of percent is less than or equal to 100:

bool validPercentage;
validPercentage = (percent >= 0) & & (percent <= 100);

Tip A common beginner's error is to try to combine the two tests by naming the percent
variable only once, like this:

percent >= 0 & <= 100 // this statement will not compile

Using parentheses helps avoid this type of mistake and also clarifies the purpose of the
expression. For example, compare these two expressions:

validPercentage = percent >= 0 & percent <= 100
and
validPercentage = (percent >= 0) & (percent <= 100)

Both expressions return the same value because the precedence of the && operator is less
than that of >= and <=. However, the second expression conveys its purpose in a more
readable manner.

The outcome of the || operator is true if either of the Boolean expressions it operates on is true.
You use the || operator to determine whether any one of a combination of Boolean expressions is
true. For example, the following statement assigns the value true to invalidPercentage if the value of
percent is less than 0 or the value of percent is greater than 100:

bool invalidPercentage;
invalidPercentage = (percent < 0) || (percent > 100);
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Short-Circuiting

The && and || operators both exhibit a feature called short-circuiting. Sometimes it is not necessary to
evaluate both operands when ascertaining the result of a conditional logical expression. For example,
if the left operand of the && operator evaluates to false, the result of the entire expression must be
false regardless of the value of the right operand. Similarly, if the value of the left operand of the ||
operator evaluates to true, the result of the entire expression must be true, irrespective of the value of
the right operand. In these cases, the && and || operators bypass the evaluation of the right operand.
Here are some examples:

(percent >= 0) && (percent <= 100)

In this expression, if the value of percent is less than 0, the Boolean expression on the left side of
&& evaluates to false. This value means that the result of the entire expression must be false, and the
Boolean expression to the right of the && operator is not evaluated.

(percent < 0) || (percent > 100)

In this expression, if the value of percent is less than 0, the Boolean expression on the left side of
|| evaluates to true. This value means that the result of the entire expression must be true and the
Boolean expression to the right of the || operator is not evaluated.

If you carefully design expressions that use the conditional logical operators, you can boost the
performance of your code by avoiding unnecessary work. Place simple Boolean expressions that can
be evaluated easily on the left side of a conditional logical operator, and put more complex expres-
sions on the right side. In many cases, you will find that the program does not need to evaluate the
more complex expressions.

Summarizing Operator Precedence and Associativity

The following table summarizes the precedence and associativity of all the operators you have
learned about so far. Operators in the same category have the same precedence. The operators in
categories higher up in the table take precedence over operators in categories lower down.

Category Operators Description Associativity
Primary 0O Precedence override Left
++ Post-increment

-- Post-decrement

Unary ! Logical NOT Left
+ Addition
- Subtraction
++ Pre-increment

-- Pre-decrement

Multiplicative * Multiply Left
/ Divide
% Division remainder (modulus)
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Category Operators Description Associativity
Additive + Addition Left
- Subtraction
Relational < Less than Left
<= Less than or equal to
> Greater than
>= Greater than or equal to
Equality == Equal to Left
1= Not equal to
Conditional AND && Conditional AND Left
Conditional OR I Conditional OR Left
Assignment = Right

Notice that the && operator and the || operator have a different precedence: && is higher than ||.

Using if Statements to Make Decisions

In a method, when you want to choose between executing two different statements depending on
the result of a Boolean expression, you can use an if statement.

Understanding if Statement Syntax

The syntax of an if statement is as follows (if and else are C# keywords):

if ( booleanExpression )
statement-1;

else
statement-2;

If booleanExpression evaluates to true, statement-1 runs; otherwise, statement-2 runs. The
else keyword and the subsequent statement-2 are optional. If there is no else clause and the
booleanExpression is false, execution continues with whatever code follows the if statement. Also,
notice that the Boolean expression must be enclosed in parentheses; otherwise, the code will not
compile.

For example, here’s an if statement that increments a variable representing the second hand of
a stopwatch. (Minutes are ignored for now.) If the value of the seconds variable is 59, it is reset to 0;
otherwise, it is incremented using the ++ operator:

int seconds;
if (seconds == 59)
seconds = 0;

else
seconds++;
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Boolean Expressions Only, Please!

The expression in an if statement must be enclosed in parentheses. Additionally, the expression
must be a Boolean expression. In some other languages (notably C and C++), you can write an

integer expression, and the compiler will silently convert the integer value to true (nonzero) or

false (0). C# does not support this behavior, and the compiler reports an error if you write such
an expression.

If you accidentally specify the assignment operator, =, instead of the equality test operator,
==, in an if statement, the C# compiler recognizes your mistake and refuses to compile your
code. For example:

int seconds;
if (seconds = 59) // compile-time error

if (seconds == 59) // ok

Accidental assignments were another common source of bugs in C and C++ programs,
which would silently convert the value assigned (59) to a Boolean expression (with anything
nonzero considered to be true), with the result that the code following the if statement would
be performed every time.

Incidentally, you can use a Boolean variable as the expression for an if statement, although it
must still be enclosed in parentheses, as shown in this example:

bool inWord;
if (inWord == true) // ok, but not commonly used

if (inwWord) // more common and considered better style

Using Blocks to Group Statements

Notice that the syntax of the if statement shown earlier specifies a single statement after the if
(booleanExpression) and a single statement after the else keyword. Sometimes, you'll want to perform
more than one statement when a Boolean expression is true. You could group the statements inside
a new method and then call the new method, but a simpler solution is to group the statements inside
a block. A block is simply a sequence of statements grouped between an opening brace and a closing
brace.

In the following example, two statements that reset the seconds variable to 0 and increment the

minutes variable are grouped inside a block, and the whole block executes if the value of seconds is
equal to 59:
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int seconds =
int minutes

o o

if (seconds == 59)

{
seconds = 0;
minutes++;

}

else

{
seconds++;

}

Important If you omit the braces, the C# compiler associates only the first statement
(seconds = 0;) with the if statement. The subsequent statement (minutes++;) will not be
recognized by the compiler as part of the if statement when the program is compiled.
Furthermore, when the compiler reaches the else keyword, it will not associate it with the
previous if statement, and it will report a syntax error instead. Therefore, it is good practice
to always define the statements for each branch of an if statement within a block, even if

a block consists of only a single statement. It may save you some grief later if you want to
add additional code.

A block also starts a new scope. You can define variables inside a block, but they will disappear at
the end of the block. The following code fragment illustrates this point:

if (...)
{
int myVar = 0;
... // myVar can be used here
} // myVar disappears here
else

{

// myVar cannot be used here

}

// myVar cannot be used here

Cascading if Statements

You can nest if statements inside other if statements. In this way, you can chain together a sequence
of Boolean expressions, which are tested one after the other until one of them evaluates to true. In
the following example, if the value of day is 0, the first test evaluates to true and dayName is assigned
the string “Sunday”. If the value of day is not 0O, the first test fails and control passes to the else clause,
which runs the second if statement and compares the value of day with 1. The second if statement

is reached only if the first test is false. Similarly, the third if statement is reached only if the first and
second tests are false.
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if (day == 0)

{

dayName = "Sunday";
}
else if (day == 1)
{

dayName = "Monday";
}
else if (day == 2)
{

dayName = "Tuesday";
}
else if (day == 3)
{

dayName = "Wednesday";
}
else if (day == 4)
{

dayName = "Thursday";
}
else if (day == 5)
{

dayName = "Friday";
}
else if (day == 6)
{

dayName = "Saturday";
}
else
{

dayName = "unknown";
}

In the following exercise, you'll write a method that uses a cascading if statement to compare two
dates.

Write if statements

1. Start Microsoft Visual Studio 2012 if it is not already running.

2. Open the Selection project, located in the \Microsoft Press\Visual CSharp Step By Step\Chap-
ter 4\Windows X\Selection folder in your Documents folder.

3. Onthe DEBUG menu, click Start Debugging.

Visual Studio 2012 builds and runs the application. The form displays two TextBlock controls,
both containing the current date. These controls are called firstDate and secondDate. You can
adjust these dates by using the slider controls to within + or — 50 days of the current date.

4. Without changing the dates, click Compare.

The following text appears in the text box in the lower half of the window:
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firstDate
firstDate
firstDate
firstDate
firstDate
firstDate

<
<=

>=

secondDate :
secondDate :
secondDate :
secondDate :
secondDate :
secondDate :

False
True
False
False
True
True

The Boolean expression firstDate == secondDate should be true because both firstDate and

secondDate are set to the current date. In fact, only the less than operator and the greater
than or equal to operator seem to be working correctly. The following images show the

Windows 8 and Windows 7 versions of the application running.

First:

Second:

Compare

firstDate == secondDate : False

26 May 2012

26 May 2012

firstDate != secondDate : True
firstDate < secondDate : False

firstDate <= secondDate : False

firstDate > secondDate : True

firstDate >= secondDate : True

5| Dates

First:

Second:

firstDate == secondDate : False
firstDate != secondDate : True
firstDate < secondDate : False
firstDate <= secondDate : False
firstDate > secondDate: True
firstDate »>= secondDate : True

26 May 2012

26 May 2012

=] =]
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Return to Visual Studio 2012, and on the DEBUG menu click Stop Debugging (or simply close
the application if you are using Windows 7).

Display the code for the MainWindow.xaml.cs file in the Code and Text Editor window.
Locate the compareClick method. It looks like this:

private void compareClick(object sender, RoutedEventArgs e)

{
int diff = dateCompare(first, second);
info.Text = "";
show("firstDate == secondDate", diff == 0);
show("firstDate != secondDate", diff != 0);
show("firstDate < secondDate", diff < 0);
show("firstDate <= secondDate", diff <= 0);
show("firstDate > secondDate", diff > 0);
show("firstDate >= secondDate", diff >= 0);
}

This method runs whenever the user clicks the Compare button on the form. The variables first
and second hold DateTime values; they are populated with the dates displayed in the firstDate
and second controls on the form elsewhere in the application. The DateTime data type is just
another data type, like int or float, except that it contains subelements that enable you to
access the individual pieces of a date, such as the year, month, or day.

The compareClick method passes the two DateTime values to the dateCompare method. The
purpose of this method is to compare dates and return the int value 0 if they are the same,
-1 if the first date is less than the second, and +1 if the first date is greater than the second.
A date is considered greater than another date if it comes after it chronologically. You will
examine the dateCompare method in the next step.

The show method displays the results of the comparison in the info text box control in the
lower half of the form.

Locate the dateCompare method. It looks like this:

private int dateCompare(DateTime leftHandSide, DateTime rightHandSide)
{

// TO DO

return 42;

}

This method currently returns the same value whenever it is called—rather than 0, -1, or +1—
regardless of the values of its parameters. This explains why the application is not working as
expected! You need to implement the logic in this method to compare two dates correctly.

9. Remove the // TO DO comment and the return statement from the dateCompare method.

10. Add the following statements shown in bold type to the body of the dateCompare method:
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private int dateCompare(DateTime leftHandSide, DateTime rightHandSide)
{

int result;

if (leftHandSide.Year < rightHandSide.Year)

{
result = -1;
}
else if (leftHandSide.Year > rightHandSide.Year)
{
result = 1;
}

}

If the expression leftHandSide.Year < rightHandSide.Year is true, the date in leftHandSide must
be earlier than the date in rightHandSide, so the program sets the result variable to —1. Other-
wise, if the expression leftHandSide.Year > rightHandSide.Year is true, the date in leftHandSide
must be later than the date in rightHandSide, and the program sets the result variable to 1.

If the expression leftHandSide.Year < rightHandSide.Year is false, and the expression
leftHandSide.Year > rightHandSide.Year is also false, the Year property of both dates must be
the same, so the program needs to compare the months in each date.

Add the following statements shown in bold type to the body of the dateCompare method,
after the code you entered in the preceding step:

private int dateCompare(DateTime leftHandSide, DateTime rightHandSide)
{

else if (leftHandSide.Month < rightHandSide.Month)

{
result = -1;
}
else if (leftHandSide.Month > rightHandSide.Month)
{
result = 1;
}

}

These statements follow a similar logic for comparing months to that used to compare years
in the preceding step.

If the expression leftHandSide.Month < rightHandSide.Month is false, and the expression
leftHandSide.Month > rightHandSide.Month is also false, the Month property of both dates
must be the same, so the program finally needs to compare the days in each date.

Add the following statements to the body of the dateCompare method, after the code you
entered in the preceding two steps:
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14.

15

private int dateCompare(DateTime leftHandSide, DateTime rightHandSide)
{

else if (leftHandSide.Day < rightHandSide.Day)

{

result = -1;
}
else if (leftHandSide.Day > rightHandSide.Day)
{

result = 1;
}
else
{

result = 0;
H

return result;

}
You should recognize the pattern in this logic by now.

If leftHandSide.Day < rightHandSide.Day and leftHandSide.Day > rightHandSide.Day both
are false, the value in the Day properties in both variables must be the same. The Month
values and the Year values must also be identical, respectively, for the program logic to
have reached this far, so the two dates must be the same, and the program sets the value
of result to 0.

The final statement returns the value stored in the result variable.
On the DEBUG menu, click Start Debugging.

The application is rebuilt and restarted. Once again, the two TextBlock controls, firstDate and
secondDate, are set to the current date.

Click Compare.

The following text appears in the text box:
firstDate == secondDate : True

firstDate != secondDate : False

firstDate < secondDate: False

firstDate <= secondDate: True

firstDate > secondDate: False

firstDate >= secondDate: True

These are the correct results for identical dates.

Click the slider for the secondDate TextBlock control, and advance it forward a few days.

The control should display the new date.
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16. Click Compare.
The following text appears in the text box:

firstDate == secondDate: False
firstDate != secondDate: True
firstDate < secondDate: True
firstDate <= secondDate: True
firstDate > secondDate: False
firstDate >= secondDate: False

Again, these are the correct results when the first date is earlier than the second date.

17. Test some other dates, and verify that the results are as you would expect. Return to Visual
Studio 2012 and stop debugging (or close the application if you are using Windows 7) when
you have finished.

Comparing Dates in Real-World Applications

Now that you have seen how to use a rather long and complicated series of if and else state-
ments, | should mention that this is not the technique you would employ to compare dates in
a real-world application. If you look at the dateCompare method from the preceding exercise,
you will see that the two parameters, leftHandSide and rightHandSide, are DateTime values. The
logic you have written compares only the date part of these parameters, but they also contain
a time element that you have not considered (or displayed). For two DateTime values to be
considered equal, they should have not only the same date but also the same time. Compar-
ing dates and times is such a common operation that the DateTime type actually has a built-in
method called Compare for doing just that. The Compare method takes two DateTime argu-
ments and compares them, returning a value indicating whether the first argument is less than
the second, in which case the result will be negative; whether the first argument is greater than
the second, in which case the result will be positive; or whether both arguments represent the
same date and time, in which case the result will be 0.

Using switch Statements

Sometimes when you write a cascading if statement, all the if statements look similar because they all
evaluate an identical expression. The only difference is that each if compares the result of the expres-
sion with a different value. For example, consider the following block of code that uses an if statement
to examine the value in the day variable and work out which day of the week it is:
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if (day == 0)

{
dayName = "Sunday";
}
else if (day == 1)
{
dayName = "Monday";
}
else if (day == 2)
{
dayName = "Tuesday";
}
else if (day == 3)
{
}
else
{
dayName = "Unknown";
}

In these situations, often you can rewrite the cascading if statement as a switch statement to make
your program more efficient and more readable.

Understanding switch Statement Syntax

The syntax of a switch statement is as follows (switch, case, and default are keywords):

switch ( controllingExpression )
{
case constantExpression :
statements
break;
case constantExpression :
statements
break;

default :
statements
break;

The controllingExpression (which must be enclosed in parentheses) is evaluated once. Control then
jumps to the block of code identified by the constantExpression, whose value is equal to the result of
the controllingExpression. (The constantExpression identifier is also called a case label) Execution runs
as far as the break statement, at which point the switch statement finishes and the program continues
at the first statement after the closing brace of the switch statement. If none of the constantExpression
values is equal to the value of the controllingExpression, the statements below the optional default
label run.
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Note Each constantExpression value must be unique, so the controllingExpression will
match only one of them. If the value of the controllingExpression does not match any
constantExpression value and there is no default label, program execution continues with
the first statement after the closing brace of the switch statement.

So, you can rewrite the previous cascading if statement as the following switch statement:

switch (day)
{
case 0 :
dayName = "Sunday";
break;
case 1 :
dayName = "Monday";
break;
case 2 :
dayName = "Tuesday";
break;
default :
dayName = "Unknown";
break;

Following the switch Statement Rules

The switch statement is very useful, but unfortunately, you can't always use it when you might like to.

Any switch statement you write must adhere to the following rules:

= You can use switch only on certain data types, such as int, char, or string. With any other types

(including float and double), you have to use an if statement.

m  The case labels must be constant expressions, such as 42 if the switch data type is an int, ‘4" if
the switch data type is a char, or "42" if the switch data type is a string. If you need to calculate

your case label values at run time, you must use an if statement.

m  The case labels must be unique expressions. In other words, two case labels cannot have the

same value.

®  You can specify that you want to run the same statements for more than one value by provid-

ing a list of case labels and no intervening statements, in which case the code for the final

label in the list is executed for all cases in that list. However, if a label has one or more associ-
ated statements, execution cannot fall through to subsequent labels; in this case, the compiler

generates an error. The following code fragment illustrates these points:
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switch (trumps)
{
case Hearts :
case Diamonds : // Fall-through allowed - no code between labels
color = "Red"; // Code executed for Hearts and Diamonds
break;
case Clubs :
color = "Black";
case Spades : // Error - code between labels
color = "Black";
break;

Note The break statement is the most common way to stop fall-through, but you can also
use a return statement to exit from the method containing the switch statement, or a throw
statement to generate an exception and abort the switch statement. The throw statement is
described in Chapter 6, “Managing Errors and Exceptions.”

switch Fall-Through Rules

Because you cannot accidentally fall through from one case label to the next if there is any
intervening code, you can freely rearrange the sections of a switch statement without affecting
its meaning (including the default label, which by convention is usually—but does not have to
be—placed as the last label).

C and C++ programmers should note that the break statement is mandatory for every case
in a switch statement (even the default case). This requirement is a good thing—it is common
in C or C++ programs to forget the break statement, allowing execution to fall through to the
next label and leading to bugs that are difficult to spot.

If you really want to, you can mimic C/C++ fall-through in C# by using a goto statement to
go to the following case or default label. Using goto in general is not recommended, though,
and this book does not show you how to do it.

In the following exercise, you will complete a program that reads the characters of a string and
maps each character to its XML representation. For example, the left angle bracket character, <, has
a special meaning in XML. (It's used to form elements.) If you have data that contains this character,
it must be translated into the text &/t; so that an XML processor knows that it is data and not part of
an XML instruction. Similar rules apply to the right angle bracket (>), ampersand (&), single quota-
tion mark ('),and double quotation mark (") characters. You will write a switch statement that tests the
value of the character and traps the special XML characters as case labels.
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Write switch statements

6.

Start Visual Studio 2012 if it is not already running.

Open the SwitchStatement project, located in the \Microsoft Press\Visual CSharp Step By Step\
Chapter 4\Windows X\SwitchStatement folder in your Documents folder.

On the DEBUG menu, click Start Debugging.

Visual Studio 2012 builds and runs the application. The application displays a form containing
two text boxes separated by a Copy button.

Type the following sample text into the upper text box:
inRange = (lo <= number) && (hi >= number);
Click Copy.

The statement is copied verbatim into the lower text box, and no translation of the <, &, or
> characters occurs, as shown in the following image showing the Windows 8 version of the
application.

inRange = (lo <= number) && (hi >= number);

Copy

inRange = (lo <= number) && (hi >= number);

Return to Visual Studio 2012 and stop debugging.

Display the code for MainWindow.xaml.cs in the Code and Text Editor window, and locate the
copyOne method.

The copyOne method copies the character specified as its input parameter to the end of the
text displayed in the lower text box. At the moment, copyOne contains a switch statement
with a single default action. In the following few steps, you will modify this switch statement
to convert characters that are significant in XML to their XML mapping. For example, the <
character will be converted to the string &It;.
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8. Add the following statements shown in bold to the switch statement after the opening brace

for the statement and directly before the default label:

switch (current)
{
case '<' :
target.Text += "&1t;";
break;
default:
target.Text += current;
break;

3

If the current character being copied is a <, this code appends the string “>" to the text being
output in its place.

9. Add the following statements to the switch statement after the break statement you have just

added and above the default label:
case '>' :
target.Text += "&gt;";
break;
case '&' :
target.Text += "&amp;";
break;
case "\"' :
target.Text += "&#34;";
break;
case "\'' :
target.Text += "&#39;";
break;

Note The single quotation mark (') and double quotation mark (") have a special
meaning in C# as well as in XML—they are used to delimit character and string
constants. The backslash (\) in the final two case labels is an escape character that
causes the C# compiler to treat these characters as literals rather than as delimiters.

10. On the DEBUG menu, click Start Debugging.

11. Type the following text into the upper text box:

inRange = (lo <= number) && (hi >= number);

12. Click Copy.

The statement is copied into the lower text box. This time, each character undergoes the XML
mapping implemented in the switch statement. The target text box displays the following text:

inRange = (lo &lt;= number) &amp;&amp; (hi &gt;= number);
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13. Experiment with other strings, and verify that all special characters (<, >, & ", and ") are
handled correctly.

14. Return to Visual Studio and stop debugging (or simply close the application if you are using
Windows 7).

Summary

In this chapter, you learned about Boolean expressions and variables. You saw how to use Boolean
expressions with the if and switch statements to make decisions in your programs, and you combined
Boolean expressions by using the Boolean operators.

= [f you want to continue to the next chapter
Keep Visual Studio 2012 running, and turn to Chapter 5.
= [f you want to exit Visual Studio 2012 now

On the FILE menu, click Exit. If you see a Save dialog box, click Yes and save the project.
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To Do this Example
Determine whether two values are equiva- Use the == operator or the I= answer == 42
lent operator.

Compare the value of two expressions Use the <, <=, >, or >= operator. age >= 21

Declare a Boolean variable

Use the bool keyword as the type
of the variable.

bool inRange;

Create a Boolean expression that is true
only if two conditions are both true

Use the && operator.

inRange = (To <= number)
&& (number <= hi);

Create a Boolean expression that is true if
either of two conditions is true

Use the || operator.

outOfRange = (number < 10)
|| Chi < number);

Run a statement if a condition is true

Use an if statement.

if (inRange)
process();

Run more than one statement if a condition

Use an if statement and a block.

if (seconds == 59)

is true {
seconds = 0;
minutes++;
}
Associate different statements with different | Use a switch statement. switch (current)
values of a controlling expression {
case 0:
break;
case 1:
break;
default :
break;
}
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Using Compound Assighment
and lteration Statements

After completing this chapter, you will be able to

m  Update the value of a variable by using compound assignment operators.
m  Write while, for, and do iteration statements.

m  Step through a do statement and watch as the values of variables change.

In Chapter 4, "Using Decision Statements,” you learned how to use the if and switch constructs to run
statements selectively. In this chapter, you'll see how to use a variety of iteration (or looping) state-
ments to run one or more statements repeatedly.

When you write iteration statements, you usually need to control the number of iterations that you
perform. You can achieve this by using a variable, updating its value as each iteration is performed,
and stopping the process when the variable reaches a particular value. To help simplify this process,
you'll start by learning about the special assignment operators that you should use to update the
value of a variable in these circumstances.

Using Compound Assignment Operators

You've already seen how to use arithmetic operators to create new values. For example, the following
statement uses the plus operator (+) to display to the console a value that is 42 greater than the vari-
able answer:

Console.WriteLine(answer + 42);

You've also seen how to use assignment statements to change the value of a variable. The follow-
ing statement uses the assignment operator (=) to change the value of answer to 42:

answer = 42;
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If you want to add 42 to the value of a variable, you can combine the assignment operator and the
plus operator. For example, the following statement adds 42 to answer. After this statement runs, the
value of answer is 42 more than it was before:

answer = answer + 42;

Although this statement works, you'll probably never see an experienced programmer write code
like this. Adding a value to a variable is so common that C# lets you perform this task in a shorthand
manner by using the operator +=. To add 42 to answer, you can write the following statement:

answer += 42;

You can use this notation to combine any arithmetic operator with the assignment operator, as the
following table shows. These operators are collectively known as the compound assignment operators.

Don’t write this Write this

variable = variable * number; variable *= number;
variable = variable / number; variable /= number;
variable = variable % number; variable %= number;
variable = variable + number; variable += number;
variable = variable - number; variable -= number;

Tip The compound assignment operators share the same precedence and right associativ-
ity as the corresponding simple assignment operators.

The += operator also works on strings; it appends one string to the end of another. For example,
the following code displays “Hello John” on the console:

string name = "John";
string greeting = "Hello ";
greeting += name;
Console.WriteLine(greeting);

You cannot use any of the other compound assignment operators on strings.

Tip Use the increment (++) and decrement (--) operators instead of a compound assign-
ment operator when incrementing or decrementing a variable by 1. For example, replace

count += 1;
with

count++;
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Writing while Statements

You use a while statement to run a statement repeatedly while some condition is true. The syntax of a
while statement is as follows:

while ( booleanExpression )
statement

The Boolean expression (which must be enclosed in parentheses) is evaluated, and if it is true,
the statement runs and then the Boolean expression is evaluated again. If the expression is still
true, the statement is repeated and then the Boolean expression is evaluated yet again. This process
continues until the Boolean expression evaluates to false, when the while statement exits. Execution
then continues with the first statement after the while statement. A while statement shares many
syntactic similarities with an if statement (in fact, the syntax is identical except for the keyword):

m  The expression must be a Boolean expression.
m  The Boolean expression must be written inside parentheses.
= If the Boolean expression evaluates to false when first evaluated, the statement does not run.

m  If you want to perform two or more statements under the control of a while statement, you
must use braces to group those statements in a block.

Here's a while statement that writes the values 0 through 9 to the console. Note that as soon as the
variable i reaches the value 10, the while statement finishes and the code in the statement block does
not run:

int i = 0;

while (i < 10)

{
Console.WriteLine(i);
i+

All while statements should terminate at some point. A common beginner's mistake is forgetting
to include a statement to cause the Boolean expression eventually to evaluate to false and terminate
the loop, which results in a program that runs forever. In the example, the statement i++; performs
this role.

Note The variable i in the while loop controls the number of iterations that the loop per-
forms. This is a common idiom, and the variable that performs this role is sometimes called
the sentinel variable. You can also create nested loops (one loop inside another), and in
these cases it is common to extend this naming pattern to use the letters j, k, and even / as
the names of the sentinel variables used to control the iterations in these loops.
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Tip As with if statements, it is recommended that you always use a block with a while state-
ment, even if the block contains only a single statement. This is for much the same reason
as the if statement: if you decide to add more statements to the body of the while construct
later, it is clear that you should add them to the block. If you don’t do this, only the first
statement that immediately follows the Boolean expression in the while construct will be
executed as part of the loop, resulting in difficult-to-spot bugs such as this:
int i = 0;
while (i < 10)

Console.WriteLine(i);

T++;
This code iterates forever, displaying an infinite number of zeros, because only the Console.
WriteLine statement—and not the i++; statement—is executed as part of the while
construct.

In the following exercise, you will write a while loop to iterate through the contents of a text file

one line at a time and write each line to a text box in a form.

Write a while statement

1. Using Microsoft Visual Studio 2012, open the WhileStatement project, located in the \Micro-
soft Press\Visual CSharp Step By Step\Chapter 5\Windows X\WhileStatement folder in your
Documents folder.

2. On the DEBUG menu, click Start Debugging.

Visual Studio 2012 builds and runs the application. The application is a simple text file viewer
that you can use to select a text file and display its contents.

3. Click Open File.

If you are using Windows 8, the Open file picker appears, as shown in the following image.
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Whichever operating system you are using, you can use this feature to move to a folder and

select a file to display.

Move to the \Microsoft Press\Visual CSharp Step By Step\Chapter 5\Windows X\

WhileStatement\WhileStatement folder in your Documents folder.
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7.

Select the file MainWindow.xaml.cs, and then click Open.

The name of the file, MainWindow.xaml.cs, appears in the text box at the top of the form,
but the contents of the file MainWindow.xaml.cs do not appear in the large text box. This is
because you have not yet implemented the code that reads the contents of the file and dis-
plays it. You will add this functionality in the following steps.

Return to Visual Studio 2012 and stop debugging (or close the application if you are using
Windows 7).

Display the code for the file MainWindow.xaml.cs in the Code and Text Editor window, and
locate the openfFileClick method.

This method runs when the user clicks the Open button to select a file in the Open dialog
box. The way in which this method is implemented is different between Windows 7 and
Windows 8. It is not necessary for you to understand the exact details of how this method
works at this point—simply accept the fact that this method prompts the user for a file (using
an FileOpenPicker or OpenFileDialog window) and opens the selected file for reading. (In the
Windows 7 version, this method simply displays the OpenFileDialog window, and when the
user selects a file, the openFileDialogFileOk method runs, so it is actually this method that
opens the file for reading.)

The final two statements in the openfFileClick method (Windows 8) or openfFileDialogFileOk
method (Windows 7) are important, however. In Windows 8, they look like this:

TextReader reader = new StreamReader(inputStream.AsStreamForRead());
displayData(reader);

The first statement declares a TextReader variable called reader. TextReader is a class provided
by the .NET Framework that you can use for reading streams of characters from sources such
as files. It is located in the System./O namespace. This statement makes the data in the file
specified by the user in the FileOpenPicker available to the TextReader object, which can then
be used to read the data from the file. The final statement calls a method named displayData,
passing reader as a parameter to this method. The displayData method reads the data using
the reader object and displays it to the screen (or it will do so once you have written the code
to accomplish this).

In Windows 7, the corresponding statements look like this:

TextReader reader = src.OpenText();
displayData(reader);

The src variable is a FileInfo object populated with information about the file the user
selected using the OpenFileDialog window. The FileInfo class is another class found in the
.NET Framework, and it provides the OpenText method for opening a file for reading. The
first statement opens the file selected by the user so that the reader variable can retrieve
the contents of this file. As in the Windows 8 version of the code, the second statement
calls the displayData method, passing reader as the parameter.

Introducing Microsoft Visual C# and Microsoft Visual Studio 2012



8.

10

11

12.

Examine the displayData method. It looks like this in both Windows 7 and Windows 8:

private void displayData(TextReader reader)

{
// TODO: add while Toop here

}

You can see that, other than the comment, this method is currently empty. This is where you
need to add the code to fetch and display the data.

Replace the // TODO: add while loop here comment with the following statement:

source.Text =

wn,
’

The source variable refers to the large text box on the form. Setting its Text property to the
empty string (““) clears any text that is currently displayed in this text box.

Add the following statement after the previous line you added to the displayData method:
string 1ine = reader.ReadLine();

This statement declares a string variable called /ine and calls the reader.ReadLine method to
read the first line from the file into this variable. This method returns either the next line of
text from the file or a special value called null if there are no more lines to read.

Add the following statements to the displayData method, after the code you have just
entered:

while (1ine != null)

{
source.Text += 1ine + "\n';
Tine = reader.ReadLine();

}

This is a while loop that iterates through the file one line at a time until there are no more lines
available.

The Boolean expression at the start of the while loop examines the value in the line variable.
If it is not null, the body of the loop displays the current line of text by appending it to the
Text property of the source text box, together with a newline character ('\n'—the ReadLine
method of the TextReader object strips out the newline characters as it reads each line, so the
code needs to add it back in again). The while loop then reads in the next line of text before
performing the next iteration. The while loop finishes when there is no more text in the file
and the ReadLine method returns a null value.

If you are using Windows 8, add the following statement after the closing brace at the end of
the while loop:

reader.Dispose();
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If you are using Windows 7, add the following statement:
reader.Close(Q);

These statements release the resources associated with the file and close it. This is good prac-
tice, as it enables other applications to use the file and also frees up any memory and other
resources used to access the file.

Note You will learn more about managing resources in Chapter 14, "Using Garbage
Collection and Resource Management.”

13. On the DEBUG menu, click Start Debugging.
14. When the form appears, click Open File.

15. In the Open file picker or Open dialog box, move to the \Microsoft Press\Visual CSharp Step
By Step\Chapter 5\Windows X\WhileStatement\WhileStatement folder in your Documents
folder. Select the file MainWindow.xaml.cs, and then click Open.

Note Don't try and open a file that does not contain text. If you attempt to open
an executable program or a graphics file, for example, the application will simply
display a text representation of the binary information in this file. If the file is large, it
may hang the application, requiring you to forcibly terminate it.

This time, the contents of the selected file appear in the text box—you should recognize the
code that you have been editing. The following image shows the Windows 8 version of the
application running; the Windows 7 application functions in the same manner:

Open File eStatement - Complete\WhileStatement\MainWindow.xaml.cs
< >
private void displayData(TextReader reader) ~

{

source.Text = "";

string line = reader.ReadLine();

while (line != null)

{
source.Text += line + "\n";
line = reader.ReadLine();

}

reader.Dispose();
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16. Scroll through the text in the text box, and find the displayData method. Verify that this
method contains the code you just added.

17. Return to Visual Studio 2012 and stop debugging (or close the application if you are using
Windows 7).

Writing for Statements

In C#, most while statements have the following general structure:

initialization
while (Boolean expression)
{

statement

update control variable

}

The for statement in C# provides a more formal version of this kind of construct by combining the
initialization, Boolean expression, and code that updates the control variable. You'll find the for state-
ment useful because it is much harder to accidentally leave out the code that initializes or updates
the control variable, so you are less likely to write code that loops forever. Here is the syntax of a for
statement:

for (initialization; Boolean expression; update control variable)
statement

The statement that forms the body of the for construct can be a single line of code or a code block
enclosed in braces.

You can rephrase the while loop shown earlier that displays the integers from 0 through 9 as the
following for loop:

for (int i = 0; i < 10; i++)
{

Console.WriteLine(i);

}

The initialization occurs just once, at the very start of the loop. Then, if the Boolean expression
evaluates to true, the statement runs. The control variable update occurs, and then the Boolean
expression is reevaluated. If the condition is still true, the statement is executed again, the control
variable is updated, the Boolean expression is evaluated again, and so on.

Notice that the initialization occurs only once, that the statement in the body of the loop always
executes before the update occurs, and that the update occurs before the Boolean expression
reevaluates.
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Tip As with the while construct, it is considered good practice to always use a code block
even if the body of the for construct comprises just a single statement. If you add additional
statements to the body of the for construct later, this approach will help to ensure that your
code is always executed as part of each iteration.

You can omit any of the three parts of a for statement. If you omit the Boolean expression, it
defaults to true, so the following for statement runs forever:

for (int i = 0; ;i++)

{

Console.WriteLine("somebody stop me!");
}

If you omit the initialization and update parts, you have a strangely spelled while loop:

int i = 0;
for (; i < 10; )
{

Console.WriteLine(i);

=
}

Note The initialization, Boolean expression, and update control variable parts of a for
statement must always be separated by semicolons, even when they are omitted.

You can also provide multiple initializations and multiple updates in a for loop. (You can have only
one Boolean expression, though.) To achieve this, separate the various initializations and updates with
commas, as shown in the following example:

for (int i =0, j = 10; i <= j; i++, j--)
{

}
As a final example, here is the while loop from the preceding exercise recast as a for loop:
for (string 1line = reader.ReadLine(); Tline != null; line = reader.ReadLine())

{

source.Text += line + '\n';

}
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Understanding for Statement Scope

You might have noticed that you can declare a variable in the initialization part of a for statement.
That variable is scoped to the body of the for statement and disappears when the for statement
finishes. This rule has two important consequences. First, you cannot use that variable after the for
statement has ended because it's no longer in scope. Here's an example:

for (Gint i = 0; i < 10; i++)
{

}

Console.WriteLine(i); // compile-time error

Second, you can write two or more for statements that reuse the same variable name because each
variable is in a different scope, as shown in the following code:

for (int i = 0; i < 10; i++)
{

}

for (int i = 0; i < 20; i += 2) // okay
{

}

Writing do Statements

The while and for statements both test their Boolean expression at the start of the loop. This means
that if the expression evaluates to false on the first test, the body of the loop does not run, not even
once. The do statement is different: its Boolean expression is evaluated after each iteration, so the
body always executes at least once.

The syntax of the do statement is as follows (don't forget the final semicolon):

do
statement
while (booleanExpression);

You must use a statement block if the body of the loop comprises more than one statement (the
compiler will report a syntax error if you don't). Here's a version of the example that writes the values
0 through 9 to the console, this time constructed using a do statement:

int i = 0;

do

{
Console.WriteLine(i);
i++;

}

while (i < 10);
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The break and continue Statements

In Chapter 4, you saw the break statement being used to jump out of a switch statement. You
can also use a break statement to jump out of the body of an iteration statement. When you
break out of a loop, the loop exits immediately and execution continues at the first statement
after the loop. Neither the update nor the continuation condition of the loop is rerun.

In contrast, the continue statement causes the program to perform the next iteration of the loop
immediately (after reevaluating the Boolean expression). Here's another version of the example that
writes the values 0 through 9 to the console, this time using break and continue statements:

int i = 0;
while (true)
{
Console.WriteLine("continue " + 1i);
t++;
if (i < 10)
continue;
else
break;

This code is absolutely ghastly. Many programming guidelines recommend using continue
cautiously or not at all because it is often associated with hard-to-understand code. The be-
havior of continue is also quite subtle. For example, if you execute a continue statement from
inside a for statement, the update part runs before performing the next iteration of the loop.

In the following exercise, you will write a do statement to convert a positive decimal whole number
to its string representation in octal notation. The program is based on the following algorithm, based
on a well-known mathematical procedure:

store the decimal number in the variable dec
do the following
divide dec by 8 and store the remainder
set dec to the quotient from the previous step
while dec is not equal to zero
combine the values stored for the remainder for each calculation in reverse order

For example, suppose you want to convert the decimal number 999 to octal. You perform the fol-
lowing steps:

1. Divide 999 by 8. The quotient is 124 and the remainder is 7.
2. Divide 124 by 8. The quotient is 15 and the remainder is 4.
3. Divide 15 by 8. The quotient is 1 and the remainder is 7.

4. Divide 1 by 8. The quotient is 0 and the remainder is 1.

5. Combine the values calculated for the remainder at each step in reverse order. The result is
1747. This is the octal representation of the decimal value 999.
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Write a do statement

1.

Using Visual Studio 2012, open the DoStatement project, located in the \Microsoft Press\
Visual CSharp Step By Step\Chapter 5\Windows X\DoStatement folder in your Documents
folder.

Display the MainWindow.xaml form in the Design View window.

The form contains a text box called number that the user can enter a decimal number into.
When the user clicks the Show Steps button, the octal representation of the number entered
is generated. The text box to the right, called steps, shows the results of each stage of the
calculation.

Display the code for MainWindow.xaml.cs in the Code and Text Editor window. Locate the
showStepsClick method. This method runs when the user clicks the Show Steps button on the
form. Currently it is empty.

Add the following statements shown in bold to the showStepsClick method:

private void showStepsClick(object sender, RoutedEventArgs e)

{
int amount = int.Parse(number.Text);
steps.Text = "";
string current = "";

}

The first statement converts the string value in the Text property of the number text box into
an int by using the Parse method of the int type and stores it in a local variable called amount.

The second statement clears the text displayed in the lower text box by setting its Text prop-
erty to the empty string.

The third statement declares a string variable called current and initializes it to the empty
string. You will use this string to store the digits generated at each iteration of the loop used
to convert the decimal number to its octal representation.

Add the following do statement, shown in bold, to the showStepsClick method:

private void showStepsClick(object sender, RoutedEventArgs e)
{
int amount = int.Parse(number.Text);
steps.Text = "";
string current =

wo,

do
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int nextDigit = amount % 8;
amount /= 8;
int digitCode = '0' + nextDigit;
char digit = Convert.ToChar(digitCode);
current = digit + current;
steps.Text += current + "\n";
}
while (amount !'= 0);

}

The algorithm used repeatedly performs integer arithmetic to divide the amount variable by
8 and determine the remainder. The remainder after each successive division constitutes the
next digit in the string being built. Eventually, when amount is reduced to 0, the loop finishes.
Notice that the body must run at least once. This behavior is exactly what is required because
even the number 0 has one octal digit.

Look more closely at the code, and you will see that the first statement inside the do loop
is this:

int nextDigit = amount % 8;

This statement declares an int variable called nextDigit and initializes it to the remainder after
dividing the value in amount by 8. This will be a number somewhere between 0 and 7.

The next statement inside the do loop is
amount /= 8;

This is a compound assignment statement and is equivalent to writing amount = amount / 8,.
If the value of amount is 999, the value of amount after this statement runs is 124.

The next statement is this:
int digitCode = '0' + nextDigit;

This statement requires a little explanation. Characters have a unique code according to

the character set used by the operating system. In the character sets frequently used by the
Microsoft Windows operating system, the code for character ‘0" has integer value 48. The
code for character ‘1" is 49, the code for character ‘2" is 50, and so on up to the code for char-
acter '9', which has integer value 57. C# allows you to treat a character as an integer and per-
form arithmetic on it, but when you do so, C# uses the character’s code as the value. So the
expression ‘0" + nextDigit actually results in a value somewhere between 48 and 55 (remem-
ber that nextDigit will be between 0 and 7), corresponding to the code for the equivalent
octal digit.

The fourth statement inside the do loop is

char digit = Convert.ToChar(digitCode);
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This statement declares a char variable called digit and initializes it to the result of the Convert.
ToChar(digitCode) method call. The Convert.ToChar method takes an integer holding a charac-
ter code and returns the corresponding character. So, for example, if digitCode has the value
54, Convert.ToChar(digitCode) returns the character '6'.

To summarize, the first four statements in the do loop have determined the character rep-
resenting the least-significant (rightmost) octal digit corresponding to the number the user
typed in. The next task is to prepend this digit to the string being output, like this:

current = digit + current;
The next statement inside the do loop is this:
steps.Text += current + "\n";

This statement adds to the steps text box the string containing the digits produced so far for
the octal representation of the number. It also appends a newline character so that each stage
of the conversion appears on a separate line in the text box.

Finally, the condition in the while clause at the end of the loop is evaluated:
while (amount != 0)

Because the value of amount is not yet 0, the loop performs another iteration.

In the final exercise, you will use the Visual Studio 2012 debugger to step through the previous do
statement to help you understand how it works.

Step through the do statement

1.

In the Code and Text Editor window displaying the MainWindow.xaml.cs file, move the cursor
to the first statement of the showStepsClick method:

int amount = int.Parse(number.Text);
Right-click anywhere in the first statement, and then click Run to Cursor.

When the form appears, type 999 in the number text box on the left, and then click Show
Steps.

The program stops, and you are placed in Visual Studio 2012 debug mode. A yellow arrow in
the left margin of the Code and Text Editor window and yellow highlighting indicates the cur-
rent statement.

Display the Debug toolbar if it is not visible. (On the VIEW menu, point to Toolbars, and then
click Debug.)
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On the Debug toolbar, click the drop-down arrow, point to Add or Remove Buttons, and then
select Windows, as shown in the following image:

) sece ol oE oxnln -
Add or Remove Buttons - £I P Continue F5
~ Wg showStepsClick(object sender, e | Il Break All Ctrl+Alt+Break
ed; B Stop Debugging Shift+F5
©  Restart Ctrl+ Shift+F5
) Refresh Windows app Ctrl+Shift+R
n a Frame. = Show Next Statement Alt+Num *
s page was reached. The Parameter G- Step Into Fi1
</param>» & Step Over F10
Args €) ©  StepOut Shift+F11
P Search
Hex
thres €) s = \in Source
Reset Toolbar

T

This action adds the Breakpoints Window button to the toolbar.

On the Debug toolbar, click the Breakpoints Window button, and then click Locals.
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= Toggle Disassembly Ctrl+D, D

The Locals window appears (if it wasn't already open). This window displays the name, value,
and type of the local variables in the current method, including the amount local variable.
Notice that the value of amount is currently 0:
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MainWindow.xaml.cs ® X MainWindow.xaml 8
#3 DoStatement.MainWindow
Window.Current.SizeChanged += App.WindowSizeChanged;

}

B /// <summary>

Invoked when this page is about to be displayed in a Frame.

</summary>

/// <param name="e">Event data that describes how this page was reached. The P
| /// property is typically used to configure the page.</param>

E protected override void OnNavigatedTo(NavigationEventArgs e)

{
}
E private void showstepsClick(object sender, RoutedEventArgs e)
i {
e int amount = int.Parse(number.Text);
steps.Text = ]
string current = *";
do
{
int nextDigit = amount % 8;
amount /= 8;
int digitCode = '@" + nextDigit;
| char digit = Convert.ToChar(digitCode);
100% ~ <
Name Value
* [Dostatement MainWindow)
# @ sender {Windows.Ul.Xaml.Controls.Button}

e ==qdows.Ul.Xaml.RoutedEventArgs}
'(O amount 0 i]

On the Debug toolbar, click the Step Into button.

The debugger runs the statement
int amount = int.Parse(number.Text);

The value of amount in the Locals window changes to 999, and the yellow arrow moves to the
next statement.

Click Step Into again.
The debugger runs the statement

steps.Text =

This statement does not affect the Locals window because steps is a control on the form and
not a local variable. The yellow arrow moves to the next statement.

Click Step Into.
The debugger runs the statement

string current =

The yellow arrow moves to the opening brace at the start of the do loop. The do loop contains
three local variables of its own: nextDigit, digitCode, and digit. Notice that these local variables
appear in the Locals window, and the value of all three variables is initially set to 0.
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10. Click Step Into.

11

12

13

14

15

The yellow arrow moves to the first statement inside the do loop.
Click Step Into.

The debugger runs the statement

int nextDigit = amount % 8;

The value of nextDigit in the Locals window changes to 7. This is the remainder after dividing
999 by 8.

Click Step Into.

The debugger runs the statement

amount /= 8;

The value of amount changes to 124 in the Locals window.
Click Step Into.

The debugger runs the statement

int digitCode = '0' + nextDigit;

The value of digitCode in the Locals window changes to 55. This is the character code of the
character '7' (48 + 7).

Click Step Into.
The debugger runs the statement
char digit = Convert.ToChar(digitCode);

The value of digit changes to ‘7" in the Locals window. The Locals window shows char values
using both the underlying numeric value (in this case, 55) and also the character representa-
tion (‘7).

Note that in the Locals window, the value of the current variable is still "
Click Step Into.

The debugger runs the statement

current = current + digit;

The value of current changes to “7" in the Locals window.
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16.

17.

18.

19.

20.

21.

22.

Click Step Into.
The debugger runs the statement
steps.Text += current + "\n";

This statement displays the text 7" in the steps text box, followed by a newline character to
cause subsequent output to be displayed on the next line in the text box. (The form is cur-
rently hidden behind Visual Studio, so you won't be able to see it.) The cursor moves to the
closing brace at the end of the do loop.

Click Step Into.

The yellow arrow moves to the while statement to evaluate whether the do loop has com-
pleted or whether it should continue for another iteration.

Click Step Into.
The debugger runs the statement
while (amount != 0);

The value of amount is 124, the expression 124 != 0 evaluates to true, and so the do loop
performs another iteration. The yellow arrow jumps back to the opening brace at the start of
the do loop.

Click Step Into.
The yellow arrow moves to the first statement inside the do loop again.

Repeatedly click Step Into to step through the next three iterations of the do loop, and watch
how the values of the variables change in the Locals window.

At the end of the fourth iteration of the loop, the value of amount is 0 and the value of current
is "1747". The yellow arrow is on the while condition at the end of the do loop:

while (amount != 0);

As the value of amount is now 0, the expression amount != 0 evaluates to false, and the do
loop should terminate.

Click Step Into.
The debugger runs the statement
while (amount != 0);

As predicted, the do loop finishes, and the yellow arrow moves to the closing brace at the end
of the showStepsClick method.
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23. On the DEBUG menu, click Continue.

The form appears, displaying the four steps used to create the octal representation of 999: 7,
47, 747, and 1747.

47
747
1747

Enter a number
999

Show Steps

24. Return to Visual Studio 2012, and on the DEBUG menu click Stop Debugging (or close the
application if you are using Windows 7).

Summary

In this chapter, you learned how to use the compound assignment operators to update numeric
variables. You saw how to use while, for, and do statements to execute code repeatedly while some
Boolean condition is true.

= [f you want to continue to the next chapter
Keep Visual Studio 2012 running, and turn to Chapter 6.
= [f you want to exit Visual Studio 2012 now

On the FILE menu, click Exit. If you see a Save dialog box, click Yes and save the project.
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Chapter 5 Quick Reference

To

Add an amount to a variable

Do this
Use the compound addition operator. For example:

variable += amount;

Subtract an amount from a variable

Use the compound subtraction operator. For example:

variable -= amount;

Run one or more statements zero or more times while a
condition is true

Use a while statement. For example:
int i = 0;
while (i < 10)
{
Console.WriteLine(i);
++;

}

Alternatively, use a for statement. For example:

for (int i = 0; i < 10; i++)

Repeatedly execute statements one or more times

{
Console.WriteLine(i);
}
Use a do statement. For example:
int i = 0;
do
{

Console.WriteLine(i);
++;

while (i < 10);

Using Compound Assignment and Iteration Statements
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Managing Errors and Exceptions

After completing this chapter, you will be able to

m  Handle exceptions by using the try, catch, and finally statements.

= Control integer overflow by using the checked and unchecked keywords.

m  Raise exceptions from your own methods by using the throw keyword.

m  Ensure that code always runs, even after an exception has occurred, by using a finally block.

You have now seen the core C# statements you need to know to perform common tasks such as writ-
ing methods; declaring variables; using operators to create values; writing if and switch statements to
run code selectively; and writing while, for, and do statements to run code repeatedly. However, the
previous chapters haven't considered the possibility (or probability) that things can go wrong.

It is very difficult to ensure that a piece of code always works as expected. Failures can occur for a
large number of reasons, many of which are beyond your control as a programmer. Any applications
that you write must be capable of detecting failures and handling them in a graceful manner, either
by taking the appropriate corrective actions or, if this is not possible, by reporting the reasons for the
failure in the clearest possible way to the user. In this final chapter of Part I, you'll learn how C# uses
exceptions to signal that an error has occurred and how to use the try, catch, and finally statements to
catch and handle the errors that these exceptions represent.

By the end of this chapter, you'll have a solid foundation in all the fundamental elements of C#, on
which you will build in Part II.

Coping with Errors

It's a fact of life that bad things sometimes happen. Tires get punctured, batteries run down, screw-
drivers are never where you left them, and users of your applications behave in an unpredictable
manner. In the world of computers, disks become corrupt, other applications running on the same
computer as your program run amok and use up all the available memory, wireless network con-
nections disappear at the most awkward moment, and even natural phenomena such as a nearby
lightning strike may have an impact if it causes a power outage or network failure. Errors can occur at
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almost any stage when a program runs, and many of them may not actually be the fault of your own
application, so how do you detect them and attempt to recover?

Over the years, a number of mechanisms have evolved. A typical approach adopted by older
systems such as UNIX involved arranging for the operating system to set a special global variable
whenever a method failed. Then, after each call to a method, you checked the global variable to see
whether the method succeeded. C# and most other modern object-oriented languages don't handle
errors in this way. It's just too painful. They use exceptions instead. If you want to write robust C# pro-
grams, you need to know about exceptions.

Trying Code and Catching Exceptions
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Errors can happen at any time, and using traditional techniques to manually add error-detecting
code around every statement is cumbersome, time consuming, and error prone in its own right.
You can also lose sight of the main flow of an application if each statement requires contorted
error-handling logic to manage each possible error that can occur at every stage. Fortunately, C#
makes it easy to separate the error-handling code from the code that implements the primary logic
of a program by using exceptions and exception handlers. To write exception-aware programs, you
need to do two things:

= Write your code inside a try block (try is a C# keyword). When the code runs, it attempts to
execute all the statements inside the try block, and if none of the statements generates an
exception, they all run, one after the other, to completion. However, if an error condition
occurs, execution jumps out of the try block and into another piece of code designed to catch
and handle the exception—a catch handler.

m  Write one or more catch handlers (catch is another C# keyword) immediately after the try
block to handle any possible error conditions. A catch handler is intended to catch and handle
a specific type of exception, and you can have multiple catch handlers after a try block, each
one designed to trap and process a specific exception; you can provide different handlers for
the different errors that could arise in the try block. If any one of the statements inside the try
block causes an error, the runtime throws an exception. The runtime then examines the catch
handlers after the try block and transfers control directly to the first matching handler.

Here's an example of code in a try block that attempts to convert strings that a user has typed in
some text boxes on a form to integer values, call a method to calculate a value, and write the result to
another text box. Converting a string to an integer requires that the string contain a valid set of digits
and not some arbitrary sequence of characters. If the string contains invalid characters, the int.Parse
method throws a FormatException, and execution transfers to the corresponding catch handler. When
the catch handler finishes, the program continues with the first statement after the handler. Note that
if there is no handler that corresponds to the exception, the exception is said to be unhandled (this
situation will be described shortly).
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try

{
int TeftHandSide = int.Parse(lhsOperand.Text);
int rightHandSide = int.Parse(rhsOperand.Text);
int answer = doCalculation(leftHandSide, rightHandSide);
result.Text = answer.ToString();
}
catch (FormatException fEx)
{
// Handle the exception
}

A catch handler employs syntax similar to that used by a method parameter to specify the excep-
tion to be caught. In the preceding example, when a FormatException is thrown, the fEx variable is
populated with an object containing the details of the exception.

The FormatException type has a number of properties that you can examine to determine the
exact cause of the exception. Many of these properties are common to all exceptions. For example,
the Message property contains a text description of the error that caused the exception. You can use
this information when handling the exception, perhaps recording the details to a log file or displaying
a meaningful message to the user and then asking the user to try again.

Unhandled Exceptions

What happens if a try block throws an exception and there is no corresponding catch handler? In the
previous example, it is possible that the /hsOperand text box contains the string representation of a
valid integer but the integer it represents is outside the range of valid integers supported by C# (for
example, "2147483648"). In this case, the int.Parse statement throws an OverflowException, which will
not be caught by the FormatException catch handler. If this occurs, if the try block is part of a method,
the method immediately exits and execution returns to the calling method. If the calling method uses
a try block, the runtime attempts to locate a matching catch handler for this try block and execute

it. If the calling method does not use a try block or there is no matching catch handler, the call-

ing method immediately exits and execution returns to its caller, where the process is repeated. If a
matching catch handler is eventually found, the handler runs and execution continues with the first
statement after the catch handler in the catching method.

Important Notice that after catching an exception, execution continues in the method
containing the catch block that caught the exception. If the exception occurred in a method
other than the one containing the catch handler, control does not return to the method
that caused the exception.

If, after cascading back through the list of calling methods, the runtime is unable to find a match-
ing catch handler, the program terminates with an unhandled exception.
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You can easily examine exceptions generated by your application. If you are running the appli-
cation in Microsoft Visual Studio 2012 in debug mode (that is, you selected Start Debugging on
the DEBUG menu to run the application) and an exception occurs, a dialog box similar to the one
shown in the following image appears and the application pauses, helping you to determine the

cause of the exception:

private void addvalues()

int ihs = int.Parse(lhsperand. iext

int rhs - int.Parse(rhsOperand. Text);",

int outcome = @

cutcome = lhs + rhs;

expression.Text = lhsOperand.Text + " -

result. lext = outcome.lostring();

¥

private void subtractValues()
int lhs = int.Parse(lhsOperand.Text);
int rhs = int.Parse(rhsuperand. lext);

int outcome - 8;

outcome = lhs - rhs:

expression.Text = lhsOperand.Text + " - ° -

result.Text = outcome.ToString();

¥

private void multiplyValues()

{
int lhs = int.Parse(lhsOperand.Text);
int rhs = int.Parse(rhsOperand.Text);
int outcome = u;

! FarmatFxreption wac unhandled hy ncer rnde x
Inpul sLring weas nul in e curect furmal,

Troubleshooting tips:

e conyerting 5 S 1o Dats e, Farse the strind (o take the date before pUnG each varisble mto the Date [ime obect.: A

Make sure your methad arguments are in the right format.,

Get general help far this exception. .
Search for more lelp Online...

Exception settings:

Break when this exception type is user-unhandled

Actions:

Yiew Detail...

Enable editing

Copy exception detail to the clipboard

Open exception settings

The application stops at the statement that caused the exception and you drop into the debugger.
You can examine the values of variables, you can change the values of variables, and you can step
through your code from the point at which the exception occurred by using the Debug toolbar and

the various debug windows.

Using Multiple catch Handlers

The previous discussion highlighted how different errors throw different kinds of exceptions to repre-
sent different kinds of failures. To cope with these situations, you can supply multiple catch handlers,

one after the other, like this:

int leftHandSide = int.Parse(ThsOperand.Text);
int rightHandSide = int.Parse(rhsOperand.Text);
int answer = doCalculation(leftHandSide, rightHandSide);

try
{

result.Text = answer.ToString(Q);
}
catch (FormatException fEx)
{

// ...
}
catch (OverflowException oEx)
{

/]
}
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If the code in the try block throws a FormatException exception, the statements in the catch block
for the FormatException exception run. If the code throws an OverflowException exception, the catch
block for the OverflowException exception runs.

Note If the code in the FormatException catch block generates an OverflowException
exception, it does not cause the adjacent OverflowException catch block to run. Instead,
the exception propagates to the method that invoked this code, as described earlier in
this section.

Catching Multiple Exceptions

The exception-catching mechanism provided by C# and the Microsoft .NET Framework is quite com-
prehensive. The .NET Framework defines many types of exceptions, and any programs you write can
throw most of them. It is highly unlikely that you will want to write catch handlers for every possible
exception that your code can throw—remember that your application must be able to handle excep-
tions that you may not have even thought of when you wrote it! So how do you ensure that your
programs catch and handle all possible exceptions?

The answer to this question lies in the way the different exceptions are related to one another.
Exceptions are organized into families called inheritance hierarchies. (You will learn about inheritance
in Chapter 12, “Working with Inheritance.”) FormatException and OverflowException both belong to a
family called SystemException, as do a number of other exceptions. SystemException is itself a member
of a wider family simply called Exception, and this is the great-granddaddy of all exceptions. If you
catch Exception, the handler traps every possible exception that can occur.

Note The Exception family includes a wide variety of exceptions, many of which are
intended for use by various parts of the .NET Framework. Some of these exceptions are
somewhat esoteric, but it is still useful to understand how to catch them.

The next example shows how to catch all possible exceptions:

try
{
int TeftHandSide = int.Parse(lhsOperand.Text);
int rightHandSide = int.Parse(rhsOperand.Text);
int answer = doCalculation(leftHandSide, rightHandSide);
result.Text = answer.ToString(Q);

}
catch (Exception ex) // this is a general catch handler
{
/]
}

Managing Errors and Exceptions 141



Q Tip If you want to catch Exception, you can actually omit its name from the catch handler
because it is the default exception:

catch
{

/] ...
}

However, this is not recommended. The exception object passed in to the catch handler can
contain useful information concerning the exception, which is not easily accessible when
using this version of the catch construct.

There is one final question you should be asking at this point: What happens if the same exception
matches multiple catch handlers at the end of a try block? If you catch FormatException and Exception
in two different handlers, which one will run? (Or will both execute?)

When an exception occurs, the first handler found by the runtime that matches the exception
is used, and the others are ignored. This means that if you place a handler for Exception before a
handler for FormatException, the FormatException handler will never run. Therefore, you should place
more specific catch handlers above a general catch handler after a try block. If none of the specific
catch handlers matches the exception, the general catch handler will.

In the following exercises, you will see what happens when an application throws an unhandled
exception, and then you will write a try block and catch and handle an exception.

Observe how Windows reports unhandled exceptions

1. Start Visual Studio 2012 if it is not already running.

2. Open the MathsOperators solution located in the \Microsoft Press\Visual CSharp Step By Step\
Chapter 6\Windows X\MathsOperators folder in your Documents folder.

This is a version of the program that you first saw in Chapter 2, “Working with Variables,
Operators, and Expressions.” It was used to demonstrate the different arithmetic operators.

3. Onthe DEBUG menu, click Start Without Debugging.

Note For this exercise, please make sure that you actually run the application with-
out debugging, even if you are using Windows 8.

The form appears. You are now going to enter some text in the Left Operand text box that will
cause an exception. This operation will demonstrate the lack of robustness in the current version of
the program.
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Type John in the Left Operand text box, type 2 in the Right Operand text box, click the +
Addition button, and then click Calculate.

This input triggers Windows error handling. If you are using Windows 8, the application simply

terminates and you are returned to the Start screen.

If you are using Windows 7, you should see the following message box:

B pathsOperators @
MathsOperators has stopped working

Windows is checking for a solution to the problem...

Cancel

After a short while, this is followed by another dialog box that reports an unhandled
exception:

B MathsOperators @
MathsOperators has stopped working
A problem caused the program to stop working correctly.

Windows will close the program and notify you if a selution is
available,

[ Debug ][ Close program I

If you click Debug, you can launch a new instance of Visual Studio over your program in
debug mode, but for the time being, click Close Program.

You might see one of the following versions of this dialog box depending on how you have
configured problem reporting in Control Panel:

B MathsOperators @
@ MathsOperators has stopped working

A problem caused the program te stop working
correctly, Please close the program.

= Close the program

=+ Debug the program

Managing Errors and Exceptions
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L MathsOperators @
@ MathsOperators has stopped working

Windows can check online for a solution to the problem.
% Check online for a solution and close the program
2 Close the program

< Debug the program

'::\.’::' View problem details

If either of these dialog boxes appear, click Close the Program.

Additionally, you might be presented with a dialog box displaying the message “Do you want
to send information about the problem?” Windows can gather information about failing appli-
cations and send this information to Microsoft. If this dialog box appears, click Cancel.

Now that you have seen how Windows traps and reports unhandled exceptions, the next step is
to make the application more robust by handling invalid input and preventing unhandled exceptions
from occurring.

Write a try/catch statement block
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Return to Visual Studio 2012, and on the DEBUG menu click Start Debugging.

When the form appears, type John in the Left Operand text box, type 2 in the Right Operand
text box, click the + Addition button, and then click Calculate.

This input should cause the same exception that occurred in the previous exercise, except that
now you are running using debug mode, so Visual Studio will trap the exception and report it.

Note If a message box appears informing you that break mode failed because the file
App.g.i.cs does not belong to the project being debugged, simply click OK. When the
message box disappears, the exception will be displayed.

Visual Studio displays your code and highlights the statement that caused the exception
together with a dialog box that describes the exception. In this case, it is “Input string was not
in a correct format.”
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private void addvalues()

{

int lhs = int.Parse(lhsOperand.Text);]
int rhs = int.Parse(rhsOperand.Text);

! FormatException was unhandled by user code
Input string was not in a correct format,

Troubleshooting tips:

When corwerting a string to DateTirne, parse the stting to take the date before putting each variable into the DateTirme object. A

Make sure your method arguments are in the right format,

Get general help for this exception,
Search for more Help Online..,

Exception settings:

Break when this exception type is user-unhandled
Actions:

Wiewe Detail...

Enable editing

Copy exception detail to the clipboard

Open exception settings

You can see that the exception was thrown by the call to int.Parse inside the addValues method.
The problem is that this method is unable to parse the text “John” into a valid number.

In the exception dialog box, click View Detail.

Another dialog box appears that enables you to view more information about the exception. If
you expand System.FormatException, you can see this information:

View Detail

Exception snapshot:

yl n.Form tion 1"lnput string was notin a correct format."}
[Systerm.FormatException] {"Input string was notin a correct format,"}
I Data {System.Collections ListDictionaryinternal}
Helplink null
HResult -2146233033
InnerException null
Message Input string was notin a correct format,
Source mscotlib
StackTrace at Bystern.Mumber. StringToMumberiString str, Nun
I TargetSite {Woid StringToMurnber(System, String, System.Global

[~ |

Managing Errors and Exceptions

145



146

7.

Tip Some exceptions are the result of other exceptions raised earlier. The exception
reported by Visual Studio is just the final exception in this chain, but it is usually the
earlier exceptions that highlight the real cause of the problem. You can drill into
these earlier exceptions by expanding the InnerException property in the View Detail
dialog box. Inner exceptions may have further inner exceptions, and you can keep
digging down until you find an exception with the InnerException property set to
null (as shown in the previous image). At this point, you have reached the initial ex-
ception, and this exception is typically the one that you need to correct.

Click OK in the View Detail dialog box, and then in the DEBUG menu in Visual Studio, click
Stop Debugging.

Display the code for the file MainWindow.xaml.cs in the Code and Text Editor window, and
locate the addValues method.

Add a try block (including braces) around the statements inside this method, together with a
catch handler for the FormatException exception, as shown in bold type here:

try

{
int Ths = int.Parse(lhsOperand.Text);
int rhs = int.Parse(rhsOperand.Text);
int outcome = 0;

outcome = lhs + rhs;
expression.Text = ThsOperand.Text + “ + “ + rhsOperand.Text
result.Text = outcome.ToString(Q);

}
catch (FormatException fEx)
{
result.Text = fEx.Message;
}

If a FormatException exception occurs, the catch handler displays the text held in the excep-
tion's Message property in the result text box at the bottom of the form.

On the DEBUG menu, click Start Debugging.

When the form appears, type John in the Left Operand text box, type 2 in the Right Operand
text box, click the + Addition button, and then click Calculate.

The catch handler successfully catches the FormatException, and the message "Input string
was not in a correct format” is written to the Result text box. The application is now a bit
more robust.
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10.

11.

12.

13.

Left Operand Right Operand

John ® + Addition 2

- Subtraction
* Multiplication
/ Division

% Remainder

Calculate
Expression:

Result: Input string was not in a correct format.

Replace John with the number 10, type Sharp in the Right Operand text box, and then click
Calculate.

The try block surrounds the statements that parse both text boxes, so the same exception
handler handles user input errors in both text boxes.

Replace Sharp with 20 in the Right Operand text box, click the + Addition button, and then
click Calculate.

The application now works as expected and displays the value 30 in the Result text box.
In the Left Operand button, replace 10 with John, and then click the — Subtraction button.

Visual Studio drops into the debugger and reports a FormatException exception again. This
time, the error has occurred in the subtractValues method, which does not include the neces-
sary try/catch processing.

On the DEBUG menu, click Stop Debugging.

Propagating Exceptions

Adding a try/catch block to the addValues method has made that method more robust, but you
need to apply the same exception handling to the other methods: subtractValues, multiplyValues,
divideValues, and remainderValues. The code for each of these exception handlers will likely be
very similar, resulting in you writing the same code in each method. Each of these methods is
called by the calculateClick method when the user clicks the Calculate button. Therefore, to avoid
duplication of the exception handling code, it makes sense to relocate it to the calculateClick
method. If a FormatException occurs in any of the subtractValues, multiplyValues, divideValues, and
remainderValues methods, it will be propagated back to the calculateClick method for handling as
described in the section “Unhandled Exceptions” earlier in this chapter.
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Propagate an exception back to the calling method

1. Display the code for the file MainWindow.xaml.cs in the Code and Text Editor window, and
locate the addValues method.

2. Remove the try block and catch handler from the addValues method and return it to its origi-
nal state, as shown in the following code:

private void addvalues()

{
int TeftHandSide = int.Parse(lhsOperand.Text);
int rightHandSide = int.Parse(rhsOperand.Text);
int outcome = 0;
outcome = Ths + rhs;
expression.Text = ThsOperand.Text + " + " + rhsOperand.Text
result.Text = outcome.ToString(Q);
}

3. Find the calculateClick method. Add the try block and catch handler shown below in bold to
this method:

private void calculateClick(object sender, RoutedEventArgs e)

{
try
{
if ((bool)addition.IsChecked)
{
addValues();
}
else if ((bool)subtraction.IsChecked)
{
subtractValues();
}
else if ((bool)multiplication.IsChecked)
{
multiplyValues();
}
else if ((bool)division.IsChecked)
{
divideValues(Q);
}
else if ((bool)remainder.IsChecked)
{
remainderValues();
}
}
catch (FormatException fEx)
{
result.Text = fEx.Message;
H
}
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4. On the DEBUG menu, click Start Debugging.

5. When the form appears, type John in the Left Operand text box, type 2 in the Right Operand
text box, click the + Addition button, and then click Calculate.

As before, the catch handler successfully catches the FormatException, and the message “Input
string was not in a correct format” is written to the Result text box. However, bear in mind that
the exception was actually thrown in the addValue method, but it was caught by the handler
in the calculateClick method.

6. Click the =Subtraction button, and then click Calculate.

This time, the subtractValues method causes the exception, but it is propagated back to the
calculateClick method and handled in the same manner as before.

7. Test the * Multiplication, / Division, and % Remainder buttons, and verify that the
FormatException exception is caught and handled correctly.

8. Return to Visual Studio and stop debugging.

Note The decision of whether to catch unhandled exceptions explicitly in a method
depends on the nature of the application you are building. In some cases, it makes
sense to catch exceptions as close as possible to the point at which they occur. In
other situations, it is more useful to let an exception propagate back to the method
that invoked the routine that threw the exception and handle the error there.

Using Checked and Unchecked Integer Arithmetic

In Chapter 2, you learned how to use binary arithmetic operators such as + and * on primitive data
types such as int and double. You also saw that the primitive data types have a fixed size. For example,
a C# int is 32 bits. Because int has a fixed size, you know exactly the range of value that it can hold: it
is —2147483648 to 2147483647.

@ Tip If you want to refer to the minimum or maximum value of int in code, you can use the
int.MinValue or int. MaxValue property.

The fixed size of the int type creates a problem. For example, what happens if you add 1 to an
int whose value is currently 2147483647? The answer is that it depends on how the application is
compiled. By default, the C# compiler generates code that allows the calculation to overflow silently
and you get the wrong answer. (In fact, the calculation wraps around to the largest negative integer
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value, and the result generated is —2147483648.) The reason for this behavior is performance: integer
arithmetic is a common operation in almost every program, and adding the overhead of overflow
checking to each integer expression could lead to very poor performance. In many cases, the risk is
acceptable because you know (or hope!) that your int values won’t reach their limits. If you don't like
this approach, you can turn on overflow checking.

Tip You can activate and disable overflow checking in Visual Studio 2012 by setting the
project properties. In Solution Explorer, click YourProject (where YourProject is the name of
your project). On the Project menu, click YourProject Properties. In the project properties
dialog box, click the Build tab. Click the Advanced button in the lower-right corner of the
page. In the Advanced Build Settings dialog box, select or clear the Check for Arithmetic
Overflow/Underflow check box.

Regardless of how you compile an application, you can use the checked and unchecked keywords
to turn on and off integer arithmetic overflow checking selectively in parts of an application that you
think need it. These keywords override the compiler option specified for the project.

Writing Checked Statements

A checked statement is a block preceded by the checked keyword. All integer arithmetic in a checked
statement always throws an OverflowException if an integer calculation in the block overflows, as
shown in this example:

int number = int.MaxValue;

checked

{
int willThrow = number++;
Console.WriteLine("this won't be reached");

Important Only integer arithmetic directly inside the checked block is subject to overflow
checking. For example, if one of the checked statements is a method call, checking does
not apply to code that runs in the method that is called.

You can also use the unchecked keyword to create an unchecked block statement. All integer arith-
metic in an unchecked block is not checked and never throws an OverflowException. For example:

int number = int.MaxValue;

unchecked

{
int wontThrow = number++;
Console.WriteLine("this will be reached");
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Writing Checked Expressions

You can also use the checked and unchecked keywords to control overflow checking on integer
expressions by preceding just the individual parenthesized expression with the checked or unchecked
keyword, as shown in this example:

int wontThrow = unchecked(int.MaxValue + 1);
int willThrow = checked(int.MaxValue + 1);

The compound operators (such as += and -=) and the increment, ++, and decrement, --, opera-
tors are arithmetic operators and can be controlled by using the checked and unchecked keywords.
Remember, x +=y; is the same as x = x + y,.

Important You cannot use the checked and unchecked keywords to control floating-

point (noninteger) arithmetic. The checked and unchecked keywords apply only to integer
arithmetic using data types such as int and long. Floating-point arithmetic never throws
OverflowException—not even when you divide by 0.0. (Remember from Chapter 2 that the
.NET Framework has a special floating-point representation for infinity.)

In the following exercise, you will see how to perform checked arithmetic when using
Visual Studio 2012.

Use checked expressions

1. Return to Visual Studio 2012.
2. On the DEBUG menu, click Start Debugging.
You will now attempt to multiply two large values.

3. Type 9876543 in the Left Operand text box, type 9876543 in the Right Operand text box,
click the * Multiplication button, and then click Calculate.

The value 1195595903 appears in the Result text box on the form. This is a negative value,
which cannot possibly be correct. This value is the result of a multiplication operation that
silently overflowed the 32-bit limit of the int type.

4. Return to Visual Studio and stop debugging.

5. Inthe Code and Text Editor window displaying MainWindow.xaml.cs, locate the multiplyValues
method. It looks like this:

private void multiplyValues()

{
int Ths = int.Parse(ThsOperand.Text);
int rhs = int.Parse(rhsOperand.Text);
int outcome = 0;
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outcome = Ths rhs;
expression.Text = ThsOperand.Text +
result.Text = outcome.ToString(Q);;

"o

+ rhsOperand.Text;
}

The statement outcome = Ihs * rhs; contains the multiplication operation that is silently
overflowing.

6. Edit this statement so that the calculation value is checked, like this:
outcome = checked(lhs * rhs);

The multiplication is now checked and will throw an OverflowException rather than silently
returning the wrong answer.

7. On the DEBUG menu, click Start Debugging.
You will now attempt to multiply two large values.

8. Type 9876543 in the Left Operand text box, type 9876543 in the Right Operand text box,
click the * Multiplication button, and then click Calculate.

Visual Studio drops into the debugger and reports that the multiplication resulted in an
OverflowException exception. You now need to add a handler to catch this exception and
handle it more gracefully than just failing with an error.

9. On the DEBUG menu, click Stop Debugging.

10. In the Code and Text Editor window displaying the MainWindow.xaml.cs file, locate the
calculateClick method.

11

Add the following catch handler immediately after the existing FormatException catch handler
in this method, as shown below in bold:

private void calculateClick(object sender, RoutedEventArgs e)

{
try
{

}
catch (FormatException fEx)

{

result.Text = fEx.Message;

}

catch (OverflowException oEx)

{

result.Text = oEx.Message;
}
}

The logic of this catch handler is the same as that for the FormatException catch handler.
However, it is still worth keeping these handlers separate rather than simply writing a generic
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Exception catch handler because you might decide to handle these exceptions differently in
the future.

12. On the DEBUG menu, click Start Debugging to build and run the application.

13. Type 9876543 in the Left Operand text box, type 9876543 in the Right Operand text box,
click the * Multiplication button, and then click Calculate.

The second catch handler successfully catches the OverflowException and displays the message
"Arithmetic operation resulted in an overflow” in the Result text box.

14. Return to Visual Studio and stop debugging.

Exception Handling and the Visual Studio Debugger

By default, the Visual Studio Debugger only stops an application that is being debugged and reports
exceptions that are unhandled. Sometimes it is useful to be able to debug exception handlers them-
selves, and in this case, you need to be able to trace exceptions when they are thrown by the ap-
plication prior to them being caught. You can easily enable this functionality. On the DEBUG menu,
click Exceptions. In the Exceptions dialog box, select the Thrown column for Common Language
Runtime Exceptions and then click OK:

Exceptions _

Break when an exception is!

MName Thrown User-unhandled

#-C++ Exceptions O

J}--Cnmmonl R Excep

+ GPU Memory Access Exceptions O

- JavaScript Runtime Exceptions |

+ Managed Debugging Assistants O .

+ Mative Run-Time Checks | Fin Het

- ¥fin32 Exceptions |

Reset All

Add...

Delete

Now when exceptions such OverflowException occur, Visual Studio will drop into the debug-
ger, and you can use the Step Into button on the Debug toolbar to step into the catch handler.
If you don't want to catch all common language runtime exceptions in this way, you can be
more selective. If you expand the Common Language Runtime Exceptions node, you can see
the different categories of exceptions that can occur (they are organized by namespace). If you
expand any namespace, you can see the individual exceptions that are available, and you can
select each of them individually.
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Throwing Exceptions

154

Suppose you are implementing a method called monthName that accepts a single int argument

and returns the name of the corresponding month. For example, monthName(1) returns “January”,
monthName(2) returns “February”, and so on. The question is, What should the method return if the
integer argument is less than 1 or greater than 12? The best answer is that the method shouldn't
return anything at all—it should throw an exception. The .NET Framework class libraries contain lots
of exception classes specifically designed for situations such as this. Most of the time, you will find
that one of these classes describes your exceptional condition. (If not, you can easily create your own
exception class, but you need to know a bit more about the C# language before you can do that.)

In this case, the existing .NET Framework ArgumentOutOfRangeException class is just right. You can
throw an exception by using the throw statement, as shown in the following example:

public static string monthName(int month)

{
switch (month)

{
case 1 :
return "January";
case 2 :
return "February";

case 12 :
return "December";

default :
throw new ArgumentOutOfRangeException("Bad month™);

The throw statement needs an exception object to throw. This object contains the details of
the exception, including any error messages. This example uses an expression that creates a new
ArgumentOutOfRangeException object. The object is initialized with a string that populates its
Message property by using a constructor. Constructors are covered in detail in Chapter 7, "Creating
and Managing Classes and Objects.”

In the following exercises, you will modify the MathsOperators project to throw an exception if the
user attempts to perform a calculation without specifying an operator.

Note This exercise is a little contrived, as good application design would provide a default
operator, but the application is intended to illustrate this point.
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Throw an exception

Return to Visual Studio 2012.

On the DEBUG menu, click Start Debugging.

Type 24 in the Left Operand text box, type 36 in the Right Operand text box, and then click
Calculate.

Nothing appears in the Expression and Result text boxes. The fact that you have not selected
an operator option is not immediately obvious. It would be useful to write a diagnostic mes-
sage in the Result text box.

Return to Visual Studio and stop debugging.

In the Code and Text Editor window displaying MainWindow.xaml.cs, locate and examine the
calculateClick method. It looks like this:

private

{
try
{

}

int calculateClick(object sender, RoutedEventArgs e)

if ((bool)addition.IsChecked)

{
addValues();
}
else if ((bool)subtraction.IsChecked)
{
subtractValues();
}
else if ((bool)multiplication.IsChecked)
{
multiplyValues(Q);
}
else if ((bool)division.IsChecked)
{
divideValues();
}
else if ((bool)remainder.IsChecked)
{
remainderValues();
}

catch (FormatException fEx)

{

}

result.Text = fEx.Message;

catch (OverflowException oEx)

{

}

result.Text = oEx.Message;
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The addition, subtraction, multiplication, division, and remainder fields are the buttons that
appear on the form. Each button has a property called IsChecked that indicates whether the
user has selected it. The IsChecked property is a nullable Boolean that has the value true if
the button is selected or false otherwise (you learn more about nullable values in Chapter 8,
“Understanding Values and References”). The cascading if statement examines each button in
turn to find which one is selected. (The radio buttons are mutually exclusive, so the user can
select only one radio button at most.) If none of the buttons is selected, none of the if state-
ments will be true and none of the calculation methods is called.

You could try to solve the problem by adding one more else statement to the if-else cascade
to write a message to the result text box on the form, but a better solution is to separate the
detection and signaling of an error from the catching and handling of that error.

6. Add another else statement to the end of the list of if-else statements and throw an
InvalidOperationException as follows, in bold:

if ((bool)addition.IsChecked)

{
addvValues();
}
else if ((bool)remainder.IsChecked)
{
remainderValues();
}
else
{
throw new InvalidOperationException(''No operator selected");
}

7. On the DEBUG menu, click Start Debugging to build and run the application.

8. Type 24 in the Left Operand text box, type 36 in the Right Operand text box, and then click
Calculate.

Visual Studio detects that your application has thrown an InvalidOperation exception, and an
exception dialog box appears. Your application has thrown an exception, but the code does
not catch it yet.

9. On the DEBUG menu, click Stop Debugging.

Now that you have written a throw statement and verified that it throws an exception, you will
write a catch handler to handle this exception.
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Catch the exception

1. Inthe Code and Text Editor window displaying MainWindow.xaml.cs, add the following catch
handler shown in bold immediately below the existing two catch handlers in the calculateClick
method:

catch (FormatException fEx)

{

result.Text = fEx.Message;
}
catch (OverflowException oEx)
{

result.Text = oEx.Message;
}
catch (InvalidOperationException ioEx)
{

result.Text = ioEx.Message;
}

This code catches the InvalidOperationException that is thrown when no operator button is
selected.

2. On the DEBUG menuy, click Start Debugging.

3. Type 24 in the Left Operand text box, type 36 in the Right Operand text box, and then click
Calculate.

The message "No operator selected” appears in the Result text box.

Note If you drop into the Visual Studio Debugger, you have probably enabled
Visual Studio to catch exceptions as they are thrown, as described earlier. If this hap-
pens, on the DEBUG menu, click Continue. Remember to disable Visual Studio from
catching common language runtime exceptions as they are thrown when you have
finished this exercise!

4. Return to Visual Studio and stop debugging.

The application is now a lot more robust. However, several exceptions could still arise that are
not caught and that will cause the application to fail. For example, if you attempt to divide by 0, an
unhandled DivideByZeroException will be thrown. (Integer division by 0 does throw an exception,
unlike floating-point division by 0.) One way to solve this problem is to write an ever larger number
of catch handlers inside the calculateClick method. Another solution is to add a general catch handler
that catches Exception at the end of the list of catch handlers. This will trap all unexpected exceptions
that you may have forgotten about or that may be caused as a result of truly unusual circumstances.
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Note Using a catchall handler to trap the Exception exception is not an excuse to omit
catching specific exceptions. The more definite you can be in your exception handling, the
easier it will be to maintain your code and spot the causes of any underlying or commonly
recurring issues. Only use the Exception exception for cases that are really exceptional.

For the purposes of the following exercise, the "divide by zero" exception falls into this
category. However, having established that this exception is a distinct possibility in a profes-
sional application, good practice would be to add a handler for the DivideByZeroException
exception to the application.

Catch unhandled exceptions

1.

In the Code and Text Editor window displaying MainWindow.xaml.cs, add the following catch
handler to the end of the list of existing catch handlers in the calculateClick method:

catch (Exception ex)

! result.Text = ex.Message;

}

This catch handler will catch all hitherto unhandled exceptions, whatever their specific type.
On the DEBUG menu, click Start Debugging.

You will now attempt to perform some calculations known to cause exceptions and confirm
that they are all handled correctly.

Type 24 in the Left Operand text box, type 36 in the Right Operand text box, and then click
Calculate.

Confirm that the diagnostic message “"No operator selected” still appears in the Result text
box. This message was generated by the InvalidOperationException handler.

Type John in the Left Operand text box, click the + Addition button, and then click Calculate.

Confirm that the diagnostic message “Input string was not in a correct format” appears in the
Result text box. This message was generated by the FormatException handler.

Type 24 in the Left Operand text box, type 0 in the Right Operand text box, click the / Division
button, and then click Calculate.

Confirm that the diagnostic message "Attempted to divide by zero” appears in the Result text
box. This message was generated by the general Exception handler.

Experiment with other combinations of values, and verify that exception conditions are han-
dled without causing the application to fail. When you have finished, return to Visual Studio
and stop debugging.
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Using a finally Block

It is important to remember that when an exception is thrown, it changes the flow of execution
through the program. This means you can't guarantee that a statement will always run when the
previous statement finishes because the previous statement might throw an exception. Remember
that in this case, after the catch hander has run, the flow of control resumes at the next statement in
the block holding this handler and not at the statement immediately following the code that raised
the exception.

Look at the following example adapted from the code in Chapter 5, “"Using Compound Assignment
and lteration Statements.” It's very easy to assume that the call to reader.Dispose will always occur
when the while loop completes (if you are using Windows 7, you can replace reader.Dispose with
reader.Close in this example). After all, it's right there in the code:

TextReader reader = ...;

string Tine = reader.ReadLine();
while (line != null)

{

Tine = reader.ReadLine();

}

reader.Dispose();

Sometimes it's not an issue if one particular statement does not run, but on many occasions it can
be a big problem. If the statement releases a resource that was acquired in a previous statement,
failing to execute this statement results in the resource being retained. This example is just such a
case: when you open a file for reading, this operation acquires a resource (a file handle), and you must
ensure that you call reader.Dispose to release the resource (reader.Close actually calls reader.Dispose in
Windows7 to do this). If you don't, sooner or later you'll run out of file handles and be unable to open
more files. If you find file handles are too trivial, think of database connections instead.

The way to ensure that a statement is always run, whether or not an exception has been
thrown, is to write that statement inside a finally block. A finally block occurs immediately after
a try block or immediately after the last catch handler after a try block. As long as the program
enters the try block associated with a finally block, the finally block will always be run, even if an
exception occurs. If an exception is thrown and caught locally, the exception handler executes
first, followed by the finally block. If the exception is not caught locally (that is, the runtime has
to search through the list of calling methods to find a handler), the finally block runs first. In any
case, the finally block always executes.
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The solution to the reader.Close problem is as follows:

TextReader reader = null;

try
{
string Tine = reader.ReadLine();
while (Tine != null)
{
Tine = reader.ReadlLine();
}
}
finally
{
if (reader != null)
{
reader.Dispose();
}
}

Even if an exception occurs while reading the file, the finally block ensures that the reader.Dispose
statement always executes. You'll see anothe