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Chapter 1. Why This Book?

Some books have a Chapter Wtrthestufftheat 6s t he
reader needs to know before reading Chapter One . Chapter Zero might be

a refresher course in subjects the reader once knew but has now for got-

ten, or it might be a quick  -and -dirty summary of prerequisites for the

rest of the book.

This boo k originated as a Chapter Zero in my book Applications = Code +

Markup: A Guide to the Microsoft Windows Presentation Foundation

(Micro soft Press, 2006) , which is about the new Windows client program -

ming platform thatds p aratdMebsofMirdowmss oft . NET
Vista.

| wanted Applications = Code + Markup to focus almost exclusively on the
Windows Presentation Foundation. | knew t here was enough to cover

with out going into the basics of  general .NET programming and C#. Yet, |
wasndt sure how muc hwoullkadw .rhgtartedenaitthge ras
Chapter Zero for the book that would summarize all the basics of .NET
and C# for the C and C++ programmers who might be coming to .NET for

the very first time.

It soon became evident that this Chapter Zero would be very long It
occurred to me that | could extract the material and make it a book on

its own. And so | didandthisisit . What you have in your hands (or are
reading on a screen) is an introduction to C# and those topicsin .NET
that are typically found in all .NE T programming.

C# is a modern type -safe and object -oriented programming language
based on the syntax of C and (to a certain extent) C++ and Java . Even if
y 0 u &m experienced C++ programmer, you might be in for a few sur -
prises. You may think you know the difference between a class and a
struct , for example, but the difference between a class and a struct in C#
is completely different from C++. (Th  at difference is actually one of the
lamest features of C++ and one of the most profound features of C#.) For

that reason and others, | approach object -oriented programming con -
ceptsinthisbook al most as i f youdre | eawvenyi ng about
first time.

However, | do expect you to have some programming experience with a
C-family | angu algamin gC#as gfiosupbogr&nming language,
you might be better off with a slower, gentler introduction, such as my

book Programming in the Key of C# : A Primer for Aspiring Programmers
(Microsoft Press, 2003).
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The contents of .NET Book Zero are copyrighted by me , but the book is
freely distributable. You can give it to whomever you want. You can make
copies. You can print it out and g
and you candét modify it, and you c
er work without ~ my permission.

ive it awa
anodt wuse a
| f y o u 0 aefetemcé& this Ibook on your own Web site, | ask that you

do so using a link to the page on my Web site where th Is book is found.
That page is:

http://www.charlespetzold.c om/dotnet

That ds the page where peopl eofteedook famdnd t he | a
download the source code | show in the pages that follow.

|l f you I i ke this book, perhaps youdd I|ike to
written. Come to my web site,  www.charlespetzold.com and check them
out. These other books ar endt fr ee, co$tygom monEh.8yt wi | |

you will be pleased to know that | receive a small percentage of the price
you pay for each book. Th at money help s me pay my rent and feed my -
self, and enables me to write more books in the future.

In writing this book, | 0 vdeawn upon some of my earlier writing about C#
and the .NET Framework. Some of the earlier chapters are revisions of

Chapter 1in Programming Mi crosoft Windows with C#  (Microsoft Press,
2001), which is an introduction to Windows Forms programming. Some

of the later chapters were drawn from appendices of that book. The chap -
ters specific to the object -oriented programming aspects of C# were

drawn f rom my book Programming in the Key of C#

As a . NET programmer, youdll probably speci a
NET, and vy o wa@kouplelbooksen tyat shhject. But there are
two essential books that every C# and .NET programmer should have

The first essential book is The C# Programming Language by Anders

Hejlsberg, Scott Wiltamuth, and Peter Golde ( 2nd edition, Addison -

Wesley, 2006). This book is the official technical specification of the C#

language. It is certainly not a tutorial for le arning the language, but a

great booktoread after youdve become adept at C# progra

Downloadable versions of The C# Programming Language are available
under the title  C# Language Specification from this Web page:

http://msdn2.microsoft.com/en -us/vesharp/aa336809.aspx

Because the online title  C# Language Specification is actually more
accurate than the book title The C# Programming Language , | will refer to
the online title rather  than the book title when | sometimes refer to the
book using chapter and section numbers.
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The second essenti al . NET CbRovia K# (Mgrosbfe f f r ey R
Press, 2006), which is actually the second edition of Applied Microsoft

.NET Framework Pr ogramming . There are many subtle and interesting

aspects of .NET programming that Ri ¢ h t beaok éxplores in much more

deptht han vy ou 0 thé pafjes aheadithat | 6 ve wri tten

In .NET Book Zero and my other books, | tend to focus more on the C#

languag e and the .NET Framework class libraries rather than Microsoft
Visual Studio . As you probably know, Visual Studio is the primary
programming environment for creating .NET applications . You might

want to supplement your C# and .NET  studies with a book speci fic to
Visual Studio.

Because this book is intended to teach C# and the rudiments of .NET,
much of the code | show in the pages ahead target s the traditional (and

largely obsolete) command line using character -mode programming
interfaces. | am wellawaret hat youdl | probably eventually
graphical environments, and that you might consider learning about
character -mode programming to be a complete waste of your time. This
is not so. The character -formatting techniques you learn here are directly
applicable to graphical programming as well .
This book is written in tutorial style , which means that it is intended to
be read sequentially. The reader is encouraged to type in the programs as
they are encountered in the book, to run them, and experiment with
them.

* * *

Version 1.0 of this book was posted to www.charlespetzold.com/dotnet
on December 4 , 2006.

Version 1.1 was posted on  January 1 , 200 7. It incorporated many minor
corrections reported by  Larry Danielle, Paul Doughert y, Paul Duggan,
David Evans, Thorsten Franz, Konstantin Korobkov , Tyson Maxwell,
Ryan McFarren , and Larry Smith
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Chapter 2. Why .NET?

The Microsoft NET Fr amewor k (which 1611 often refer
term .NET) is a collection of software technologies that began emerging

from Microsoft Corporation a round the turn of the century. The first

version of .NET was release d early in 2002, and version 1.1 came out in

2003. Version 2.0 was released late in 2005, and Version 3.0 followed in

late 2006 . A good overview of the .NET releases can be found in the Wiki -

pedia entry on the Microsoft .NET Framework:

http://en.wikipedia.org/wiki/. NET Framework

Fromtheend -user 6 s per s p e dairlyinvisible. ThN & Savviersus er
might feel enlightened to know that .NET is basically a  collection of
dynamic link libraries . These DLLs might already be installed along with
Windows XP on a new machine, or  they might be installed during the
process of installing an applic  ation that uses .NET. The late st version of

Windows i Microsoft Windows Vista i includes the .NET Framework 3.0
as an intrinsic part of its architecture.

From the programmerds perspective, . NET i s a
contains everything you need to writ e Web applications or client applica -

tonsit he type of programs sometimes called or
apps .o

If you are a programmer, and you write (or want to write) Web applica -

tions or Windows client applicatons , and you havendt -yet star
ing .NET, then reading this book is a good move . Congratulations on

getting started !

You can program for .NET in a variety of programming languages. How -
ever, any language you use for .NET programming must meet a set of
minimum requirements to order to use the .NET class libraries. These
requirements are known as the .NET Common Language Specification or

CLS. Related to the CLS is the .NET Common Type System (CTS) which
defines the basic data types (such as integer, floating point, and string)

that .NET languag es support. The CLS and CTS are  in turn part of the
Common Language Infrastructure (CLI). The CLI is an ISO standard and

an ECMA standard.

When you compile one of your  .NET programs , the program is generally

compiled to a processor -independent intermediate  language that resem -

bles machine code. This intermediate language was once called Micro -

soft Intermediate Language (MSIL), and i tds stil]l often known
name. Sometjushealled IL t Bus the most properterm isnowt he

Common Intermediate Lan guage (CIL).
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When a .NET program is run on a particular machine, the CIL is com -
piled to the native code of the processor by a just -in-time (JIT) compiler.
This two -stage compilation potentially allows for portability among

various platforms and processors

The just -in-time compilation is performed by the .NET Common

Language Runtime (CLR), whichis  part of the .NET system installed on

end-user s machines. The CLR manages the exec.!l
and can prevent programs from causing damage to the u serds machine.
Thus, when you are programming for .NET you are said to be writing

omanaged code. O

One important aspect of managed code involves the management of

memory. As object -oriented programming and class libraries have be-

come more complex over recent years, common problems have arisen

involving memory allocation. Very often itds
for freeing a particular memory block. For that reason, the CLR imple -

ments garbage collection. The CLR can determine if a particular block of

memory can no longer be referenced by a program, and then free such

blocks of memory if required.

Microsoft makes available several languages to the .NET programmer.
Which one you use is mostly a matter of personal taste. Some people
program for .NET using Visual Basic .NET. Others use Managed C++,
more formally known now as C++/CLI.

However, most .NET programmers have come to know and love C#, the

pro gramming language designed in conjunction with .NET largely under

t he guidance of Andeté®eHéphghageg. | Dhat de des
the pages that follow.

C# incorporates much of the basic expression and statement syntax of C,

and has a rather cleaner object  -oriented programming syntax than C++.

The big difference that veteran programmers will discove ris that C# does

not require you to mess around with pointers. Traditional C -like p ointers

are supported in C# syntax , but they are normally relegated to inter -

operability with existing code. ' wondt be discussing C# poir
book; if you want th at information, you can  find it elsewhere.)

Rat her than pointers, the . NET and-C# p
ences, 06 and these references are wus-ual/l
tactically explicit. It is part of becoming a good C# programmer tha t you

learn when you are working with a reference and when you are not.

It is never too early to start learning the C# and .NET mantra:

Classes are reference types; structures are value types.
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Chapter 3. Runtimes and SDKs

Torun NETpr ograms on your machihaesomgsmndl | need
ware installed that is variously known as the . NET O0runti med
componentsod or oOredistributabl elheterm oOr edi str
or edi st r imeans thabd seftivare developer like yo urself can distri -

bute the . NET r unt i mstallatidn for an épplicapicam tht atf an
requires the .NET Framework to run.

Youdl I need the . NET runtime com@omnents to r
devel op . NET progr ams o0 nalsymeedrto instalc the ne, youdl
.NET Framework Software Development Kit (SDK). Both the runtime and

the SDK are free and both  are generally downloadable from the same or

related Web pages.

To determine what versions of .NET (if any) are currently installed on
your machine, th e following Knowledge Base article can help:

http://support.microsoft.com/kb/318785

For installations of the .NET Framework 1.1  and the SDK , go to this
page:

http://msdn2.microsoft.com/netframework/aa569264.aspx

Although this page includes a redistributable for .NET 1.1, it is recom -
mended that end users installthe .NET 1.1 runtime components as part
of a Windows update.

For the .N ET Framework 2.0, go here:

http://msdn2.microsoft.com/netframework/aa731542.aspx

For the .NET Framework 3.0, go here:
http://msdn2.microsoft.com/windowsvista/aa904955.aspx

The SDKisreferred toon t hi s page as t hAsobti ndows SDK.
writing, .NET version 3.0 is fairly recent,  but it is likely to become the

ostandarddé version of . NET rdsadt®Wmdowse it i s bui
Vista. However, you may want to target a lesser version of .NET if you

~

know that i1 tds supported by an existing user

The most recent version of Microsoft Visual Studio is Visual Studio 2005,

which incorporates the .NET Framework 2.0 SDK . The next version of

Visual Studio will incorporate the .NET Framework 3.0 SDK. Meanwhile,

if you want to do .NET 3.0 programming with Visual Studio , youdl | need
to install the 3.0 SDK along with Visual Studio 2005 . If you need to pro -

gram for a specific subsystem of .NET 3.0 (such as the Windows Presen -
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tation Foundation or the Windows Communication Foundation or the
Windows Workflow Foundation)  you can install extensions to Visual
Studio 2005. These are available as links from the .NET Framework 3.0
page.

Microsoft also makes available a free Visual C# 2005 Express Edition
that you can download here:

http://msdn.microsoft.com/vstudio/express/visualcsharp

This package installs the .NET 2.0 runtime and a good chunk of the

SDK. (You can install the 2.0 SDK in addition to the Visual C# Express

Edition .) The installation asks if you want to install MSDN, which stands

for Microsoft Developer Network and refers to documentation that in -

cCludest he . NET class |ibraries. Youdll very 1l
documentation.

Strictly speaking, you dondt need either Vis
program for .NET. The .NET Framework SDK comes with a command -

line version of the C# compiler, and you ¢ an use that. However, Visual

Studio and Visual C# simplify several aspects of .NET programming.

Besides the compiler itself, perhaps the most important part of the SDK

is the documentation of the .NET class libraries. When you install one of

the SDKs, the SDK itself appears on the Windows start menu, and a

Document ation item appears wi tohly instaledat gr oup.
Visual C# 2005 Express Edition, you can bring up the documentation by

selecting Contents from the Help menu of Visual C# .)

The .NET documentation is displayed by the Document Explorer applica -
tion. O n the left side of the Document Explorer window is a pane that

you can switch between Content and Index views with a tab at the bot -
tom. The pane on the right side shows information on the selected item.

Select the Content tab. | want you to find the documentation of the .NET
class |ibraries. |l f youdve installed the . NE
Class Library heading in the following hierarchy:

.NET Framework SDK
Reference
Class L ibrary

With a later SDK, the hierarchy is a bit shorter:

.NET Framework SDK
Class Library

Or:
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.NET Framework Development
Class Library

When you f i nd iitbytheyasge list | of datries.Wany of the

early entries begin with the word Microsoft . The later entries begin with

theword System.What youdr e wsthebasicglasser e

documentation of the .NET Framework , and youdl l be spending
time with it . You can also access the .NET Framework documentation

online at this page:

http://msdn2.microsoft.com/library/aa388745.aspx

The top -level entries in this long list that begin with the words ~ Microsoft

or System are known as namespaces . The namespaces serve to separate

the .NE T Framework into functional groups. For example, System.Win -

dows. Forms is the basic namespace for Windows Forms. Namespaces

also help avoid problems resulting from duplicate class names. The .NET

Framework can have different classes with the same names. | f these

classes are indifferent namespaces, thereds no name cl as|
three classes named Timer, for example, all in di  fferent namespaces.

Some of these namespaces will become an intimate part of your life;
ot hers youdl |l pr ob ab lAythenpepularr teegshirt says,o0 k n o w.
0So many . NET éhamebpatks time. o

The most important namespace is System, and thatods the namesp
be referring to most in this book. A few other namespaces are often

useful, even in traditional character -mode programs. The System. -

Globalization namespace contains classes that help you tailor your

programs to an international market. The System.Collections and

System. Collections.Generic contain classes that help you store inform -

ation in familiar collections s  uch as queues, stacks, and dictionaries. The

System.lO namespace contains essential classes for working with files

and streams, and System.Xml supplements those classes for working

with XML.

|l f you open one of these namespacee;aa i n the d
number of types defined in the namespace . Most of the se types are
classes. Some are structures. Others are interfaces, enumerations, and

delegates. Yo u & | | | earn mor e a binothetpagestaleeade f i ve type
Open up a class or structure, and you 0 Isde members of that type . These

members can include constructors, fields, methods, proper ties, and

events, which youdll also | earn more about iIin t
Whenever youodre doing .wWhEen ewergmaingd rneg ( or
this book oranyother. N ET programmi ng bookjwanytmuodl | pr ot

have th e .NET documentation open and ready for browsing.
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To quickly find a particular item in the class documentation, click the

Index tab in the left pane. Inthe Look For field ,enter what youdre | ooki i
for 6Ti mer class, 6 for example. Select oOabout
at the right on the bot Timemclassgowittotheir see t he t
namespaces in parentheses. Select the one you want, and the first page

of the class documentation will appea r. You can then click the Sync With

Table Of Contents button on the toolbar to get back to the Contents view

and continue exploring the  particular class. (Inthe .NET Framework 1.1

SDK, it works a little differently. There is no separate pane for index

results; the three Timer classes are listed separately in the index.)

Besides providing all the class documentation of the .NET Framework,
another important role of the .NET Framework documentation is the
teaching of humility. You will never, ever, come close to any type of
familiarity with the entire .NET class library. (But you can always try.)
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Chapter 4. Edit, Compile, Run, Disassemble

A file containing C# code generally has the filename extension .cs for oC
Sharp .6Her e 6 s aexample fthe boldfaced filename at the top is not
part of the program)

FirstProgram.cs
I
/I FirstProgram.cs (c) 2006 by Charles Petzold
1

class FirstProgram

{

public static void Main()

{
}

System.Console.WriteLine("Hello, Microsoft .NET Framework!");

}

Let 6s f i aremte, compile, dndrunthisprogram ,and t hen | 61 I

discuss its structure and contents.

Al t hough youdol | piyrusetMizciodofy Visaav Studio ta devel -

op . NET programs, thatds not youedit,tonly optiao
compile, and run .NET programs from the MS -DOS command line. In

many respects, compiling a C# program on the command line is quite
similar to the way you might have compil ed a C program on the com -
mand line two decades ago.

Compiling .NET programs on the MS  -DOS command line might seem like

an odd and eccentric practice in modern graphical environments like

Windows, butl t hi nk it ds i negpegmning MET programmierh

to try it just once. Adtisabbubed ofithe nojionth& a st , y ouo

you need the powerful resources of Visual Studio to compile eve ry .NET

program youdll ever write.

(Some information in this chapter does not apply to the .NET 1.1 SDK. If

t hatds what youdre using, youdll want to sel

soft .NET Framework SDK v1.1 entry in the Windows start menu for
inform ation about the command line, the IL disassembler, and the IL
assembler.)

Both Visual Studio 2005 and the .NET 2.0 and 3.0 SDKs create entries

in the Windows start menu for running command -line windows. This is
whatyou shoulduse. | t 8 s har daeregulas Winslosvs Command
Promptwindow f or compi |l ations becauseerit doesnodt

environment variables set  so that MS-DOS can locate the C# compiler.

Version 1.1 Page 11



.NET Book Zero Charles Petzold

If you run one of these command -line windows, you can then navigate to
a particular directory where you want to store your programs. On the
command line, type

notepad

and Windows Note pad will run.  Or, you can type a flename as  an argu -
ment to Windows Notepad like this:

notepad firstprogram.cs
Then Notepad will ask you if you want to create that file.

In Notepad, t ype in the program shown above. C# is a case -sensitive

language. Make su re that you type the words class, public, static, and

void entirely in lowercase. Make sure you type the words Main, System,

and Console, with an initial capital but the rest in lower -case. Make sure

that WriteLine has an initial capital and an embedded ca pital. You can

type FirstProgram whatever way you want (or you can use a different

name), but dondt emthermdmea alblda i n 6 thenameg i n
withanumber, You dondét need to include the I ines
double slashes.

Save the file from Not epad with the name firstprogram.cs, or something

el se i f you pref er exit Notepad atths point, buryeue d t o
do need to save the file.) Then, on the command -line, run the C# com -

piler, which is a program named csc.exe:

csc firstprogram.cs

The C# compiler reads your source code and (if all is well) emits a file
named firstprogram.exe, which you can run like this:

firstprogram
The program displays a text greeting and then terminates.

| mentioned in the second chapter that a .NET executable actu ally con -
tains Common Intermediate Language (CIL) code. The .NET SDK includes
a tool called the IL Disassembler  (ildasm .exe) that disassembles a .NET
executable and shows you the CIL statements. From the Windows start
menu, find the SDK group, andthenat ool named IL Disassembler. Run

it. Or, just enter

ildasm

on the command line. From the File Open dialog box, navigate to the

di r e ct ove peeryusingdand load FirstProgram.exe. Open the First-

Program class and double -click Main. That 6 s your Q. ©hgr am i n
Idstr command loads a text string on the stack, and then a call command

calls System.Console.WriteLine (but with a syntax more reminiscent of

C++) to display the string . When you run the program, the .NET Common

Language Runtime (CLR) compiles the  CIL into machine code appropriate

for your particular processor.
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If learning CIL appeals to you, you can discover more about it here:

http://www.ecma  -international.org/p  ublications/standards
/Ecma -335.htm

The .NET SDK includes an assembler program for CIL named ilasm. exe.
Programs writ ten directly in CIL are just as managed and just as
portable as programs writ  ten in C#.

Ofcourse,most . NET programmer s Latalhdahdevdhnow any CI
fewer know enough CIL to be able to actually code in it. However, it is

sometimes instructive and revealing to examine the CIL that the C# com -

pil er emits, an docdaswonallyh calyour attenkion tod.| |

Now | et ofrem caimmmand -line programming to the opposite extreme
by running Visual Studio 2005 or Visual C# 2005 Express Edition.

From the menu select File, then New and Project. In Visual Studio, first

select Visual C# and Windows at the left. In either edition, s elect Empty

Project on the right. Give the projnect a nan
Vi sual St udi o, sejecta diledtorynlecatidn fdr othe project and

uncheck the Create Directory For Solution checkbox. In Visual C# Ex -

press Edition, you selectth e directory when you save the project.

In the Solution Explorer on the right, right -click the FirstProgram project
and select Add and New Item.  (Or, select Add New Item from the Project
menu. ) Select Code File and give the file a name of FirstProgram.cs.

Now type in the program shown above. As you type, youdll see
Studio trys to anticipate what you need. When you type System and a

period, for example, it will give you a list of types in that namespace, and

when you type Console andaperiod,you 61 | get a | ist of member
Consolecl ass. This is Visual St urdighbconsetol nt el | i s €

find it addictive, and then hate yourself from relying on it so much.

You can compile and run  the program by selecting Start Without Debug -
ging fro m the Debug menu or by pressing Ctrl -F5. The program will
compile and run in a command  -line window.

What youdve done hVisual Studo prgectcnanedRirgt - a
Program , which occupies the FirstProgram directory . A project generally
creates a sin gle executable file or a single dynamic link library. (In Visual
Studio, multiple related projects can also be bundled into solutions .) A
project can contain one or more C# source code files. In the simplest

case, a project contains one C# file, and for co nvenience the C# file is
generally given the same name as the project but with a .cs extension.

Back on the command line or in Windows Explorer, you can see that
Visual Studio has created a  project file in the FirstProgram directory
named FirstProgram.cspr  0j. This is an XML file that  references the .cs
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file and contains all the other information Visual Studio needs to main -
tain the project and compile it

During compilation, Visual Studio has also created some intermediate

files in a subdirectory of FirstPr ~ ogram named obj. The executable file is

found in bin in a subdirectory named either Release or Debug depending

on the configuration youdve chosen in Visual

|l f youdre running .NET 3.0, go back to the c
FirstProgram.csproj f ile is in the current directory  and run:

msbuild firstprogram.csproj

The MSBuild program will compile the project and (by default) deposit
the executable file in the  bin\ Debug directory.

The MSBuild program  became necessary in .NET 3.0 partially because
Windows Presentation Foundation  programs can be built from both C#
files and XAML (Extensible Application Markup Language) files. The
MSBuild program invokes the C# com  piler and other tools to assemble
an entire executable. You can write your own .csproj pr oject files, if you
want.

Between the extremes of the command prompt and Visual Studio are
other .NET programming tools, such as my own KeyOfCSharp.exe , which
you can download here:

http://www.charlespetz old.com/keycs

If you want to run the sample programs shown in this book without
typing them in, you can download all the source code from the same
page where you found this book:

http://www.charlespetzo Id.com/dotnet

However, youol |l better accustom your brain a
typing in the code yourself.

Letds | ook at the program |isting again:

FirstProgram.cs
I
/I FirstProgram.cs (c) 2006 by Charle s Petzold
I

class FirstProgram

{

public static void Main()

{
}

System.Console.WriteLine("Hello, Microsoft .NET Framework!");
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At the top are a few single -line comments beginning with th e familiar
double slashes. C# also supports multi -line or partial -line comments
delimited by /* and */.

All code in a C# program must be in either a class or a structure. This
particular program defines a class (denoted by the keyword class) name d
FirstPro gram:

class FirstProgram

{

}

Curly brackets delimit the contents of the class. You can change that
class to a structure  using the keyword  struct :

/I contents of the class

struct FirstProgram

{

}
The progra m will compile and run the same.

/I contents of the structure

It is common to define the class or structure with the public keyword:

public class FirstProgram

{

}

However, using the public keyword with a class is not generally required
in program code. (There are some ca ses where it is required.) The  public
keyword applied to a classis  generally found much more in code that
contributes to dynamic link libraries.

/I contents of the class

When creating this project in Visual Studio, | 6ve used a project na
is the same as the C# file name, wh  ich is the same as the name of the

class defined in that file. None of these name matches is required. In

fact, a C# file can contain multiple class definitions, none of which match

the file name. A class can also be split between multiple files, none of

whose names need match the class name. None of these names need to

be the same as the project name.

Just to avoid confusion, | generally like to restrict my C# source code
files to just a single class and structure, and to use a file name that
matches the ¢ lass or structure name. (But | sometimes break this rule in

this book.)
In the FirstProgram class (or structure) is a single method named Main.
The entry point to a C# program is always a method named Main, and it

must have an initial capital.  C# is a case -sensitive language.
The Main method is defined with the  public and static keywords:

Version 1.1 Page 15



.NET Book Zero Charles Petzold

public static void Main()

{

}

The public keyword indicates that the method is visible from outside the

class in which it is defined. The public keyword is not actually required

for the Main method , and the program will  compile and run fine without

it. Sometimes | use public with Main and someti mes not. It

/I contents of the method

(@]}
(%2]
j8b)

The static keyword means that this method is associated with the class

itself rather than an instance of that class. A class is basically an ice
cream dispenser, and instances of the class are sundaes. Unfortunately,
this simple progr ansundaes orherensak instapcea n y
keyword , however, because static methods are gene rally the exception
rather than the rule.  The world has many more sundaes than ice cream
dispensers , and generally sundaes are more interesting

~

This particular Main method has no parameters i indicated by the

empty parentheses following Mainfia nd d o eetsrn &ything to the
caller, indicated by the keyword void. (You can also define Main to have a
parameter that is an array of text strings, which are set to the command -
line arguments of the program. Main can also return an integer as a
termination code. See the C# Language Specification , 83.1 for details.)

The body of a method is delimited by curly brackets. The entire body of
this Main method is the statement:

System.Console.WriteLine("Hello, Microsoft .NET Framework!");

As in C and C++, statements in C  # are terminated by semicolon s. This

statement is a method call. The argument is a string literal enclosed in

double -quotation marks.  String literal sin C# are restricted to a single

line. In other words, the two quotation marks delimiting the string must

appear on the same line. (If you need to break up a long string on mul -

tiple lines, you can concatenate multiple string literals using the plus

operator, as | 61 | demonstrate in the next chapte

Although string literals must appear on one line, C# can oth erwise be
freely formatted. This is allowed:

class
FirstProgram
{
public
static
void

(

Main

System
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Console

WiiteLine
(

"Hello, Microsoft .NET Framework!"

) .

So is this:

class FirstProgram{public static void Main(
){System.Console.WriteLine("Hello, Microsoft .NET Framework!");}}

If you co de like this, however, nobody will be your friend.

FirstProgram doesnd6t do much except
System.Console.WriteLine . Th at 6 s -qualified rhethgd name. Like
romance novelists, method s inthe .NET Framework generally have three
names:

0 System is a namespace.
o Console is a class in that namespace

o0 WriteLine is a method in that class

Il n the . NET class document @ohsol®celassy oudl |

actually has many methods named WriteLine . These various versions of

the WriteLine method are knownas overloads. The one | dm us

particular program is defined like so  (eliminating line breaks provided in
the documentation):

public static void WriteLine(string value)

Ther eds t h astatickaganyaodrwihat it means hereist  hat Write -
Line is a method associated with the Console class rather than an
instance of the Console class. The static keyword means th e method
must be referenced by prefacing it with the name of the class in which

it 6s dseparateckby a period. The c lassis prefaced with the name -
space in which the class is defined, a  Iso separated with a period.

Where is the code for System.Console.WriteLine . whichist he code that
actually puts the text on the console? If you look at the first page of the

documentati onforthe Consolec| ass, youdll see near

Assembly: mscorlib (in mscorlib.dll)

This indicates that the code for the Console class is located in an assem -
bly named mscorlib. An assembly can consist of multiple files, but in this

ma k e

ng

t

he

a

nd

n

t

casei t 0s only one file, which is th@&wedynamic

mscorlib.dll file is very important in .NET. The file name a t one time

stood for OMicrQbgadt RunCommohi br aitgténdsb ut
foroMul ti |l anguage StandaRuntCiomenolni rbg rey.t o
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the main DLL for class libraries in .NET, and it contains all the basic
.NET classes and structures.

As you know, when you compile a C or C++ program, you generally need
an #include directive at the top that references a header f ile. Th e include
file provides function prototypes to the compiler.

The C# compiler does not need header files. During compilation,t he C#
compiler access the mscorlib.dll file directly and obtains information

from metadata in thatf ile concerning all the classes and other types
defined therein. The C# compiler is able to establish that mscorlib.dll

does indeed contain a class named  Console in a namespace named
System with a method named  WriteLine that accepts a single argument of
type string . The C# compi ler can determine thatthe = WriteLine call is
valid, and the compiler establishes a reference to the mscorlib assembly
in the executable.

Intellisense also works by referencing mscorlib.dll and getting infor ma.-

tion from the DLL about the namespaces, types, and members.

As you probably know, compiling a C or C++ program is just the first

step in creating an executable. You must then (either explicitly or im -

plicitly) run a linker that accesses library files. Traditionally, code in the

standard runtime librar  ies is inserted right into the executable. For code

in DLL®ds, only references are inserted.

The C# compiler doesnd6t require | ibrary file
already accessing the actual DLL, it can insert references to that DLL

into the executable. At the time the program is run, t he CLR links the
program with the actual method call in mscorlib.dlIl.

Many of the basic classes and structures are included in mscorlib.dll. As

you go beyond the command | ine, youd6ll start
are store d in other DLLs. For example, classes in the System.Windows. -

Forms namespace are stored in the assembly system.windows.forms,

which is the DLL system.windows.forms.dll.

The C# compiler will access mscorlib.dll by default, but for other DLLSs,
youdl | telehe dompiler the assemblyin which the classes are
located. These are known as  references . In Visual Studio, right click
References under the project name in the Solution Explorer, and select

Add Reference. Or, select Add Reference from the Project m enu. ( For the
command line compiler , you specify references with the /r compiler

switch.)

It may seem like a big bother to type System.Console.WriteLine just to

di splay a |line of text, and thatodos why the C
that reduces yourt yping a bit. This program is functionally equivalent to

the program shown earlier
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SecondProgram.cs
I
/I SecondProgram.cs (c) 2006 by Charles Petzold
1
using Syst em;

class SecondProgram

{

public static void Main()

{
}

Console. WriteLine("Hello, Microsoft .NET Framework!");

}

The Console.WriteLine call is no longer prceded with the System name -

space. This is made possible by the line near the top that begins with the

keyword using. Thislineis calleda directve because i tds not, stri
speaking, a statement. It must appear before any type definition in the

file, such as a class. The using directive basically tells the C# compiler

that ifitcandt find a st at iConsaledMritelind , itrslzouhcketry

appending System to the frontto make System.Console. Write Line and try

looking for that.

Of course,the usingdi recti ve hasnodét exactly -reduced t
gram, but if you had very m  any WriteLine calls, it certainly would. All the

sample programs from now on will have a using directive for the System

namespace and occasionally other namespaces as well.

Theusingdi rective is not |ike a header fil e, an
tdoesndt r ef er eusiogedirectivé prillyeindicales e&enamespace,
and having using directives is never required in a C# program.

A slightly different form of the using directive defines an alias that lets
you decrease your repetitive typing even m ore.

ThirdProgram.cs
1
/I ThirdProgram.cs (c) 2006 by Charles Petzold
1
using C = System.Console;

class ThirdProgram

{

public static void Main()

{
}

C.WriteLine("Hello, Microsoft .NET Framework!");

}

Now any reference to the System.Console class can be shortened to just a

capital CC. That 6 s about as succinct a@Bhepextudr e goi n
step would involve defining your own short -named me thod that then

calls WriteLine .)

Version 1.1 Page 19



.NET Book Zero Charles Petzold

| need to warn you how limited th e alias facility is: T he using directive
does not perform a substitution of  System.Console for any and all occur -
rences of a capital C in your code . Inthe using directive, the right side of
the equals sign must be a namespace or type, and this particular

example only comes into play if the compiler cannot find a class named C

with a method named  WriteLine .

Also keep in mind that C# culture does not encourage the use of tech -
nigues like this  to make your code look more obscure than it should be.
The use of this form of the  using statement is primarily for a situation
where you need to reference classes with the same name from two dif -
ferent namespaces.

For example, suppose you purchase two hel pful class libraries in the

form of DLLs from Bovary Enterprises and Karenina Software. Both these
libraries contain a class named SuperString that is implemented entirely
differently in each DLL but is useful to you in both versions. Using both
SuperStrin g clases is not a problem because both companies defined
unique namespace names for their classes.

The people at Bovary put their SuperString class in a namespace named
BovaryEnterprises.VeryUsefulLibrary . Yes, the namespace contains an
embedded period,an d it 6s in accordance with
company name goes first, followed by a product name. The code
developed at Bovary looked something like this:

namespace BoveryEnterprises.VeryUsefulLibrary

{

public class SuperString

{

}
}

The clever programmers at  Karenina also used the accepted naming
convention and put their ~ SuperString class in the namespace Karenina -
Software.HandyDandyLibrary

So, when using both these DLLs  in your own program , you can reference
either SuperStri ng class simply by using the fully  -qualified name, which
is either

BovaryEnterprises.VeryUsefulLibrary.SuperString
or:
KareninaSoftware.HandyDandyLibrary.SuperString

accept ec

And hereds wher e t hueasingdirecave cofmes mimplay.f Toh e

simplify your t yping, y ou can include the following two using directives in

your program

using Emma = BovaryEnterprises.VeryUsefulLibrary;
using Anna = Kar eninaSoftware.HandyDan dyLibrary;
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Now you can refer to the two classes as
Emma.SuperString

and:
Anna.SuperString

If you are writing code for a DLL, and particularly if you intend to make
this DLL available to others, you should put everything in a namespace
that identifies your company and product.

You can also use namespace definitions in your non -DLL program code,
but here i tds rraortthe §irst coupletofaNET programming books
| wrote , Il di dndt usaallnirmamy@egrams. &y recent

book on the Windows Presentation Foundation, | used namespaces in my
program code that consisted of my name followe d by the project name. |
did this for two reasons. Most importantly, when integrating C# code

with XAML, it helps for the program code to be in a namespace. Also,

when one project references code from another project (as | do in my

WPF book), the namespace helps identify where the referenced code
comes from.

The following program shows how you can put your own program code
inside a namespace definition.

FourthProgram.cs
I
/I FourthProgram.cs (c) 2006 by Charles Petzold
I
using System;

namespace Petzold.FourthProgram

{

class FourthProgram

{

public static void Main()

{
Console.WriteLine("Hello, Microsoft .NET Framework!");
}
}
}
However, in this |ittle book, thatods
definition.
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Chapter 5. Strings and the Console

In the previous chapter, the argument passed to the Console.WriteLine
method looked like this:

"Hell o, Microsoft .NET Framework"

That is known as a string literal. It consists of a bunch of characters
delimited by double quotation marks. The characters are Unicode, which
means that each character is represented by a1l 6-bit number. (More
information about  Unicode can be found at  www.unicode.org .)

As in C and C++, the backslash  character is interpreted as an escape
character , and the character that follows is treated specially. This allows
the embedding of characters in a character string that would otherwise
not be possible. The following table shows the supported escape
sequences with their Unicode equivalents in hexadecimal.

Escape Sequence Result Unicode Encoding

\0 Null 0x0000

\a Alert (beep) 0x0007

\b Backspac e 0x0008

\'t Horizontal tab 0x0009

\n New line 0x000A

\'v Vertical tab (printing) 0x000B

\ f Form feed (printing) 0x000C

\'r Carriage return 0x000D

\ " Double quote 0x0022

\' Single quote 0x0027

\\ Backslash 0x005C

\ UABCD Unicode character OXABC D

\ XABCD

| 6ve never found it neceguaeamak Withabpck ecede a s
slash inastring . ( Youdl | need to do so when defining

because character literals are delimited by single quote marks.) The last
entry in the table indicates ho ~ w you can embed arbitrary Unicode
characters in a character string. The ABCD characters stand for any 4 -
digit hexadecimal number. For example:
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"Hello, Microsoft \ XO0AE .NET Framework"
Now the word dMicrosoft 6is followed by a ® symbol to make the lawyers

happy. However, the consol e -ASCEcharattersverypport non
well, so if you actually make this change in the program from the last

chapter, it will probably show up simply as a lower -case Orod.

If you really, really, really want to see your program display an ® symbol,

you can abandon the console and write a small Windows Forms program.
Windows Forms is a Windows client platform supported under all
versions of .NET.

TextWithUnicodeChar.cs
1
/I Tex tWithUnicodeChar.cs (c) 2006 by Charles Petzold
I
using System.Windows.Forms;

class TextWithUnicodeChar

{

public static void Main()

{
}

MessageBox.Show("Hello, Microsoft \ XO0OAE .NET Framework");

}

Show is a static method inthe  MessageBox class, which isinthe  Sys-
tem. Windows.Forms namespace. Withoutthe wusing di recti ve, youdd
to call this method with th e horrific fully -qualified name:

System.Windows.Forms. MessageBox.Show(
"Hello, Microsoft \ XO0OAE .NET Framework");

The Windows Forms classes are in the System.Windows.Forms assembly,
which is the System.Windows.Forms.dll file. To compile this program you
need a reference to that assembly. In Visual Studio in the Solution
Explorer, right click References and then Add Reference. (Or select Add
Reference from the Project menu.) In the Add Reference dialog box, select
the .NET tab and the System.Windows.Forms assembly. When compiling
on the command line, use the /r switch to specify other assemblies.

The MessageBox.Show method displays a Windows message box with an
OK button. When you click the OK button, the message box disappears
from the screen, MessageBox.Show returns, and the program terminates.

Although the Windows Forms  program correctly displays the ® symbol,
keep in mind that not every font supports every Unicode character.

You can also use Unicode escape sequences in variable names . See the
C# Language Specification , 8§2.4.1 for details.

In some cases you might want  to encode a string literal with several
backslashes. This is common with directory paths:
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"\\ Documents and Settings \\ Charles \\ Favorites "

You can alternatively use a type of string literal known as the verbatim
string literal. You preface the first double q uote with an @ sign:

@X Documents and Settings \ Charles \ Favorites "

The backslash ceases to be an escape character so you only need one
backslash for each separator. None of the normal escape sequences are
allowed. If you need to embed a double quote in the string, use two
double quotes in a row.

@"The symbol \ is called a ""backslash™"

Verbatim strings can begin on one line and continue to the next,
although the resultant string will have embedded carriage return and
line feed characters.

Unlike C and C++, C# supports a string data type for storing strings.
Within a method such as  Main you can declare a variable of type  string
using a declaration statement:

string str;

All variables must be declared before they are used. Variable names
generally begin with |  etters or a n underscore, and can also contain num
bers, but the rules for what Unicode characters are allowed in a variable
name are quite complex. (See the C# Language Specification , 82.4.2.)
Certainly the variable name doesmsthbut have to
| like to do that because it reminds me that this is a string variable.

You can optionally initialize that string when you declare it:
string str = "This is an initialized string";

Or you can set the value of thamassignr-i ng after
ment statement:

string str;
str = "This is an assigned string";

Thereds no difference between initi-alizing a
ment and assigning it immediately after the declaration statement.

You can declare multiple string variab les in a single declaration state -
ment by separating them with commas:

string strl, str2, str3;
You can initialize all or some of these variables:
string strl, str2 = "initialized", str3;

Until a string variable is assigned a value, it is considered to be
uninitialized, and the C# compiler will not allow that variable to be used.
Hereds an il l egal sequence of statement s:

string str;
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Console.WriteLine(str);
The C# will complain about the o0Use of wunass

You can seta string variable to an empty string:

string str ="";

Or you can setthe string variable to the C# keyword null:
string str = null;

In either case, the variable is now considered to be initialized, but in two

distinctly different ways. In the first case, the str variable refersto a

string that happens to have no characters. In the second case, the str

variable is considered to have a  null reference, which means that it

doesndt refer t o anyC€onsolae\YriteLihenwilgustt her case,
display nothing for that string.

Hereds a complete program thatMam:ses an initd.i
class Program
{
static void Main()
{
string str  Display = "Hello, Microsoft .NET Framework";
System.Console.WriteLine(str Display );
}
}
The string variable mustbe decl ared and set before i tds u
no good:
class Program
{
static void Main()
{
System.Console.WriteLine(strDisplay);
string strDisplay = "Hello, Microsoft .NET Framework";
}
}
Youdl |l get an compsehgingrodhemeamagéstr Di spl
not exist in the current context. 6 This code
class Program
{
static void Main()
{
string strDisplay;
System.Console.WriteLine(strDisplay);
strDisplay = "Hello, Microsoft .NET Framework";
}
}
The variable is decl ared butWritetirtesis uni ni ti al i
called. The compiler error message i s o0Use o
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The strDisplay variable is known asa local variable because itis dec lared
within a method (in this case Main ), and the variable is only visible

within that method. You can also declare a variable outside of Main but
within the class:

class Program

{
static string strDisplay = "Hello, Microsoft .NET Framework";
sta tic void Main()
{
System.Console.WriteLine(strDisplay);
}
}

The strDisplay variable is now known asa field, and it is potentially
accessible to any method within the Program class. Both strDisplay and
Main are considered members of the cla  ss. Notice that strDisplay is
declared as static , meaning it is part of the class itself rather than an

instance of the class. The program could refer to strDisplay by prefacing
it with the class name:

System.Console.WriteLine(Program.strDisplay);

ltdoesn 6t matter wher e | nsgDisgley fieldiedecldrea.s s t he
This will work fine as well:

class Program

{
static void Main()
{
System.Console.WriteLine(strDisplay);
}
static string strDisplay = "Hello, Microsoft .NET Framewor K"
}
This might look a little strange because in the context of the whole class
strDisplay i s decl ared after itods used, but that
variables. Both Main and strDisplay are members of the class, and the
ordering of membersusuallyd oesndét matter. (However, if
from the value of another field, then the ordering does matter.)

You can also declare a field but set its value in a method:

class Program

{
static void Main()
{
strDisplay = "Hello, Microsoft .N ET Framework";
System.Console.WriteLine(strDisplay);
}
static string strDisplay;
}

Version 1.1 Page 26



.NET Book Zero Charles Petzold

If you leave out the assignment statement in Main , the program will still

compile and run fine, but nothing wil/ be di
itly in itialized, fields are always implicitly initialized to zero values. A

string field (and other reference types) is initializedto null.

But you candt have assignment statements out
doesndot compile at al/l

class Program

{
static  string strDisplay;
strDisplay = "Hello, Microsoft .NET Framework";
static void Main()
{
System.Console.WriteLine(strDisplay);
}
}
The compiler error message is oOlnvatid token

face member declaration, 6 me a n i nwhentthke @# compiler was
parsing the program, everything appeared OK until it got to the equal
sign.

You can use the same name for fields and local variables:

class Program

{
static string strDisplay = "This is a field";
static void Main()
{
string strDisplay = "This is a local variable”;
System.Console.WriteLine(strDisplay);
}
}
Within Main , the local variable takes precedence and the program will
di splay o0This is a |l ocal vari abkemgtoé However,

serve no purpose in this program, the C# compiler will emit a warning
message that says o0The private field O6Progra

7

its value i s never used. o6

That warning message suggests how you can access the field rather than
the | ocal variable:

class Program

{

static string strDisplay = "This is a field";

static void Main()

{

string strDisplay = "This is a local variable";
System.Console.WriteLine(Program.strDisplay);
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}
Notice that strDisplay is n ow prefaced with the class name in the Write -
Linecall. The program di spl ayRButthecémpier inesw a fi el d, 0
compl ains with a warning message that o0The v

assigned but its value is never wused. 6

If you look at the documentation for the Console class, and particularly

the WriteLine met hod, youdl |l find |l ots of different
webdbve been i mplicitly using(inCshsyntale one def i n

public static void WriteLine (string value)

This method displays the string passed as a n argument and then skips
to the next line. The void keyword indicates that the method returns
nothing to the caller. Exploring the Consolecl ass further, youdll
a method named Write, and a version of the  Write method defined like
this:
public static void Write (string value)

The Write method displays its argument but does not skip to the next
l ine. Ther eds faWritldne ahat\dees rothioegn but skip to the
next line:

public static void WriteLine ()

Thereds no par ametWritelbeescsa uvseer siitonwoodfl dndt do
thing at all. You can rewrite the guts of  FirstProgram so it looks like this:

Console.Write ("Hello, " );
Console.Write( "Microsoft" );
Console.Write( ".NET " );
Console.Write( "Framewaork!");
Console.WriteLine();

Notice that the first three strings end with a space so th e words are still
nicely separated.

If you look further in the Consoledocumentation, yoatd-l | di sco
od named ReadLine:

public static string ReadLine()

This method has no parameter, but it returns a string . This method ob -
tains text typed by the user and then returns it to the program. You can
store this return value in a string variable and then later display it.

GetTheUsersName.cs
1l
/I GetTheUsersName.cs (c) 2006 by Charles Petzold
1l
using System;

class GetTheUsersName

{
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static void Main()

{

Console.Write("Type your name and press Enter: ");
string strName = Console.ReadLine();
Console.Write("Your name is ");
Console.WriteLine(strName);

}

Notice how the first Console.Write call is used to display the prompt. No
new line is displayed and the cursor sits one space from the colon. The
Console.ReadLine call echos typed characters to the console but does not
return until the user presses Enter, which also causes the cursor to skip
to the next line. The combination of Console.Write and Console.WriteLine
then prints the info  rmation in a single line.

You can concatenate multiple strings using the plus operator, which
means that those two last statements could have been written like this:

Console.WriteLine("Your name is " + strName);

A string literal must appear on a single lin e (except for verbatim strings,
which can straddle multiple lines) , SO t he concatenation oper atoris a
good way to combine strings that are too long to fit comfortably on a

single line.

Limerick.cs
I
/[ Limerick.c s (c) 2006 by Charles Petzold
I
using System;

class Limerick
{
static void Main()
{
string strLimerick =
"There once was a coder named Otto \r\n"+
"Who had a peculiar motto: \r\in"+
\ "The goto is king, \r\n"+
To thee | sing! \"\r\n" +
"Maybe that's why he's often quite blotto. \r\n"

Console.WriteLine(strLimerick);

}
Notice th e escape sequences for the embedded double  quote marks in the

third and fourth lines, and also that ea ch of the five lines is terminated
with escape sequences for a carriage return and line feed, which is the
customary way to terminate lines in MS -DOS environments and Win -

dows. Because the last lin e has a carriage return and line feed, and the
entire string is displayed with Console.WriteLine , a blank line will appear
after the end of the limerick.
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In the documentation of the Console class, the Write, WriteLine , and

ReadLine methods all appearint he section | abeled oO0Met hods.
see a section | ableybuehdve ihd®SDK ipstaliet! forehe . 6

NET Framework 1.0 or 1.1, youdll only see a
ing. For versions 2.0 and above, showever, Vyo

examine a few of these items .

Hereds how t he pTitle jsdocungnted ia G¥#esyhtax:
public static string Title { get; set;}

Like the methods in  Console, this property is  public , which means that

we can access the Title property from outside the  Console class, such as

one of our programs . The property isalso static, whi ch means that we
actually be referring to it as Console.Title . Each property hasa type, and

the type of this Title property is string . Within curly brackets appear the

words get and set. This means that the property can be both r e a getq )o

and s et. When you write your own properties (which 18611 get to in
17), youdl |l see hgewand $seefigue inile prdperty

definition.

The Console.Title property is ogettable, 6 which means that you can obtain
and store the value of the property like this:

string strTitle = Console.Title;

Or, you can pass Console.Title to WriteLine to display the value of the
property:

Console.WriteLine(Console.Title);

If you put this code at the top of Limerick.cs, it will display the same title
as displayed in the titlebar of the console window in which Limerick
runs.

The Title propertyis a | ssettaldle, 6 which means you can put the fol  low-
ing statement in Limerick.cs:

Console.Title = "Limerick";

This title will then appear at the top of the console window. (However, if

youdre compiling and r unni thegitleavil onlybe c o mmand
changed for the duration the program is running , Which is a very short

time . You might wantto puta  Console.ReadLine call at the bottom of the

program to actually see the new title take effect.)

As you can see, the syntax involvedi n getting and setting Title makes it
|l ook | i ke a field. But 1itds notertdinyat si mpl e.
resemble fields in use , properties are actually implemented with code.

There is actual code being executed when you obtain or set a property.

If you insert statements to access and change  Title in the Limerick pro -
gram, and then you | ook at the executable with  the IL Disassembler,
youdl | Jigeehastntagically changed to the method calls get_Title
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and set_Title. Although properties have the syntax of fields, they are
implemented inthe Console class as methods.

The Console class also defines properties named BackgroundColor and

ForegroundColor . These two properties are also get table and settable, but

the type of the propertiesis  ConsoleColor. What on earth is ConsoleColor ?

If you look a little further in the System namespace documention, you

willindeed seea page entitled o0Consol eColor Enumer

ConsoleColor is an enumeration, which means that it has a collection of
members that have be en associated with integers.  In C#, enumerations
are strongly typed, and the enumeration member has to be prefaced with

the enumeration name. Her eds h o wBackyound artd Fordr e
ground colors in a program

Console.Background Color = ConsoleColor.Yellow;
Console.Foreground Color = ConsoleColor.Blue;

Using enumerations in C#1i  nvolve s a little more typing than you may be
accustomed to, but there is very little room for confusion or blunders .

If you putth ose Background and Foreground statements at the top of

Limerick. cs, the results wondét be very attract.i
acters displayed by the program will be rendered with these new colors.

After setting the colors, you probably want to clear the console screen

with a call to the static method

Console.Clea r();

The Limerick.cs file terminatesréveng | ine w
d&nd, which denote a carri agred rvedruksn bay di tl 9 enle
skipto the nextline ,buta &r 8 by itself causes the next |
the terminated line. As  you might know, the next  -line character varies by

the operating system platform, and if you really =~ want to help your pro -

grams achieve some kind of platform independence, you might consider

using instead the static property Environment.NewLine . That siatic t he
NewLine property inthe Environment class, which is also part of the

System namespace. This property is intended to be appropriate for the

particular environment on which the program is running.

The Environment.NewLine property is documented in C#  syntax like this:
public static string NewLine { get;}

The type is string , but the property is get only. You cannot set the
Environment.NewLine pr oper ty. owlyeumgll sse ihin
Limerick.cs:

"There once w as a coder named Otto "+ Environment.NewLine +

Thatdos not exactly a pleasant solution I f yo
Instead, you might begin by defining a local variable just for the new -line
sequence:
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string NL = Environment.NewLine;

Or you might define  NL as a field if you need it in more than one method.
Either way y ou canthen referto NL atthe end of each line:

"There once w as a coder named Otto "+ NL +
Much better!

C# also defines a char type fo r storing a single 16 -bit Unicode character.
But strictly speaking,  char is not a numeric type as itis in C and C++.

There is no such thing as a signed char or an unsigned char. A character
literal is defined with single quotation marks, and all the escap e
sequences shown earlier in this chapter are valid:

char chBackSlash =" \\";

You can concatenate char variables with string variables or literal strings:
string strDirectory = "C:" + chBackSlash + "Windows";

You can also concatenate strings and integers. Herebds an exampl e:
Console.WriteLine("Schubert was " + 31 + " when he died.");

That will display as:

Schubert was 31 when he died.

What s goi ng on b édre isattudlyadit nsore évolres
than you might i magi ne, butthelsecektgustddat want t o

As in C and C++, the basic integral data type in C# is the int. You can
declare and initialize an  int like this:

int age = 31,
You can then concatenate that variable with the string:
Console.WriteLine("Schubert was " + age + " when he died.");

The result is the same as before. You might try performing a calculation
in the Console.WriteLine statement using the years in which Schubert
was born and died:

Console.WriteLine("Schubert was " + 1828 - 1797 + " when he died.");

This will not work. C# (like C and C++) evaluates additive operators like

plus and minus from left to right. The first plus sign causes the number

1828 to be concatenated to the string 0Schub
0Schubert was 18280. Then thar@dsaapmomiusmsi
because we now have a string minus a number.

A simple set of parentheses around the calculation will help:
Console.WriteLine("Schubert was " + (1828 Z 1797) + " when he died.");

The subtraction is now performed first and the result is conc atenated
with the strings. You can even start with the number, as in this variation
in Yoda syntax:
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Console.WriteLine(31 + " when he died Schubert was K

This will work as well:
Console.WriteLine(1828 Z 1797 + " when he died Schubert was )

Asin C and C ++, the standard floating -point data type in C# is the
double . Hereds a decl ardeuble,sandd statemeritthad | | z e d
displays the value:

double onethird =1/ 3.0;
Console.WriteLine("One divided by three equals " + onethird);

As youdl |l xportees sitchre tehat 06 s @rethirdtisonott he vari

written as 1 divided by 3. Like C and C++, C# interprets numeric literals

without decimal points as integers, and integer division is performed with
truncation, so the result would be zero. Expressing on e of the two num -
bers as a floating -point literal causes the other to be converted to floating
point for the division. The  WriteLine statement displays:

One divided by three equals 0.333333333333333

The Math class is the System namespace contains a collect ion of static
methods that mostly perform logarithmic and trigonometric calculations.

The Math class also contains two constant fields named Pland E, which
are of type double. Hereds a st MatleRhent wusing

Console.WriteLine("A circle's circumference d ivided by its diameter is "
+ Math.PlI);

That statement displays:
A circle's circumference divided by its diameter is 3.14159265358979

| 8 m s war semet plogrammers want to know: How does C# store
strings? Are strings terminated with zero characters as they are in C and
C++, or something else? And the answer is: Something else.

The string keyword is C# is actually an alias for a class in the System
namespace named String . Notice the difference in case: The C# keyword

is string but the clas sis String . In any C# program, you can replace the

word string with System.String and the program will  be exactly the same:

System.String str = "Just a string";

If you have a using directive for the System namespace, you can replace
string with String and use the two forms interchangeably:

String str = "Another string";

What you cannot do is refer to the System.string class (notice the lower -
case string ):

3UOOGAI + OOOET ¢ 0060 » v.10 A xiI OEAAT A OOOET CYK
Because string is an alias for System.String , that translates as  System. -
System.String , which does not exist.
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Similarly, the char data type is an alias for the structure System.Char
and the int data type is an alias for the structure System.Int32 , and
double is an alias for System.Double . As Jeffrey Richter points out (CLR

viaC#,page 119), i tds as 1 f every @3ihg girecivgsr a m

like the following:

using string = System.String;
using char = System.Char;
using int = System.Int32;

using double = System.Double;

And so forth. (Ther e are more basic data types than just these four .)

The more profound repercussion is this: Any string variable can also be

cont a

ter med oO0an o bStriegcdt oa f otaynp @ n sStriaghclea 0. d hAend

th e String class itself provides many goodies. As you exp lore the docu -

ment ation of the String classyoudé 1 | di scover many met hods

familiar names: Substring , LastindexOf , ToLower, ToUpper, and many
more. All these methods perform various manipulations of strings.

The String class also has two importan  t properties. The Length property
is defined like so:

public int Length { get;}

This property is of type int, and it is get -only. But the big difference
comparedwit h t he other properties youobdve
the static keyword. Length is not a static property of the String class.
Length is, instead, an instance property, which means that it applies to a
particular string variable rather than tothe  String class. In the big
scheme of things, instance properties (and instance methods) are much

more common than static properties and static methods A so much so

that properties and methods are instance by default.

You donot plemgth propertytwithe he String class name. You
dondt use t h etrirgkengthe.Vhdt apuld that possibly mean?
Instead, you use the Length property with an instance of the String
classfi what we have been casually calling a string variable:

string strMyString = "This is m y string";
Console.WriteLine(strMyString.Length);

The expression strMyString.Length returns the length of the string, in
this case the number 17.

Length does not return information about the ice cream dispenser that is
the String class. Length measures th e size of an individual sundae.

You can also apply the Length property to a string literal:

"This is a string literal".Length

That expression has a value of 24.
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The String class has two properties, and the other property seemsto be

named Chars. Indeed, in some programming languages you might

actually use that property name. However, in the C# representation of

the Chars pr operty decl aration, youdll see the

public char this [int index]{ get;}

The word Chars does not appear in this declaration. Instead, we see a

property that seems to have a name of this, and the prope rty is of type

char. But this is actually a C# keyword, andi nthiscontexti t 6s a r at her
special syntax. This declaration defines an indexer for the String class,

which indicates that you can use square brackets to index a string

variable and obtain its ¢ haracters. For example, the expression

strMyString[0]

returns the first character of the strMyString , which, as defined above is
the character o6TO0.

The syntax is the same as indexing a C or C++ array (and actually the

same as indexing an array in C#). Ind exing begins at 0, so the expression
strMyString[5] isthe6tchar acter of the string, or
string literals:

(@)

"This is a string literal"[15]

That ds t he cThaindaxcanaange &rgmd0.to one less than the
Length property of thestring Her ef&s a | ittle program that
the Length and indexer properties.

StringProperties.cs
1
/I StringProperties.cs (c) 2006 by Charles Petzold

e
using System;

class StringProperties

{

static void Main()
{
Console.Write("Enter some text: ");
string strEntered = Console.ReadLine();
Console.WriteLine();
Console.WriteLine("The text you entered has " + st rEntered.Length +
" characters");
Console.WriteLine("The first character is " + strEntered[0]);
Console.WriteLine("The last character is " +
strEntered[strEntered.Length - 1));
Console.WriteLine();

}

Of course, be causeyouare an i nquisitive person, youodl/l
happens when you press the Enter key without typing any text at all. The
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Console.ReadLine method returns an empty string in that case, the

Length property of an empty string is 0, but the first indexer , which is

strEntered[0] ,has a | ittle problem because thereos
return. Youdll probably get a dialog box inf
then some text in the console window tha t begins like this:

Unhandled Exception: System.IndexOutOfRangeException: Index was outside
the bounds of the array.

The fully -qualified StringProperties.cs filename will also be displayed in

this message , and a line number  where the problem occurred . That line

number might be exact i f youdoretmghampi | i ng i n
only refer to the method in which it occurred.

At any rate, the program gracefully terminat
a bunch of funny characters to the screen, or bring down Wi ndows along

with it. Notice thatthe message says oUnhandl ed Exception, O

i mplies that thereds a way for you, the prog
handl es this problem without terminating the

handle exceptions in Chapter 12.) IndexOutOfRange Exception is a class

inthe Systemnamespace, and itds one of several cl
of exceptions a program might encounter. | O 1
to refer to common exceptions.
The except ion message indicatesthatt he o0l ndex was outside the
of the array, 6 and that mi gting repllyjosbgmt you t o
array of characters? Definit  ely not in the same sense that C and C++
strings are arrays of characters. The big differen ce is implied in the
definition of the indexer:

public char this [int index]{ get;}
This property is get-only. Code like this is simply not allowed:

strMyString[5] = 'a’; /I Can't do it!
Once a string is created, you candt change t
is there any method inthe  String class that can change the chara  cters of
the string. The string is said to be immutable .

What does this mean? W ell, w hat it certainly does not imply isa prohibit -
tion against setting a string variable to another string. This code is per -
fectly legal:

string str = "first string";
str=" second string";

But t hat d&s onlyenay ybuycantchamrege the contents of a string
variable. You have to set the variable to a different string rather than
changing the characters of the existing string.

Because strings are immutable, ¢ ertain operation s common in C and C++
are no longer possible in C#.  For example, Microsoft C and C++ include a

Version 1.1 Page 36


ms-help://MS.MSSDK.1033/MS.NETFX30SDK.1033/cpref7/html/T_System_Char.htm
ms-help://MS.MSSDK.1033/MS.NETFX30SDK.1033/cpref7/html/T_System_Int32.htm

.NET Book Zero Charles Petzold

library function named  _strupr that converts a string to uppercase. | nacC
program, i f pMyCString is a pointerto char oranarrayof char, youdd use
_strupr lik e this:

_strupr( pMyCString);
The _strupr function takes each character in pMyCString and converts it
to upper -case and stores it back in the same place. The _strupr function

returns a pointer to the converted string, ©b
passed to the function.

The equivalent method of the  String class is ToUpper. But for a string

instance named strMyCSharpString you candét just <call the me
OO00- U#3EAODP3OOET Ct 41 5PPA0Os &K Yy 71T RO Ai AT UOE
Syntactically, this statement is valid, but it has no effect on the strMy -

CSharpString variable. Strings are immutable and hence the characters

of strMyCSharpString candét be a lToUpperndethodhdiually
creates a new string. You need to assign the return value of ToUpper to a
string variable:

string strMyUpperCaseString = strMyCSharpString. ToUpper();

Or you could assign the return value to the same string variable:
strMyCSharpString = strMyCSharpString. ToUpper();
In the second case, the original string (the one containing lowercase
letters)stil |  exi sts, but since itds probably no |
in the program, it becomes eligible for garbage collection .
So, suppose you have a string defined like so
string str = "abcdifg";
and you want to change the fiftyhwow haam@tt er t
do it this way:
str[4] ="'e'; // Won 't work!
The indexer is get -only. So how do you do it? There are a couple possible

approaches , which you can dig up by searching through the String
documentation . The method call

str = str.Replace('i', 'e") ;

A

returnsastringwhere allt he occurrences of 6i &6 have bee
6ed . Noti ce t he Repedeismagssigneditd theesamer o m

varaiable that went into the method. Alternatively, you can first call

Remove to create a new string with one or more characters removed at a

specified index with a specified length. For example, the call

str = str.Remove(4, 1);

removes one character at the fourth position
Insert to insert a new string, which in this case is a single char acter:
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str = str.Insert(4, "e");

Or you can do both jobs in one statement:

str = str.Remove(4, 1).Insert(4, "e");

Despite the use of a single  string variable named str, the two method
calls in this last statement create two additional strings, and the quot ed
0elis yet another string.

Or you can patch together a new string from substrings:
str = str.Substring(0, 4) + "e" + str.Substring(5);

Now that | have you looking through the documentation for the String

class, youdll notice itd i0oBdclrudchegs Consecactuicarmrl
Constructors serve to  create and initialize objects. In use, a constructor

requires the keyword new followed by the class name itself and possible

arguments i n par ent he adeslaratibhefrae dtring variable that

uses one of the constructors defined by the String class:

string strAtSigns = new string('@', 15);

You can use either the lowercase  string keyword or the uppercase  String
class when calling a constructor. This particular constructor is defined

with a char as the first parameter and an int as the second parameter. It
creates a string containing 15 occurrences of the @ character, which is
enough for a charm bracelet:

@EQQPPOQREEPEQQ@EP@

Many of the string constructors create strings based on pointers, but one
handy one creat es a string from an array of characters. This constructor
suggests yet another approach to replacing a character in a particular
string. You can convert the string into a character array, set the
appropriate element of the array, and then construct a new s tri ng based
on the character array. In C#, array variables are declared by following
the type of the array with empty double brackets:

char[] buffer = str.ToCharArray();

buffer[4] = 'e";

str = new string(buffer);

That array syntax may seem a little strange to the C and C++

programmer, but I 6l discuss it in detail i n
As | dve meusttas sirimge @ an aljas for the System.String class,

the char, int, and double keywords in C# are also aliases . But these are

not aliases for classes inthe System namespace . l nstead, theydre a

for structures .

The difference between classes and structures will become more appar -

entin later chapters. But in many ways classes and structures are

similar,and i nst ead of s ayinnwa roitahl Iseay iGstegpdoy u

say Ot his i s anlint82nssttramnccteuaraehdi tschre s an obj ect ¢
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Int326 ot hi s Int323 odpect. 6 It makes the humble th
a little bit more important.

Al t hough you wamsiuttors diged ia thegdocumen tation for
the Int32 and Double structures, both structures have default parameter -
less constructors that return zero values of the object. So, instead of
initializing an  int like this

int index = 0;
you can do it like this:

int index = new int();

Or this:

System.Int32 index = new int();
Or this:

int index = new System.Int32();

Or, if you have a using directive for the System namespace, like this:
INt32 index = new Int32();

Or any other combination. All those declarations are equivalent.
Beginning in .NET 2 .0, you can also use the default keyword to obtain
the default value of an  int:

int index = default(int);

As you saw in the documentation of the String class, there seems to be
lots of good reasons why th e string data type is an alias for a class. But is
there any reason thatthe int and double types are aliases for the  Int32
and Double structures?

Oh, yes. Both structures  have instance methods named  ToString that
convert the object to a string. In fact, every single class and structure in

the .NET Framewor ki including those that you will create yourself A has
an instance method named  ToString . This is because the System.Object
class (also known by its C# alias  object) defines a method named

ToString . The System.Object class is the grand matriarch of every .NET

class and structure, and they all inherit this wonderful ToString method,
and many classes and structures tailor ToString to their own require -
ments.

Consider the following code:
inti=>55;
string str = i.ToString();

The ToString method converts the int variable to a string , which in this
case i s t he.Ysucanievegapgly> JaString to a integer literal:

12345.ToString()
That ToStringcal | returns the string 0123450.
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And this is how the concatenation of string objects with non -string
objects works . If a string variable or literal is on either side of a plus sign,

and if a non -string is on the other side, then the non -string object is con -
vertedto a string by acalltoits ToString method. It works every time!

Earlier | showed how to use the stati ¢ NewLine property from the

Environment class. The Environment class has some other goodies that

can give your program information about the
runni ng. Hereds a program that shows just a

ShowEnvi ronmentStuff.cs
I
/I ShowEnvironmentStuff.cs (c) 2006 by Charles Petzold
1
using System;

class ShowEnvironmentStuff

{
static void Main()
{
Console.Wr iteLine("My Documents is actually "+
Environment.GetFolderPath(Environment.SpecialFolder.MyDocuments));
Console.WriteLine();
int msec = Environment.TickCount;
Console.WriteLine("Windows has been running for " +
msec + " milliseconds");
Console.WriteLine("  \tor " + msec / 3600000.0 + " hours");
Console.WriteLine();
Console.WriteLine("You are running " + Environment.OSVersion);
Console.WriteLine("  \tand .NET version " + Environment.Version);
Console.WriteLine();
}
}
The program begins by obtaining the actual directory referred to as My

Documents . This is available through a static Environment.GetFolderPath
method, which returns a  string . The argumentisa member of the
Special Folder enumeration, but the  SpecialFolder enumeration is actually
defined within the  Environment class, which is why the lengthy member
name is Environment.SpecialFolder.MyDocuments

The static Environment.TickCount property returns an int indicating the
the number of milliseconds that the current Windows session has been
running. One WriteLine call in the program displays this value directly
while t he other divides it by 3600000.0 to get the floating -point value in
hours.

When I ran this program under Windows XP , the first two sections of the
program displayed the following information:

My Documents is actually C :\ Documents and Settings \ Charles \ My Documents
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Windows has been running for 16729593 milliseconds
or 4.647109166666 67 hours

When | ran the program under a Windows Vista partition, the first item
displayed as:

My Documents is actually H: \ Users\ Charles \ Documents

The last section of the pro gram displays two static properties named
Environment.OSVersion and Environment.Ver sion. The Version property is
documented as returning an object of type Version, which is a class de -
fined in the System namespace. It may be a bit confusing that a property
named Version returns an object of type  Version, but that nam ing con -
vention is q uite common in .NET.

The Version class (also defined inthe System namespace) has four

crucial int properties named Major, Minor, Build , and Revision. The
ToString method defined by the  Version class nicely displays these fo ur
numbers separated by periods, j ust as wedve wersibe t O
num bers to be displayed

The Environment.OSVersion property returns an object of type Operating -
System. The crucial properties of the OperatingSystem class are Platform
(which is a member of the  PlatformID enumeration ), Version (which is an
object of type Version), and ServicePack, which is a string. Again, the
ToString method nicely renders this information in a readable form, SO
that the last section of the ShowEnvironmentStuff program displays the
information (when | ran it under Windows XP)

You are running Microsoft Windows NT 5.1.2600 Service Pack 2
and .NET version 2.0.50727.42

Under Windows Vista, the program reported:

You are running Microsoft Windows NT 6.0.6000
and .NET version 2.0.50727.312

If you want to be a little more explicit about the object s return ed from the
OSVersion and Version properties, you can do this:

Version vers = Environment.Version;

OperatingSystem opsys = Environment.OSVersion;

Console.WriteLine("You are running " + opsys);
Console.WriteLine("  \tand .NET version " + vers );

Here, vers is declared as an object of type  Version, and opsys is declared
as an object of type OperatingSystem , which are the types of the objects
returned from Envionment.Version and Environment.OSVersion .

Learning about C# generally begins with the static Main method and
static methods of the  Console class, but static methods  and properties
are generally the exception rather than the rule. In general, a program

deals with instances of classes and structur es.
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The only reason Console is entirely static is because to any application,

there is only one Console. If an application could create multiple con -
soles, then the Console class would have a constructor that returned an
instance of the Console class, and WriteLine would be an instance

met hod. Yo u dWlritelpne evitheodeeof the instances of the Console
class to indicate on which console you want to display the text.

Environment , also, is a collection of static methods and properties be -
cause to any ap plication, there is only one operating system environ ment
and machine on whi (Hdowever tiegpropenties ofi rEgviron -
ment return instances of other classes.)

In .NET 1.0, itwas actually possible to create instances of the  Console
and Environm ent classes using a new expression like this:

Console cons = new Console(); // Doesn ' t work any more.

But that no longer works. Both Console and Environment contain nothing
but static methods and properties so the class definitions themselves
also conta in the static keyword:

public static class Console

{

}

Because you candt cr e aComsolaml da f1ss,t aynaxce
the ToString method in Console because ToString is always an instance
method.

Although the Int32 and Double structures are primarily for working with
int, and double instances, these structures also have some static mem -
bers. In particular, these structures have static methods named Parse
that convert strings into numbers.

The static Int32.Parse method accepts a string argument and returns an
object of type Int32 . The Parse method is pretty much the opposite of
ToString . As you know by now, ToString is an instance method because it
applies to a particular integer . You must have an integer i either a
variable or a literal or p  erhaps the return value of a method fi to call the
ToString method of the Int32 struture:

inti=275;

string str = i.ToString();

Int32. Parse is a static method . You use this method by specifying the

wdadn d&th ec

Int32 structure to the | eft of t tedtohagetah od n ame.

integer around to call  Int32.Parse . The method creates an integer for you:

string str = "275";
int i = Int32.Parse(str);

Because int is an alias for System.Int32 , you can actually call Parse like
this:
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int i = int.Parse(str);

Al t h o u g lerfectly Iégal, it gure looks peculiar. | prefer using the
actual class or structure name when calling static methods.

The System.Double structure has a static method named Parse as well,
and the Parse methods in both structures have overloads that accept a
member of the NumberStyles enumeration to govern the type of input

Parse will accept.

Her eds a tpat asgsr Double.Parse with a static method from the
all -static Math class to calculate powers.

Exponentiation.cs

Hommmemmme e eeeeees e
/I Exponentiation.cs (c) 2006 by Charles Petzold

I
using System;

class Exponentiation

{

static void Main()

{

Console.Write("Enter the base: ");
double number = Double.Par  se(Console.ReadLine());

Console.Write("Enter the power: ");
double power = Double.Parse(Console.ReadLine());

Console.WriteLine(number + " to the " + power + " power equals " +
Math.Pow(number, power));

}

Notice that in both cases the argument to Double.Parse is a call to
Console.ReadLine , which returns a  string thatis then passed tothe Parse
method.

If you type something in that Parsecandt handl e Formab-udl | get a
Exception . You can either tra p that exception, or you can use an

alternative method named TryParse t hat doesndt raise an exce
improperinput. (I 61 |  dathsapproaches in Chapter 12.)

Some of the common classes and structures defined in the . NET Frame -
work define multiple versions of the  ToString method. The Double
structure, for example, defines four different ToString methods:

string ToString()

string ToString(string format)

string ToString(IFormatProvider provider)
string ToString(string fo rmat, IFormatProvider provider)

The second version of the ToString method allows you to use a  formatting
string that consists of a letter optionally followed by a number. For
example, if num is a variable of type double, then
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num.ToString("F3");

displays num i n 0 fpioxi end 0 with thred decimal places. The
following program demonstrates ~ some of the options you have in
displaying numbers.

NumericFormatting.cs
I
/I NumericFormatting.cs (c) 2006 by Charle s Petzold
1
using System;

class NumericFormatting

{

static void Main()

{
Console.WriteLine("Currency C3: " + Math.P1.ToString("C3"));
Console.WriteLine("Exponential E3: " + Math .Pl.ToString("E3"));
Console.WriteLine("Fixed - Point F3: " + Math.P1.ToString("F3"));
Console.WriteLine("General  G3: " + Math.Pl.ToString("G3"));
Console.WriteLine("Number  N3: " + Math.PI.ToString("N3"));
Console.Wri teLine("Percent P3:" + Math.Pl.ToString("P3"));
Console.WriteLine("Round - Trip R3: " + Math.Pl.ToString("R3"));
Console.WriteLine();
Console.WriteLine("Fixed - Point F3: " + 12345678.9.ToString("F3"));
Console.WriteLine("  General G3:" + 12345678.9.ToString("G3");
Console.WriteLine("Number  N3: " + 12345678.9.ToString("N3"));
Console.WriteLine();
Console.WriteLine("Decimal D3: " + 55.ToString("D3"));
Console.WriteLine("General G3: " + 55.ToString("G3"));
Console.WriteLine("Hexadecimal X3: " + 55.ToString("X3"));

}

}

The first seven statements display 6 and the
when you run this program with your region set to the United States :

Currency C3: $3.142

Exponential E3: 3.142E+000

Fixed - Point F3: 3.142

General G3:3.14

Number  N3:3.142

Percent P3:314.159 %

Round Trip R3: 3.1415926535897931

In many cases, the number  you provide in the formatting string indicates
the number of decim al places. The exception is General formatting, in
which case the number indicates the total number of digits display ed.

General format ting will use either Exponential or Fixed -Point formatting,
depending which one is most economical for the particular nu mber. If
you use the parameterless version  of ToString, it i s equi valent to

As you can see , the Round -Trip formatting ignores the number in the
formatting string, and creates a string that can be passed to Parse to get
the original number back.
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The ne xt three statements  in the program show what happens with a
number with more digits to the left of the decimal point:
Fixed - Point F3: 12345678.900

General G3:1.23E+07
Number N3: 12,345,678.900

In this case, General formatting uses the Exponential format because it
more economical. The Number formatting string inserts commas as
thousands separators (or whatever is regionally appropriate).

Two of the formatting options i Decimal and Hexadecimal fi are for use
only with integers. Both insert zeros to th e left of the number if necessary
to make it as wide as the number you specify in the formatting string:

Decimal D3: 055

General G3:55
Hexadecimal X3: 037

|l f you change the number following the D or
happy to note that no actual digits are stripped from the result.

If you go into the Control Panel and invoke the Regional and Language

Options applet, you can change some settings A for example, the currency

symbol and the thousands separator i that affect how ToString displays

the number. By default,  ToString uses the regional settings , but this

behavior may be undesirable in some cases. Yo u might want to display

currency in dollars or euros regardless of t he userdés regional s

This option is made possible by the third and fourth overload s of the
ToString method , which have the following syntax:

string ToString(IFormatProvider provider)
string ToString(string format, IFormatProvider provider)

If you look in the documentation of the Systemnamespace, youdl |l fi
IFormatProv ider is identified as an interface . (By convention, all inter -

faces in the .NET Framework begin with the capital letter I.) Youdl |l al so

see that IFormatProvider has one method defined, which is named

GetFormat.

Interfaces contain no code of their own. So mewhere within the source
code for the .NET Framework, IFormatProvider is probably defined in its
entirety like this:

public interface IFormatProvider
{
}

What actually must be passed to the ToString method is an inst ance of a
class that implements the IFormatProvider interface, and by thatit is
meant that the class contains a method named GetFormat defined in the

object GetFormat(Type formatType);
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same way as the signature in  IFormatProvider , but which has actual
code.

For the job of formatting number s, the relevant class that implements

the IFormatProvider interface is named NumberFormatinfo , and 1t 0s

defined in the System.Globalization namespace. To refer to the Number -
Formatinfocl ass i n your program, youdll either n
name wi th System.Globalization , or provide a using directive for System. -
Globalization . (1 61 I assume the | atter.)

To customize the formatting of numbers by ToString, you need an
instance of the NumberFormatinfo class. If you look at the properties of
thisclass, you o6l | s e eCursehcySlyniboll, ClkrencyDecimal -
Separator , and PercentSymbol . All these properties are settable and
gettable. This means that you can create an object of type Number -
Format Info, set the properties to whatever you want, and then pass that
objectto ToString to get the desired result.

You can create an object of type  NumberFormatinfo using the parameter -
less constructor defined by the class:

NumberFormatinfo info = new NumberFormatinfo();

You can then set some of the properties like so:

info.CurrencySymbol ="\ x20AC";
info.CurrencyPositivePattern = 3;
info.CurrencyNegativePattern = 8;

The Unicode character 0x20AC is the symbol for the Euro. If you look at

the documentation of  CurrencyPositivePattern , youdl | see that a v
means th at the currency symbol is  to be displayed after the number and

separated by a space. A CurrencyNegativePattern of 8 means that the

symbol will appear in the same place for negative numbers, but a

negative sign will appear in front of the number.

There are other ways to get instances of the NumberFormatinfo class

with out explicitly using the constructor. The NumberFormatinfo class has
two static methods named  Currentinfo and Invariantinfo that return
instances of the NumberFormatinfo class.

It might sound a little peculiar that static methods of a class return
instances of theclass, but i1 tds perfectly | egitimate. He
might look like:

NumberFormatInfo info = NumberFormatinfo.Currentinfo;

Currentinfo is a static property of the ~ NumberFormat Info class, so it must
be prefaced with the name of the class . Itis get -only, and it returns an
object of type NumberFormatinfo , which you can then save in a variable

of type NumberFormatinfo . The code for the Currentinfo property
obviously invokes the  NumberFormatinfo constructor to create an
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instance of the class. Then it sets a bunch of instance properties on the
object.

The static NumberFormatinfo.Currentinfo  property returnsa  Number -
Formatinfo object with setting s that are applicable for your particu lar
culture as youdve indicated in the Control F

Similarly, the static  NumberFormatinfo.Invariantinfo ~ property returns an

instance of NumberFormatinfo i ni ti al i zed with oinvarianto
settings that do not depend on any particular cultur e, and which will be

the same regardless of the machine on which the program is running.

The NumberFormatinfo constructor creates a NumberFormatinfo instance
initialized with invariant information. It is quite likely that the static

Number Formatinfo.Invar iantinfo property is implemented by a simple call

to the constructor.

If you want to call ToString with an object of type = NumberFormatinfo , you
can simply pass NumberFormatinfo.Invariantinfo  or NumberFormat -
Info.Currentinfo directly to the ToString method. (If you use a simpler

form of ToString, NumberFormatinfo.Currentinfo  is used by default.)

The following program displays a number in a currency format with
NumberFormatinfo.Invarientinfo  (which uses a currency symbol of =),

NumberFormatinfo.Currentinfo  (whi ch wi | | use the currency ¢
indicated in the Control Panel), and a custom version that displays the
Euro symbol (which, unfortunately, does not render on the console and

shows up as a question mark ).

CurrencyFormatting.cs

/I CurrencyFormatting.cs (c) 2006 by Charles Petzold
1
using System;

using System.Globalization;

class CurrencyFormatting

{

static void Main()
double mo ney = 1234567.89;

Console.WriteLine("Invariantinfo: " +
money.ToString("C", NumberFormatinfo.Invariantinfo));

Console.WriteLine("Currentinfo: " +
money.ToString("C", NumberFormatinfo.Currentinfo));

NumberFormatinfo info = new NumberFormatinfo();
info.CurrencySymbol =" \ x20AC";
info.CurrencyPositivePattern = 3;
info.CurrencyNegativePattern = 8;
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Console.WriteLine("Custom Info: " + money.ToString("C", info));

}
Notice the using directive for the System.Globalization

I know you really, real ly

namespace.

want t o see

basic logic into a small Windows Forms program. For this next project,
youdl | adeardferanae of System. Windows.Forms. dll.

CurrencyFormattingMessageBox.cs
I
/I CurrencyFormattingMessageBox.cs (c) 2006 by Charles Petzold
1
using System;

using System.Globalization;
using System.Windows.Forms;

class CurrencyFormatting

{

static void Main()

double money = 1234567.89;
string strDisplay;

strDisplay = "Invariantinfo: " +

money.ToString("C", Number  Formatinfo.Invariantinfo) +

Environment.NewLine;

strDisplay += "Currentinfo: " +
money.ToString("C", NumberFormatinfo.Currentinfo) +
Environment.NewLine;

NumberFormatinfo info = new NumberForma  tinfo();
info.CurrencySymbol =" \ X20AC";
info.CurrencyPositivePattern = 3;
info.CurrencyNegativePattern = 8;

strDisplay += "Custom Info: " + money.ToString("C", info);

MessageBox.Show(strDisplay, "Currency Formatti ng");

}

Notice the using directive for System.Windows.Forms .

the strDisplay variable appears three times on the left of

In this program,
assignment and

compound assignment statements, and becomes the first argument to

the MessageBox.Show static metho d.

ToString is certainly a powerful tool for formatting . But in general
practice a somewhat different approachis used thatis very similar to the
C and C++ printf function. The firstargumentto  Console.WriteLine is a
formatting string, and subsequent arg uments are the items to be

displayed. For example:
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Console.WriteLine("{0} times {1} equals {2}", A, B, A * B);

In the formatting string,t  he numbers surrounded by curly brackets are

placeholders. The numbers correspond to the subsequent arguments,

where 0 is the first of the subsequent arguments, 1 is the second, and so

forth. The placehol der numbers in the for mat
in numeric order:

Console.WriteLine("{2} equals {0} times {1}", A, B, A * B);

You can repeat a particular placeholder number:
Console.WriteLine("{0} times {0} equals {1}", A, A * A);

You can skip placeholder numbers. In the following case, the variables C,

D,and Eare ignored and dondt get displ ayed:
Console.WriteLine("{1} times {2} equals {4}", C, A, B, D, A * B, E);

The only restriction is that the number of subsequent arguments must
be greater than the highest placeholder number.

If you need to display curly braces within the formatting string, use a
pair of curly braces: {{ or }} will be interpreted as a displayable symbol.

To control the formatting of the individual arguments, you follow the
placeholder number with a colon and the same formatting string you
would pass to the ToString method:

Console.WriteLine("{0:N2} times {1:N2} equals {2:N4}", A, B, A * B);
Basical ly, this statement is equivalent to:

Console.WriteLine(A.ToString("N2") + " times " + B.ToString("N2") +
"equals " + (A * B).ToString("N4"));
You can also control the width of the field allowed for the string returned
from ToString. You do this by following the placeholder number with a
comma and a field width in characters:

Console.WriteLine("{0,5:N2} times {1,5:N2} equals {2,10:N4}",
A B, A*B);

What youdre i ndi mamumnfgi enled ewiidt m. The met hod
truncate the result of  ToString . In this example, A and B will be displayed

in a field of at least 5 characters width, and the product with 10

characters width. The number is right justified in the field, and spaces

are used to pad to the left. For left ju stification, use a negative field

width:
Console.WriteLine(*{0, -5:N2} times {1, -5:N2}equals {2, -10:N4}"
A, B, A*B),
These field widths are useful for aligning numbers in columns when

displaying multiple rows.

As youdve Tosrag methods ef the individual classes and
structures are responsible for the bulk of the formatting job. The rest of
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it i sndt r e alCobngolehVateLohé .aNthenlygu use a formatting
string, Console.WriteLine just hands the job over to another stati C
method named String.Format . If Console.WriteLine is the C# version of
printf , then String.Format is the C# version of  sprintf .

So, even if you never write another console program for the rest of your
life, you probably will still make use of String.Forma t for format ting
objects for display.
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Chapter 6. Primitive Data Types

As youdve seenda@typesa pipny dha, int, and double.
This chapter takes a more methodical approach to these and the other
primitive dataty pes supported by C# and the CLR.

Integers

Like C and C++, C# supports integral data types named short, int, and
long. But almost immediately, the differences between C/C++ and C#

start to become apparent. The C and C++ standards impose minimum  bit
widths f or the three integral data types, but C# fixes them precisely. The

C# short is always 16 bits wide, the  int is 32 bits wide, and the  long is 64
bits wide.

The short, int,and longar e signed integers stored in st
complement format. The short can range in value from -32,768 through

32,767, the int from -2,147,483,648 through 2,147,483,64 7, and the

long from -9,223,372,036,854,775,808 to 9,223,372,036,854,775,807.

Within a method like  Main, you can declare an int named i (for example)
with the de claration statement:

inti;

This statement essentially allocates 4 bytes of space on the stack to store

the value of i. However, at this point, i is uninitialized, and any attempt
to refer to its value will provoke the C# compiler to report a problem. For
example, the C# compiler wondt allow this co

inti;
Console.WriteLine(i);
After i is declared, you can assign it a value:
i = 545;
Or, you can initialize i in its declaration statement:
int i = 545;
In either case, the number 545 is an integer literal t hat is normally

assumed to be of type int, except that the C# compiler will bend the rules
a bit if you assign the literal to a short, for example:

short s =545;

You can assign the value of an  int to a long:

long | =1i;
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This is known as an  implicit cast. The int is converted to a long without
difficulty. Similarly, you can assigna  short to an int or a long without a
cast. However, going the other way would be a problem because the
value of the long might exceed the capability of the int, so an explicit ca st
is required:

i=( int )

Al t hough ther eds o0 bwnithe pastitular eramplep r ,anbthee m
general case the value of the long would be truncated to fit in an int.

Similarly, you need an explicit cast to assign a long to a short, or an int to
a short.
C# also supports unsigned integral data types, but the word aunsigned 6

is not a keyword asitisin C and C++ . The three unsigned integral data
types are named ushort, uint, and ulong. The ushort ran ges in value from
0 through 65,535; the  uint from O through 4,294,967,295, and the ulong
from O through 18,446,744,073,709,551,615.

You can assign a ushort to a uint or a ulong without an explicit cast, or a

uint to a ulong without an explicit cast because nothing bad can ever

happen. You can also assigna  ushort to an int, or a uint to a long without
an explicit cast. Again, the recipient can accommodate all possible value S
of the source . But explicit casts are required anywhere the value may not
survive. For example, setting an int to a uint, ora uint to an int always
requires an explicit cast.

Numeric literals are generally assumed to be of type int, except if the
number is too big foran  int, in which case, the C# compiler assume S
(progressivel y) tumtglongjot dong.¥auican belmory e a
specific by applying a suffix of U or u (for unsigned) or L or | (for long) or a
combinationof U or uand L or I.

You can represent hexadecimal numbers by proceeding the digits with a
Ox or OX:

int hex = Ox4AbC;
You c expréss$ octal or binary litera Isin C#.

The long and ulong types are 64 -bits wide, the int and uint types are 32 -
bit wide, and the  short and ushort types are 16 -bit wide. C# also sup -
ports two 8 -bit integral types, but the naming convention is reversed. The
byte is an unsigned 8 -bitty pe capable of storing values from 0 through

255. The sbyte is the signed 8 -bit type capable of storing values from

-128 to 127.

Implicit casts are allowed  for converting byte to short, ushort, int, uint,
long, and ulong; and from sbyte to short, int, and long.

A program can also declare constants:

constinta=17;
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A data type must follow the  const keyword, and the constant must be
initialized in the declaration statement . You can declare a const either
locally to a method or as a field. If you declare a const as a field, do not
use the static keyword with const. Constants are implicitly static, that is,
they dondot wvary MNMathPl hekltsamcanst. The

Constants are sometimes  treated as variables that cannot be varied, but
they are actually quite different from variables. Constants do not occupy
storage during runtime.  They are always evaluated at compile time and
substituted into code. For example, if the const ant a has been defined as
shown above, the statement

intb=a +18;
is equivalent to:
intbh=17 + 18;
The initialized value of a  const must be available at compile time.

If a program divides an integer by zero, a DivideByZeroException will be
raised. If a program contains an expression that divides an integer by a
literal 0 ora const with avalue of 0,t he C# compiler is alert enough to
flag that as a compile error.

By default, no exception is raised when integer overflow or underflow
occurs. For example:

int i = 50000;

Console.WriteLine(i * i);
That statement will print the value -17949672 96 (and i f you dondt ki
why itds negative, you can r &€bde:iThet o Chapter
Hidden Language of Computer Hardware and Software or Chapter 8 of
Programming in the Key of C# ).
|l f youdd prefer that your i ntedomvrandari thmetic
underflow fi perhaps just during program development A you can set a
compiler switch. When compiling on the command line, use the switch:

/checked+
In Visual Studio, bring up Project Properties, select the Build tab, click
the Advanced button, and check the checkbox | abeled 0Check
metic overflow/underfl owé. Now any overfl ow
OverflowException .

You can also perform overflow/underflow checking on individual
expressions or groups of statement using the checked keyword. For
example, this statement performs checking on just one expression:

B = checked(5 * A);

If you have turned on overflow/underflow checking with the compiler
switch, you can turn it off for individual expressions with the unchecked
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keyword . Perhaps you need to k eep a particular expression unchecked
because you use overflow deliberately here:

B = unchecked(5 * A);
You can also perform overflow/underflow checking for a particular block
of statements:

checked

{
A +=1000000;

B=B*A
}

Similarly, you cant urn off checking for a particular block of statements.
Just keep in mind that the most efficient code is that in which overflow
and underflow are  not checked during runtime

Integers and the .NET Framework

The byte, sbyte, short, ushort, int, uint, long, and ulong keywords are
aliases for structures in the .NET Framework class library. For example,

if you look in the documentation of the Systemnamespace, youol |l

structure named  Int32 . This is the structure that corresponds to the
unsigned 32 -bit int. You can alternatively define an  int named i like this:

System.Int32 i;

Or, if you have a using directive for the System namespace, you can use
this:

Int32 i;

Anywhere you use int, you can alternatively use  System.Int32 or (if the
using directive exists) Int32 . Jeff Richter actually recommends that C#

programmers use the .NET structure names. (See CLR via C#, page 119))

As youdll discover, you sometimes need to re
name, and it helps i f youdve bestobegin accust on
with.

The following table shows the eight integral data types and their
corresponding structures in the .NET Framework:

C# Alias .NET Structure Description CLS Compliant?
sbyte System.SByte Signed 8 -bit integer No

byte System.Byte Unsigned 8 -bit in teger Yes

short System.Int16 Signed 16 -bit integer Yes

ushort System.UInt16 Unsigned 16 -bitinteger | No

int System.Int32 Signed 32 -bit integer Yes

uint System.UInt32 Unsigned 32 -bit integer No
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long System.Int64 Signed 64 -bit integer Yes
ulong System.U Int64 Unsigned 64 -bit integer No
I n the |l ast column |1 d6ve indicated if

with the Common Language Specification (CLS). The CLS specifies a
minimum standard for programming languages used in conjunction with
.NET. The CLS does not require programming languages to implement
signed 8 -bit integers, or unsigned 16, 32, or 64 bit integers. What this
means is that a particular programming language can be CLS compliant
without implementing these data types.

There is no reason wh vy
programs. However , if you are writing code for a dynamic link library,

then you should
or as parameters or
public properties . Methods in the DLL should not have

UInt32 data

Does defining these da ta types as structures in the .NET Framework offer

type.

any benefits?

Yes. The ToString method defined in the

you shoul dnot

certainly avoid
return values from public methods, or as

these data types to define public fields,
ty pes of

tailored for formatting integers, for example. Also, each

for the numeric data types defines

and MaxValue . The Intl6 structure defines

public const short MinValue =
public const short MaxValue = 32767;

- 32768;

us e

t hese

uint arguments or
return uint values because that would prohibit the method from being
used by a program written in a language that does not implement the

Int32 structure is particularly
of the structures
public const fields named MinValue

You can refer to these fields in your programs by prefacing them with the
Intl6 structure name:

Console.WriteL ine(Int16.MinValue);

Il f you

d i dusidgt dirdctivey fer tha System namespace, this state
ment would have to be:

System.Console.WriteLine(System.Int16.MinValue);

You can use

for System namesp ace. You can also preface the fields with the

alias:

the fully -qualified name even if you have a

Console.WriteLine(short.MinValue);

Boolean Data Types

C# defines a bool data type, which is an alias for the

equivalent to the C# keywords

Version 1.1

true and false.

System.Boolean
structure. A bool variable can have one of two possible values, which are

using directive
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One of the naming conventions that has emerged in the .NET Framework
is that Boolean methods and  properties often begin with the word  Is.
Local fields or variables might begin with a lower -case is, like so:

bool isGreatDay = true;

As youdll discover in the next chapter, seve
return bool values. These are the equality operators (== and !=) and the

relational operators (<, >, <=, and >=). You can use the logical operators

(&, |, and ) and  the conditional operators (&& and ||) with bool values.

The Boolean structure definesa  ToString method that displays the words
O0Truedalog e ®,FPase dhettiod that implements a case -insensitive
conversionof st rings of otr boel&alues. of al sed t o

Character and String Data Type

Like C and C++, C# defines a data type named char, but strictly speak -
ing, char is not an integral data type in C# . Although you can easily
convert between char and integral data types, there is no such thing as a
signed char or an unsigned char.

The char data type in C# is an alias for the System.Char structure. A
program can specify a single literal character using single quotation
marks:

char ch ="A’;
Converting a char variable to an integer requires casting:
inti=( char) ch;

In C# the char stores one Unicode character, which requires 16 bits.
Character variables thus have numeric valu es from 0x0000 to OxFFFF.

As with string literals,t  he backslash is an escape character. The
following declaration statement initialize s the character variable to the
Greek capitalomega ( N) :

charomega ="' \x03A9;

Or, you can cast anintegertoa  char:
char omega = (char) 0x03A9;

As you know, in C or C++, you can use functions declared in the ctype.h
header file to determine whether a pa  rticular character is a letter, num -
ber, control character, or whatever. In C#, you use static methods de -
fined in the Char structure: IsControl, IsSeparator , IsWhiteSpace , Is-
Punctuation , IsSymbol , IsDigit , IsNumber , IsLetter, IsUpper, IsLower , Is-
LetterOrDigit , IsSurrogate . These methods come in two versions, one

which has a single parameter of type char, and the other which accepts a
string and an index. The call

Char.IsControl(str[index]);
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is equivalent to:

Char.IsControl(str, index);
All these method r eturn bool values.

The string data type is an alias for the  System.String class. A string is a
consecutive collection of char objects. The Length property defined by the
String class indicates the number of characters in a string. An indexer
obtains indivi dual characters. The String class defines a multitude of
methods for working with strings , Which you can explore on your own

Because strings are immutable, it is easy to write code that looks very
innocent but which is very inefficient. See Chapter 26 for problems and
solutions.

Floating Point

Like C and C++, C# supports floating point data types named float and
double that correspond to the single  -precision and double -precision
specifications defined in ANSI/IEEI Std 754 -1985, th e IEEE Standard for
Binary Floating -Point Arithmetic .

double numl = 576.34;
float num2 =  34.89f ;

By default, the C# compiler will assume that any numeric literal ~ with a
decimal pointisa double. If you want it instead to be a float, you must
use an F or f suffix , as is shown in the second declaration statement . 'You
can use a D or d suffix to explicitly indicate a double . At least one digit
must be specified after the decimal point. You can use a capital or lower -
case E to indicate an exponent:

double num 1 =5.7634E2;
float num2 = 3489.0e - 2f;

The float type is an alias for the  System.Single structure, and the  double
type is an alias for the  System.Double structure. (Notice that the C# data
type is float but the structure is named Single.)

A float value co nsists of a 24 -bit signed mantissa and an 8  -bit signed
exponent. The precision is approximately seven decimal digits. Values
range from

-3.402823 x 10 *#

to:
3.402823 x 10 *#

The smallest possible float value greater than O is:
1.401298 x 10 ~*

You can obtai n these three values from the MinValue , MaxValue , and
Epsilon constant fields defined in the Single structure.
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A double value consists of a 53 -bit signed mantissa and an 11  -bit signed
exponent. The precision is approximately 15 to 16 decimal digits. Values
range from

-1.79769313486232 x 10 *®

to:
1.79769313486232 x 10 %

The smallest possible double value greater than O is:
4.9465645841247 x 10 ~***

The MinValue , MaxValue , and Epsilon fields are also defined in the
Double structure.

Implicit casting is allo  wed from float to double, and from any integral

type to float or double . Explicit casting is required from double to float, or
from double or float to any integral type. In arithmetical expressions that
mix float and integral types, integers are converted to float for the calc -
ulation. If the expressions involve double, any integers or float values will
be converted to double.

Hereds some code t hapgointchumbarlyeeso: a f | oati ng

double d1 = 1;
double d2 = 0;
double d3 =d1/d2;

If these were int egers, a DivideByZeroException would be raised. But
these are IEEE floating -point numbers. An exception is not raised. Float -
ing -point operations never raise exceptions in C# . Instead, in this case

d3 takes on a special value. If you use Console.WriteLine to display d3, it
will display the word

Infinity

If you change the initialization of dl to -1, Console.WriteLine will display:
- Infinity

In the IEEE stand ard, positive infinity and negative infinity are legitimate

values of floating -point numbers. You can  even perform arithmetic on
infinite values. For example, the expression

1/d3
equals 0.

If you change the initialization of dl1 in the preceding code to 0O, then d3
will equal a value known as  Not a Number , which is abbreviated as  NaN
and pronounchkdar edsCohsaeWriteLine displays a NaN:

NaN

You can create a NaN by adding positive infinity to negative infinity or by
a number of other calculations.
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Both the Single and Double structures have static methods named
Isinfinity , IsPositivelnfinity , IsNegativelnfinity , and IsNaN to determine
whether a particular  float or double value is infinity or NaN. These
methods require a floating  -point argument and return a bool. For
example,

Double.IsInfinity(d)
return s true if d is either positive infinity or neg  ative infinity.

The Single and Double structures also have constant fields named

Positive Infinity , Negativelnfinity , and NaN to represent these values.

These values correspond to specific bit patterns in the IEEE standard.

However, these bit patterns are  not unique, so it is not recommended

that you use these fields for comparison operations. For example, even if
d is a NaN, the operation

d == Double.NaN

will return  false if the bit pattern of  d does not correspond exactly with
that of Double.NaN . Use the static methods for determining the status of
particular numbers:

Double.IsNaN(d)

Much confusion surrounds the floating -point remainder operation. The

C# remainder or modulus operator (%) is defined for all numeric types.

(In C, the modulus operator is not defined for float and double, and the

fmod f uncti on must be used instead. JYloudker eds a
numbers with the remainder operator:

result = dividend % divisor;

The sign of result is the same as the sign of  dividend , and result can be
calcul ated with the formula

result = dividend Z n * divisor
where n is the largest possible integer less than or equal to divided /
divisor . For example, the expression

4.5 % 1.25
equals 0.75. (The expression 4.5/ 1.25 equals 3.6, so n equals 3. The
guantity 4. 5 minus (3 times 1.25) equals 0.75.
The IEEE standard defines a remainder a little differently, where n is the
integer closest to dividend / divisor . You can obtain a remainder in
accordance with the IEEE standard using the static Math.IEEERemainder

method . The expression
Math.|[EEERemainder(4.5, 1.25)

equals -0. 5. Thatds because 4.5 [/ 1.25 equals 3.
to 3.6 is 4. When n equals 4, the quantity 4.5 minus (4 times 1.25)
equals -0.5.
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Decimal Data Type

C# also defines a decimal data type that offers about 28 decimal digits of
precision . The decimal is u seful for storing and calculating numbers with
a fixed number of decimal points, such as money and interest rates.

In my book Programming in the Key of C# , | deliberately covered decimal

before floatingpoint .1t hi nk i tds i mportant for new proc
decimal for most applications involving non -integral data types, par ticu -

larly when the calculations involv e money. The C and C++ languages

were not developed in a tradition that val ued adequate tools for financial

applications. The decimal is an attempt to correct that historical

deficiency.

The decimal data type is an alias forthe = System.Decimal structure . For
decimal more than any of the other numeric data types, that structure is

of vital importa nce because decimal is not supported by Common Inter -
mediate Language.

What does that mean? CIL supports integral types and the two floating

point types directly, but not the decimal type. When you write C# code to
multiply two  double valu es, for example, the C# compiler generates inter -
mediate language to push the two values on the stack, followed by a CIL

mul instruction. At runtime, this intermediate language is converted into
machine code that uses the math coprocessor.

But there is no CIL mul instruction for decimal . Instead, decimal is
supported almost entirely through the System.Decimal structure. When
you write C# code to multiply two decimal numbers, the multiplication is
actually performed by the  op_Multiply method defined by the Decimal
structure. (This method name refers to an overload of the multiplication
operator defined by the  Decimal class. | discuss operator overloading in
Chapter 20.)

Although the CIL does not directly support the decimal dataty pe,itis
nonetheless part of the Common Language Specification. A .NET

language must support the  Decimal structure, but this support can be
fairly minimal. In C#, it amounts to little more than  recognizing decimal
literals, which are denoted with an m or M suffix:

decimal m = 55.23m;

Leaving out the m will result in a compile error. The literal will be
assumed to be a double, and there are no implicit conversions between
the floating point types and decimal .

Calculations involving  decimal cannot be control led using the checked
and unchecked keywords or the related compiler switch. Calculations
that result in overflow or underflow always raise an OverflowException .
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The decimal type uses 16 bytes (128 bits) to store each value, which is

twice as many bits as the double . The 128 bits break down into a 96  -bit
integral part, a1 -bit sign, and a scaling factor that can range from 0

through 28. (Twenty -six bits are unused.) Mathematically, the scaling
factor is a negative power of 10 and indicates the number of dec imal
places in the number.

Dondt confuse the deci ntadeddegmaldBC)itypen a bi nary
found in some programming languages. A BCD type stores each decimal

digit using 4 bits. The  decimal type stores the entire number in binary.

For example, a dec imal equal to 12.34 is stored as the integer 0x4D2 (or

decimal 1 ,234) with a scaling factor of 2, which denotes a multiplication

by 10 -2. A BCD encoding of 12.34 would store the number as 0x1234.

As long as a number has 28 significant decimal digits (or fe wer) and 28

decimal places (or fewer), the decimal data type stores the number

exactly. This is not true with floating point! If you define a float equal to

12.34, itds essentially stored as the value
divided by 0x100000 (or 1,048, 576), which isonly approximately 12.34.

Evenifyou definea double equal to 12.34, itds stored as

Ox18AE147AE147AE (or 6,946,802,425,218,990) divided by
0x2000000000000 (or 562,949,953,421,312), which again only
approximately equals 12.34.

Andt hat 6s why vy o decimmdl avinlech yoe@ d6re pe+forming c
ulationswhereyoud ondt want pennies to mysteriously
disappear. The floating -point data types are greatf or scientific and

engineering applications but often undesirable for financi al ones.

Implicit conversions are allowed from all the integer types to decimal , and

itds easy to see why. Explicit casts are regqg
a runtime OverflowException will result if the decimal number is too large

to fit in the destina tion integral type.  Explicit casts are required from

either floating -point type to decimal because the exponents of floating -

point allow values unrepresentable by decimal . Explicit casts are also

required for conversions from  decimal to either floating -point type

because decimal allows greater precision.

The decimal type also includes constructors that accept an integral or
floating-poi nt data type. These are mostly for | a
explicitly support  decimal .

If you want to explore  decimal a bit, y ou can make use of another
constructor that lets you put together a decimal from its const itu ent
parts:

decimal m = new decimal(low, middle, high, isNegative, scale);

The first three arguments are defined as int but are treated as if they
were unsigned int egers. (If they were defined as unsigned integers, this
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constructor wouldnoét be CL Sbhitcatuesfppdcoment . ) The
the 96 -bit integral part of the  decimal . The isNegative parameter is a bool
indicating if the number is negative. The scale argum ent can range from
0 to 28 to indicate the number of decimal points.
The expression

new decimal(1234567, 0, O, false, 5)
creates the decimal number 12 .34567. The largest positive  decimal
number is

new decimal( -1, -1, -1, false, 0)
or 79,228,162,514,264,337 ,593,543,950,335, which you can also obtain
from the Decimal.MaxValue field. The smallest decimal number closest to
Ois

new decimal(1, 0, 0, false, 28)

or 0.0000000000000000000000000001 or 1 x 10 -28, |If you divide this
number by 2ina C#p rogram, there sultisO.

It is also possible to obtain the bits used to store a decimal value using
the static GetBits method. This method returns an array of four integers.

To get the four int values that make upa decimal , you need to declare an
array of type int and call Decimal.GetBits with a decimal argument :

int[] A = Decimal.GetBits(m);

The first, second, and third elements of the array (thatis, A[0], A[1], and
A[2]) are the low, medium, and high components of the 96 -bit unsigned
integer.

The fourth element cont  ains the sign and the scaling factor. Bits O
through 15 are 0; bits 16 through 23 contains a scaling factor between 0
and 28; bits 24 through 30 are 0; and bit 31 is O for positive and 1 for
negative. In other words, if  A[3] is negative, the decimal number IS
negative. The scaling factor is:

(A[3] >> 16) & OxFF

Almost everyone who has worked extensively with floating -point can
recall incidences in which a calculated number that should have been

4.55 (for example) is often stored as 4.549999 or 4.550001. The decimal
representation is much better behaved. Suppose ml is defined like so:

decimal m1 =12.34m;

Internally ml has an integer part of 1234 and a scaling factor of 2.
Suppose M2 is defined like this:

decimal m2 = 56.789m;

The integer part is 56789 and th e scaling factor is 3. Now add these two
numbers:
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decimal m3 = ml + m2;

Conceptually, the integer part of ml is multiplied by 10 (to get 12340),
and the scaling factor is set to 3. Now the integer parts can be added
directly: 12340 plus 56789 equals 69129 with a scaling factor of 3. The
actual number is 69.129. Everything is exact.

Now multiply the two numbers:

decimal m4 = m1 * m2;

The two integral parts are multiplied (1234 times 56789 equals
70,776,626), and the scaling factors are added (2 plus 3 equals 5). The
actual numeric result is 700.77626. Again, the calculation is exact.

When dividingeé well, division is messy no ma
the most part, when using  decimal , you can have much greater
confidence in the precision and accuracy ofy  our results.

Math Class

The Math class inthe System namespace consists entirely of a collection
of static methods and the two constant fields. The two fields of type

double are named Pl and E. Math.PI is the ratio of the circumference of a
circletoits d iameter, or 3.14159265358979. Math.E is the limit of

o 1 N
2+-8
(o n-+
as n approaches infinity, or 2.71828182845905.

Most of the methods inthe  Math class are defined only for  double values.
However, some methods are defined for integer and decimal values as
well. The Max and Min methods both accept two arguments of the same
numeric type and return the maximum or minimum, respectively.

The Abs and Sign methods are defined for floating  -point types, decimal
types, and signed integer types. The  Abs method returns the absolute
value of the argument. The  Sign method returns an  int: 1 if the argument
is positive, 91 if the argument is negative, and 0 if the argument is 0.

The Abs method is the only method of the Math class that can raise an
exception, and then only for integral arguments, and only for one
particular value of each integral type, namely the value stored in the
MinValue field. The method call:

short s = Math.Abs(Int16.MinValue);

raises an OverflowException because Intl6.MinValue is 832,768 and
32,768 candt be rseogr esented by a

The BigMul and DivRem methods were introduced in .NET 2.0 and are
defined for integers. BigMul accepts two int arguments and returns a
long:
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long | = Math.BigMul(i1, i1);
You can get the same result if you first cas t one of the arguments to a
long:

long | = (long)il * i2;
The DivRem method is defined for both  int and long. In both cases, it has
three arguments and one return value of the same type. The return value
is the integer division of the first two arguments. The third argument

receives the remainder. For example, if a, b, c,and d are all defined as int
(or all defined as long) then you call DivRem like this:

¢ = Math.DivRem(a, b, out d);

The a and b variables must be initialized before calling the method, but d

does not. The c variable receives the result of the integer division, and d

get the remainder. Notice the  out keyword that indicates that d is being

passed by reference to the method and then set from the met hod.

have more to say about out in Chapt er 11. The DivRem method is
functionally identical to the code:

c=alb;
d=a%b;

The Floor and Ceiling methods are defined for double arguments only.
Floor returns the largest whole number less than or equal to the

argument. Ceiling returns the smallest whole number greater than or
equal to the argument. The call

Math.Floor(3.5)
returns 3, and
Math.Ceiling(3.5)
returns 4. The same rules apply to negative numbers. The call
Math.Floor( - 3.5)
returns 94, and
Math.Ceiling( -3.5)

returns 03.

The Floor method returns the nearest whole number in the direction of

negative infinity, and thatds why itds somet
toward negative i Gdlihngnissommetimes knowk aswi s e,

0 r o ung tbward positive infini t y . 0

|l tds also possible to round toward 0, whi
number closest to 0. You round toward O by casting to an integer. The
expression

(int) 3.5
returns 3, and

Version 1.1 Page 64



.NET Book Zero Charles Petzold

(inty -3.5
returns 83. Rounding toward O i s coamnmoonnl.yé known

The Round method is defined for both  double and decimal . The version
with a single argument returns the whole number nearest to the argu -
ment. If the argumentto  Round is midway between two whole numbers,
the return value is the nearest even numbe r. For example, the call

Math.Round(4.5)
returns 4, and
Math.Round(5.5)

returns 6. Although the return value is always a whole number, the type
of the return value is the same as the type of the argument ( double or
decimal ).

If you prefer the convention wh  ere numbers ending in .5 always round
up, add 0.5 to the number you wish to round and truncate. Or, you can

use one of the new overloads of Round introduced in .NET 2.0 that have
an enumeration argument:

Math.Round(4.5, MidpointRounding.ToEven)
returns 4 b ut
Math.Round(4.5, MidpointRounding.AwayFromZero)

returns 5. These enumeration values only affect the result when the
number is midway betweent wo integers.

You can optionally supply an integer to Round that indicates the number
of decimal places in the re turn value. For example,

Math.Round(5.285, 2)

returns 5.28. And in .NET 2.0 and later you can supply an integer and
an enumeration value. The call

Math.Round(5.285, 2, MidpointRounding.AwayFromZero)
returns 5.29.
Three methods of the Math class involve po wers. The firstis Pow:

Math.Pow(base, power)
The method returns:
baSéOWer

The method returns  NaN, Negativelnfinity , or Positivelnfinity in some
cases. See the documentation for details.

The expression
Math.Exp(power)

is equivalent to:
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Math.Pow(Math.E, power)
and the expression
Math.Sqrt(value)
is equivalent to:
Math.Pow(value, 0.5)

The Math class has three methods that calculate logarithms. The
expression

Math.Log10(value)
is equivalent to
Math.Log(value, 10)
and
Math.Log(value)
is equivale ntto
Math.Log(value, Math.E);

The three basic trigonometric functions Math.Sin , Math.Cos , and Math. -
Tanr equire that angles be specified in radiar
360 degrees. If angle is in degrees, call Math.Sin like this:

Math.Sin(Math.P1 * angle / 180)

The Math.Sin and Math.Cos methods return values ranging from o0lto 1.
In theory, the Math.Tan met hod should return i-nfinity at
grees) and 306/ 2 (270 degrees) but it returns

The inverse trigonometric functio  ns return angles in radians. The fol -
lowing table shows the return values for proper ranges of arguments:

Method Argument Return Value

Math.Asin(value) | 61 through 1 66/ 2 throu
Math.Acos(value) |dlthroughl |6 t hr ough
Math.Atan(value) |[6B t hroyod/ 2 t hr ou
Math.Atan(y, x) ob throdod t hrough

To convert the return value to degrees, mul:t
The Asin and Acos methods return NaN if the argument is not in the

proper range. The Atan2 method uses the sign of thetw 0 arguments to

determine the quandrant of the angle:
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y Argument | x Argument Return Value

Positive Positive O through
Positive Negative 6/ 2 throu
Negative Negative 6 t hr @&/g?
Negative Positive 06/ 2 thro

Less commonly used are the hyper  bolic trigopnometric functions Math. -

Sinh, Math.Cosh , and Math.Tanh . Angle arguments are in hyperbolic
radians.
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Chapter 7. Operators and Expressions

The following table is so important that you might want to print out an

extra co py of this page :

Operator Precedence and Associativity
Category Operators Associativity
Primary x) x.y f(x) a[x] x++ x -- new Left to right
typeof sizeof checked unchecked
Unary + - I~ ++x --x (T)x Left to right
Multiplicative *| % Left to right
Additive + - Left to right
Shift << >> Left to right
Relational < > <= >=is as Left to right
Equality = I= Left to right
Logical AND & Left to right
Logical XOR A Left to right
Logical OR | Left to right
Conditional AND | && Left to right
Conditional OR | Left to right
Conditional ?: Rightto | eft
Assignment = *= [= %= += -= Right to left
<<= >>= &= = |= ?2?

Veteran C programmers will recognize this as a variation of a table on

page 49 in the first edition of

Brian Kernighan and Dennis Ri t ¢ hThes 6 s

C Programming Language (Prentice -Hall, 1978). The C# version of the
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table appears in 87.2.1 of the C# Language Specification . The comma
operator in C and C++ is not supported in C# .

When working with C#, it is advanta geous to think in terms of operators
and expressions rather than statements. Operators are generally symbols
or small words that cause changes to variables, or which use the values

of a variable or multiple variablesto  produce a single result. An

expressi on involves one or more operators. For example,

A+B
is an expression. |Ités not a statement, even
(C# doesndt allow the addition operator to ©b

because the statement . @heaklessbownabave anyt hi ng
indicates how the C# compiler evaluates complex expressions.

For example, if you mix a multiplicative operator and an additive
operator in the same statement, the multiplicative operator will be
evaluated first. In the statement

C=A+ B*5;
the multiplication occurs first and then the addition.

If two operators have the same precedence, then the order is governed by
the associativity. For example:

C=A/B*5;
Both are multiplicative operators. The division occurs first, followed b y

the multiplication. All associativity is left to right except for the
conditional and assignment operators.

If the default precedence and  associativity is not what you want, you can
use parentheses to change it:

C=(A+B)*5;

Now the addition occurs f irst. The pair of parentheses is considered an
operator, and it is the first operator listed in the Primary operators row.

Approaching C# in terms of expressions and operators is helpful in
understanding whatdéds going on here:

Console.WriteLine( C = A+ B);

Somelanguages wonod6t | et y ou adsgnntert asnotbomc aus e
sidered an operator like the plus sign. (Visual Basic .NET, for example,
will interpret the equal sign as an equality operator.) In C#, the addition

is evaluated first. As you can see in th e chart, Additive operators have
higher precedence than Assignment operators. The result of the addition
operation then becomes the right hand side of the assignment operation.

The equal sign sets the variable on the left equal to the value on the

right. A Isofi and this is crucial in the example A the assignment operation
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has a result, and that result is the new value of the variable on the left.
That resultis the value passed tothe Console.WriteLine method.

Primary Operators
Youdve already s eperatorsiatimeyfirstoofv of tha tableo

The (x) operator symbolizes parentheses, which can surround an
expression to change the order of precedence or associativity

Thexy operator symbolizes the period,
namespace names, class and structure names, and method, field, and
property names.

Thef(x) operator symbolizes method call
of course).

The a[x] operator symbolizes array access  and indexing, such as with
strings .

The x++ and x-- operators s ymbolize the post -increment and post -
decrement operators. The variable is incremented or decremented, but
only after the variable is used in an expression. For example,

int A = 55;

Console.WriteLine(A++);

Console.WriteLine(A);

The first Console.WriteLine di spl ays 55 because thatoos

the incrementation. The second  Console.WriteLine displays 56.

Youdve al s mewsopeator, ashivellas checked and unchecked
| 81 | odiypesot inClsapter 19. | wo n 0t sinlg sizedfi irstlaisu s
book.

Unary Operators

Theseoperators are called Oounarydéd because

which always appears to the right of the operator. The  + operator is
defined for all numeric types but normally does nothing. For example,
the expression

+A

is just A. However, the operator could be overridden by a class or
structure.

The result of the & operator is the negative of a number. (The operator
doesndt change the variable itself.

The ! operator is logical negation and is defined onl y for bool. When

applied to a true value, theresultis false, and when appliedto false, the

resultis true.
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The ~ is the bitwise complement operator and is defined only for int, uint,
long, and ulong. The operator results in an integer of the same type i n
which all the bits have been flipped from 0 to 1, and from 1 to O.

The pre -increment and post -increment operators are  symbolized by ++x
and --x. The variable iIis incremented or decr eme
result of the operation.

The operator (T)x symbolizes casting. C# is much stricter than C with
regard to casting. If you need to convert from one data type to another
beyond what C# allows, the  Convert class (defined in the System
namespace) provides many methods that probably do what you want.

Multiplicative and Arithmetic Operators

The multiplicative and arithmetic operators are defined for all numeric

data types. The addition operator is also defined for string . Unlike C and
C++, the remainder operator is defined for float and double, as |
discuss ed in the previous chapter

Shift Operators

The shift operators shift an integer (on the left of the operator) by a
specified number of bits (the operand on the right). The << operator is a
left shift; the >> operator is a right shift.

The operand on the | eft must be an int, uint, long, or ulong. The operand
on the right must be an  int. When shifting an int or uint, only the bottom

5 bits of the operand on the right are used; when shifting a long or ulong,
only the bottom 6 bits of the right operand are use d.

When an int or long is shifted right, the shift is arithmetic. That is, the
vacated high -order bits are set to the sign bit.
Relational Operators

The first four relational operators , <, >, <=, and >= are defined for all
numeric types and return a bool value.

The two type -testing operators is and as will be discussed in Chapter  19.

Equality Operators

The two equality operators == and != are defined for all numeric types.
They return a bool value.

There are some special consi derations for the equality operators, which |
discuss in Chapter 16. For now, you might be pleased  to know that the
equality operators work with string objects . Two strings are considered
equal if they have the same length and c orresponding characters . The
compari son is case -sensitive . Other types of comparisons are possible
with methods defined by the  String class.
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Logical Operators and Conditional Operators

| want to discuss the two AND and OR operators in some detail because
they can cause some confusion among C and C++ programmers.

The &, ~, and | operators are termed the logical AND, XOR, and OR. (In
C, these are called the bitwise operators.) In C# these operators are

defined for both integral data types and bool. For integr al data types,
they function as bitwise operators, the same as in C. For example, the
expression :

0x03 | 0x05

evaluates as 0x07.

For bool data types, the logical operators evaluate to a bool result. The
result of the logical AND operator is true only if b oth operands are true.
The result of the logical XOR is  true only if one operand is true and the
other is false. The result of the logical OR is  true if either of the operands
is true.

InC,the && and || operators are known as logical operators. In C#,
they 60 r e tcenditioreald AND and OR, and they are defined only for
bool data types.

C programmers are accustomed to using the && and || operators in
expressions like this:

Al=08&&B>5
C programmers also know that if the first expression evaluates as false
(that is, i f A equal 0), then the second expg

important to know this because the second expression could involve an
assignment or a function call. Similarly, when you use the || operator,
t he second expr es sdifdghe first exprésgionis v arbeu at e

In C# you use the && and || operators in the same way you use them in
C. These operators are called the  conditional AND and OR because the
second operand is evaluated only if necessary.

In C#, you can use the & and | oper ators in the same way as && and ||,
as in this example:

Al=0&B>5

When you use the & and | operators in this way in C#, both expressions
are evaluated regardless of the outcome of the first expression.

The statement using & rather than && is certainly legal in C, and it

works the same way as in C#, but most C programmers would probably

write such a statement only in error. The statement looks wrong to many

C programmers because theyodve trained themse
bitwise AND and the && as  the logical AND. But in C the result of a

relational or logical expression is an int that has a value of 1 if the
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expressionis trueand O ot her wi se. Thatds why the bit
works here.
A C programmer might make the original statement involvin g the &&
operator a little more concise by writing it like so:
A&&B>=5

This works fine in C because C treats any nonzero expression as being
true . In C#, however, this statement is illegal because the && operator is
defined only for bool data types.

Where the C programmer gets into big trouble is using the bitwise AND
operator in the shortened form of the expression:
A&B>=5

If B equals 7, then the expression on the right is evalulated as the value
1.If Aisequal to 1 or 3 or any odd number, then t he bitwise AND

operation yields 1 and the total expression evaluates as true. IfAisOor 2
or any even number, then the bitwise AND operation yields 0 and the
total expression evalulatesas false. 1t 6s | i kely that none of

are what the progr ammer intended, and this is precisely why the C

programmer has such a  distressed reaction to seeing bitwise AND and

OR operators in logical expressions. (In C# this statement is illegal

because integersand boolval ues candt be mixed Rn the 1o
and OR statements.)

Suppose you have an integer variable named year and you wish to
calculate a bool named isLeapYear . Leap years are generally those years
divisible by 4, except that years divisible by 100 are not leap years,

except if the year is also  divisible by 400. You could do it this way:

bool isLeapYear = year % 4 == 0 && (year % 100 !=0 || year % 400 == 0)
The first expression to be evaluated is:

year % 4 ==0
That expression will be  true only if year is equally divisible by 4. The
expression

year &3==0

would also do the job. The single ampersand is a bitwise AND in this
expression, and the result is 0 only if year is equally divisible by 4.

Either way , three -quarters of all years are eliminated immediately.

Because the next operator isa ¢ onditional AND, the rest of the

expression doesndt even-qupeetsofalVyadrsu aTthed f or t h
remainder of the expression is enclosed in parentheses:

(year % 100 != 0 || year % 400 == 0)

This expression is evaluated only if year is divisible b y 4. Itis intended to
eliminate those years divisible by 100 but not divisible by 400. This
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expression is true if year is divisible by 400, orif  year is not divisible by
100.

Conditional Operator

The conditional operator, which is symbolized by ?. inthe table, is the
only ternary operator, which means it has three operands:
A?B:C

The expression A must resolve to a bool. The result of the operation is B
if Ais true,and Cif Ais false.

The use of this operator is customarily restricted to special oc casions,

such as this code that appends an 0s60

displayed is not equal to 1:
Console.WriteLine("Please deposit {0} dollar{1}.",
dollars, dollars ==1?":'s");

Assignment Operators

Assignment is a bi nary operation, and the result of an assignment
expression is the value being assigned. Assignment is evaluated right to
left, making possible statements like this one:

A= B=3;

B is assigned the value 3, and that is also the result of the assignment
expression. That resultis  then assignedto A.

Like C and C++, C# also supports the popular compound assignment
operators for addition, subtraction, multiply, divide, remainder, shift,
and AND, OR, and XOR in both their bitwise and logical interpretations

The final operator listed in the table is ?7?, called the null coalescing
operator, whi ch |1 6l 1 describe in Chapter
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Chapter 8. Selection and Iteration

C# supports the same  selection , iteration, and flow control statements
used in C and C++, but generally with some restrictions. These
restrictions are not severe and generally are intended to help you avoid
common coding bugs. Il n this chapter 10l di
the if, else, switch , case, default , do, while , for, foreach, in, break,
continue , and goto keywords .

Selection Statements

The basic selection statement involves the if and else keywords. The
keyword if must be followed by a Boolean expression in parentheses. The
statement that follows is executed if the B oolean expression resolves to
true:

if (a<5b)
b +=27;

The requirement that the parentheses contain a Boolean expression
eliminates a whole class of common C bugs. Almost every C and C++
programmer has committed the common pitfall of mistakenly using an
assignment as the test expression when a comparison was intended:

if (a = 5)

The C# compiler flags this statement as an
thankful it does.

Of course, no compiler can offer full protection against programmer
sleepiness. In on e early C# program | wrote, | defined a bool variable
named trigger , but instead of writing the statement

if (trigger)

for some reason | wanted to be a little more explicit and wanted to type
this:

if (trigger == true)
Instead, | typed this instead:
if (t rigger = true)

If trigger is defined as a bool this is a perfectly valid statement in C# but
obviously didndét do what | wanted.

If more than one statement should be executed, you can group them as a
block of statements in curly brackets:
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if (a < 5)

{
b+:
c=

O

}
Some programmers prefer putting the first curly bracket at the end of the
line containingthe ifkeyword; thatds all owed, of cour s
The if statement can include an  else clause:

if (@ <5)
b += 27,
else
b-=7
Even if the if or else clause is followed by single statements, some
programmers prefer enclosing the single statement in curly brackets.
if (a < 5)
{

}

else
{
}

Youcannest f st at ement s, and itds elfetclause common t h
consists of no thing but another entire if statement:

if (a < 5)

b +=27;

b-=7;

The statements in the second else clause are intended to be executed if a
equals 5. Because the if statementinside th e first else clause is a single

statement, the curly brackets can be removed and the second if keyword
can be moved to the same line as the first else, as shown in this common
form:
if (a<5)
{
A

}
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else if (a > 5)

The curly br ackets and the statements within the curly brackets are

called a block. (See the C# Language Specification , 88.2) You can declare
new variables within the block, but they are only visible within the block

and all nested blocks.

You candt de c éwiththe samewname asaobelalready declared
in a parent block, for example:

int A;

int A; // Not allowed!

The error message on the second declaration
0A0 cannot be decl ared i n uygveiadiffeetope becaus
meaning to 6A06, which is already used in a
denote something else. 6 Again, this restric
However, declaring variables with the same name in sibling blocks IS
allowed:

{

int A;

int A; // No problem!

}

The switch and case construction in C# has a restriction not present in
C.InC and C++ you can do this:

switch(a)
{
case 3:

b=7,

NF Al1 OEOT OCE EOIT RO AllTT xAA ET #¢

case 4.

c=

break;
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default:
b=2;
c =4
break;

}

In C or C++,i nthe case where a is equal to 3, one statement is executed
and then execution falls through to the case where a is equal to 4. That
may be what you intended, or you may have forgotte ntotypeina break
statement. To help you avoid bugs like that, the C# compiler will report

an error. C# allows a case to fall through to the next case only when the

case contains no statements. This is allowed in C#:

switch (a)

{

case 3:
case 4.
b= 7;
c=3;
break;

default:
b=2;
c =4
break;

}

To compensate for the restriction against fall -through, C# allows you to
use a goto statement at the end of a case to branch to another case. This
is a legal C# implemention of the ille gal switch block shown earlier:

switch(a)

{

case 3:
b=7,
goto case 4;

case 4:
c=3;
break;

default:
b=2;
c =4
break;

You donot n e brebk aththe enfd of a achse if the goto is there
instead. Yo u can also branch to the default case:

switch(a)

{

case 1.
b=2;
goto case 3;
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case 2:
c=7,
goto default;

case 3:
c=05;
break;

default:
b=2;
goto case 1,

}

The expression in the switch statement must resolve to any integer type,
char, string , or an enumeration, and must match the type in the case
labels.

You can indeed use a string variable in the switch statement and
compare it to literal strings in the case statements:

switch (strCity)
{

case "Boston "
A
break;

case "New York":
A
break;

case "San Francisco":
A
break;

default:
A
break;

}

Of course, this is exactly the type of thing that causes performance -
obsessed C and C++ programmers to cringe. All those string comp arisons
simply cannot be very efficient. In fact, because of a technique known as

string interning  (which involves a table of all the unique string s usedina
program), itds a | ot faster than you

lteration Statements

C# also supports the  while statement for repeating a group of statements
while a condition is  true. You can test a co nditional at the top of a block
while (a < 5)

{
}

A
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or at the bottom of a block:

do

{
A

while (a < 5);

As with the if statement, the expression in parenthe ses must resolve to a
bool. In the second example, the block is executed at least once
regardless of the value of a.

The while or do block can containa break statement, in which case
execution continues with the first statement after the while or do block .
The block can also containa  continue statement, which skips the
remainder of the statements and goes back to the top.

The for statement looks the same as in C and C++:

for (i = 0; i < 100; i++)
{

A
}
Within the parentheses, the first part is an init i ali zer thatos execut
before anything in the loop. The second part is a Boolean expression. The
contents of the block are executed only if that expression is true . The last
part is executed at the end of the block. If A, B, and C are expressions,
the sta tement
for (A; B; C)
{
A

}
is roughly equivalent to:
A;
while (B)
{
A
G
}
| say oOr oughl yfdr blbck mighticengain & h €ontinue statement
to skip the rest of the block and start with the next iteration. However,
the C expression will still be executed in that case, whereas it would not

in the while statement. The for block can contain a break statement to
exit the block.

As in C++, itds very common for C# progr amme
variable right in the  for statement:
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for (flo ata=0;a<10.5f;a+=0.1f)
{

}
The variable a is only valid within the ~ for statement.

A

A handy addition to the iteration statements  that C# inherited from C
and C++ isthe foreach statement, which C# picked up from Visual Basic.
| 61 I s h o veexamples af dareach inthe Chapter 10, which
discusses arrays . The foreach statement also works with other types of
collections , and with strings. Suppose you wanted to display all the
characters of a string named str, each on a separate line. With a  for loop
the code looks like this:

for (inti=0; i < str.Length; i++)

Console.WriteLine(str[i]);

The foreach statement is considerably simpler:

foreach (char ch in str)
Console.WriteLine(ch);

The parentheses consist of the  definition of a variable named ch of type
char; this variable must match the type of the elements in the array or
collection . This is followed by the keyword in followed by the variable
containing the elements.  You can use break and continue statements
wit hin a foreach block.

Within the foreach block, the iteration variable is read -only. Thisis
rather obvious in the case of strings (because strings are enumerable
anyway) butin Chapter 10y oud !l | s e eanmnoh use theyforeach
statement to initialize the elements of arrays.

The foreach statement requires a collection that supports a particular

method, as laboriously described in the C# Language Specification ,
88.8.4. In a practical sense, it can be said that the foreach stateme nt
works with collections that implement the IEnumerable interface.

Jump Statements

The C# Language Specification , 88.9 defines the category of jump

statements as including  break, continue , and return . Il 61 | retlinsnc u s s
more detail in Chapter  11. This category also includes throw, whi ch | 61 |
describe in Chapter 12, and finally goto.

Youdve already s e eatoiha switch cstatensemet. Youlrcan
also use goto to branch to a label. A labeli s defined with an identifier
followed by a colon:

NowhereElseToGo:

You can branch to the statement at that label with the statement

goto NowhereElseToGo;
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Labels have scopes just like variables, and the label must be in the same

block or a parent blockast hegotost at ement . Il n other words,
jump into the middle of a block. You can jump out of a block, but not
into a block.
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Chapter 9. The Stack and the Heap

We program in high -level languages for several reasons.  Perhaps we
prefer that the code we write be compilable for multiple processors or
platforms. Perhaps we prefer block structure rather than jumps. And
perhaps we prefer solving problems strictly througha  n abstract quasi -
mathematical algorithmic  language without takin g machine architecture
into account.

In real life, however, itis  rarely possible to design an efficient program -
ming language or programming interface that lets the programmer
remain entirely ignorant of machine or system architecture.

Suchiscertainyt he case with C#. C# doesndt
mess around with pointers, but that
entirely banished fr om tlifact pvergigmpodamme
aspect of C# involves the different way in which instances o f classes and
instances of structures are stored in memory. This difference is summed

up in the following statement:

Classes are reference types; s tructures are value types.
If programming languages had mantras, that would be the C# mantra.

As you probably know, one common form of memory storage is the stack .
In very simple computer architectures A CP/M, for example, ora.com
executable running under MS -DOSHA the program code itself s its at the

bottom of a 64K block of memory, and the stack pointer is initiall y set to
the very top of the memory block. The assembly language PUSH
instruction decrements the stack pointer and places data at the location

addressed by the stack pointer . The POP instruction retrieves an item
from the stack and increments the stack poi nter . The stack also comes
into play when a CALL instruction executes. A pointer to the next

instruction is pushed on the stack so that a RET instruction can pop the
instruction pointer off the stack and resume execution at the instruction
following the CA LL.

If items A, B, and C are pushed on the stack in that order, then they are

popped from the stack in the order C, B, and A. The stack is thus known

as a last -in-first -out (LIFO) memory storage. An LIFO storage mechanism
is necessary to implement nested  function calls . Each function can also
use the stack for storing local variables without interfering with other
functions. Because the stack traditionally starts at the high end of

memory, it can arbitrarily grow in size. The only problem occurs when

the s tack gets so big it collides with program code.
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Il n todayds envier owstmakdd tos s  ureferdb any &IFO
memory storage , and stacks can pretty much grow as large as they want

without getting entangled with proagr am code.

from the top of memory, although they are often still envisioned that way.
Every thread of execution running under Windows has its own stack. The
stack is used for storing return addresses during function calls, for
passing arguments to function calls, and for storing local variables in

each function.

C# is similar. Considera Main method in a C# program that declares two
int variables , a long and a string :

static void Main()

{
int A, B;
long C;
string D;

}

When a method begins execu tion, memory on the stack is reserved to
store all variables declared in the method , and t he memory for these
variables is freed when the method reaches its end. In this example, t he
A and B variables both require 4 bytes of storage on the stack ,and the C
variable requires 8 bytes. But now we have a problem . Exactly how many
bytes are needed to store a  string ?

It depends. Strings can be long and strings can be short, and it is simply
not possible to anticipate exactly how much memory is required for a
part icular string, particular when the program can have statements like
this:

D = Console.ReadLine();

For this reason, the string itself is not stored on the stack. Instead, as

the program is running, the memory for the string is allocated from an
area known a s the heap, and more specifically, ina local heap thatis
private to the process. The heap is a general -purpose area of storage
organized so that chunks of memory of any size can be allocated and

freed at random during program execution. (Even niceris a heap with
two levels of indirection that can be compacted if it becomes excessively
fragmented. )

Every program running under Windows has its own local heap; the heap
is shared among all threads in the program. (The stack and heap are also
different in rega rd to prepositions: We say that something is stored on
the stack but in the heap.)

In this example, t he string itself is stored in the heap. However, the string
variable itself must be stored on the stack. What 6s actwually
stack is a reference to the location of the string in the heap:
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A 587
B -435
C 807,234 To be, or not to be,
D
\

The string can be as small or as large as it needs to be, but the space on
the stack required for the reference remains the same.

What is this reference exactly? | nthe C# documentati onit 6 s of t en
referred to in a rather vague way, but 1tds
to a memory address, and thus not very dissimilar from a traditional

pointer. However, there are major differences between references and

pointers. The reference is managed, and the memory it references is

known asthe managedheap . The pr o g manipulate arn @erform

any arithmetic o n this reference. And, most importantly, if a memory

block allocated from the heap no longer has any references pointing to it,

that memory block becomes eligible for garbage collection.

Hereds that C# mantra agai n:
Classes are reference types; s tructures are value types.

Structures are value types. Webdve already en
structures. All the numeric types in C# are aliases for structures in the

.NET Framework. The C# value types include sbyte, byte, short, ushort,

int, uint, long, ulong, float, double, decimal , char, and bool. When you

declare variables of these types, the  actual numeric value s are stored on

the stack.

Classes are reference types. The string type is an alias for the  System. -
Stringcl ass. ltds a class. A reference type is
reference to an area of memory allocated from the heap.

Classes are reference types; s tructures are value types.

This difference was established for  purposes of efficiency. Heap alloca -

tions take ti me, particularly when thereds n
and the heap manager needs to compact the heap or begin garbage

collection. It makes no sense to store something as sm allas an int in the

heap when youol |l probably nestatktasgoremuch memor
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the reference as to store the int itself. The stack lets an int value be
stored quickly and retrieved quickly.

But the stack is not appropriate for objects that might vary in size , such
as string variables . The stack is certainly not appropriate for arrays,
which 106l I cover 1 n the nignottquite Juitegpforer . And t h

some aspects of object -oriented program ming. It is often convenient to
refer to an insta nce of a particular class as an instance of a n ancestor
class. This works best when the object is actually a reference to memory

in the heap rather than an area on the stack.

|l tds possible for a string |literal to consi s
characte rs between them:

D=""
A string with no characters is referred to as an empty string. Even

though the string has no characters, memory is still allocated from the

heap to store information about the string, including the fact that it has

no characters. T he Length property would reveal this fact: The expression
D.Length would equal O.

If D were first assigned a return value from Console.ReadLine (as shown

in the code earlier in this chapter) and then assigned an empty string,

what happens to the memory all  ocated from the heap for the original

string? That string is still in the heap, bu
to it, which means itodés taking up unnecessar
for something else. It becomes eligible for garbage collection. This

memory will not be freed immediately, but sometime in the future as the

program is running, and particularly if memory gets scarce, the

unreferenced memory in the heap will be freed and made available for

future allocations.

You can also assign D a special value, which is the keyword  null :

D = null;
The keyword null essentially means ono reference. 6 |
reference to something in the heap, the variable D is now storing a zero
value. A string variable that does not reference any heap memory i S

called a null string. If you tried to determine the length of such a string
using D.Length, y o u & d NullRefeseeceException . There is nothing to
determine the length of.

You can use null with equality and inequality operators. If D isa null
string, then then the expression
D == null
is true.
The code shown at the beginning of this chapter declare d a string

variable without setting it to anything:
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string D;
In this case, space has been reserved on the stack for the variable D, but
itisconsideredto be wuninitialized. | null ad thigpeintdt even e

The null string and the empty string may initially seem pretty similar but

you can see now that theyOstrmg vpuablé e di fferent
equals null, the value stored on the stack is 0, which doesndt referen
any memory in the heap. Whena  string variable equals the empty string,

memory has been allocated from the heap to store the string, but the

string is O characters in length.

You cannot set a value type (such as an int or a double) to null. Null
values only make sense for reference types. (However, C# 2.0 lets you
def i ne o0 rnaldeltypes,laesé | 61 1 di scuw8F in Chapter
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Chapter 10. Arrays

Arrays are ordered collection s of objects of the same type. Each object in
the array is referred to as an  element of the array. A particular element is
associated with an index of the array, which is an integer ranging from

zero to one less than the size of the array. (In other words, C# has zero -
based array indexing.)

C# lets you define an array of any type. The simplest array declaration is

a one-dimensional array. This code defines A to be an array of type int:
int[]] A;

In an array declaration statement, the square brackets follow t he element

type, and they must be empty. A is areference and space on the stack is

reserved for storing A. However, at this point A is uninitialized. Because
Ais areference, you cansetitto  null:

A = null;
Now A is no longer uninitialized, but no memo ry has been allocated for

storing the elements of the array . Allocating memory for the array
requires a new expression, which looks like this:

A = new int[100];
Another set of square brackets appear, but now they contain the desired
number of element s int he array. The new expression here allocates

sufficient memory inthe  managed heap for 100 32 -bit integers and
returns a reference to that memory block, which is then stored in A.

You can declare the array variable and initialize it in the same statement:
int[] A = new int[100];

Memory allocated from the heap is always initialized to zero. Thus, all the
elements of the array have an initialized value of zero.

You can reference one of the elements in the array using the array name
and an index in square bra  ckets:

Console.WriteLine(A[55));
Because all the array elements have been initialized to zero, this
statement will display the value zero. If you use a negative index, or an

i ndex equal to or greater than the number of
raise a n IndexOutOfRangeException

You can fill the elements of an array with whatever means is convenient.
A for loop is common:
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for (inti=0;i<100; i++)

Alil=i*i;
Any array is implicitly an object of type System.Array , and you can use
properties an d methods defined by the  Array class with arrays. Perhaps
the most important property of the Array classis Length, which indicates
the number of el ements in the array. Her eds
an integer array with squares:

for (inti=0;i < A.Length; i++)
Alil=i*i;

In this example, A.Length is the value 100. As with the same -named
property of the String class, th e Length property is read -only.

You can access all the elements of an array sequentially in a foreach
statement:

foreach (intiin A)
Console.WriteLine(i);

However, you cannot initialize the elements of an array in a foreach
statement because you need to set the value of the iteration variable and
thatds not all owed.

Later on in the program, you might set A to a differen t new expression:
A = new int[20];

Enough memory is allocated  from the managed heap for 20 elements,
and the reference to that memory is returned and stored in A.

But what happens to the original block of memory that was allocated for
the 100 in tegers? There is no delete or free operator in C#. If the original
block of memory is no longer referenced by anything else in the program,

it becomes eligible for garbage collection. At some point, the Common
Language Runtime will free up the memory originally allo cated for the
array.

The number of elements inan array can be determined at  runtime :

Console.Write("Enter the array size  :");
int num = Int32.Parse(Console.ReadLine());
double D = new double[num];

Obviously, this f eature eliminates any need for C -type mem ory allocation
functions such as malloc.

In some cases, when writing a program  you might know both the size of
the array and the elements it should contain. In that case you can
initialize the array when creating it:

double[] D = new double[3] { 3.14, 2.1 7,100}
The number of initializers must equal the declared size of the array. If
youdre initializing the array, you can | eave
because itds determined from the number of i
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double[] D = new double[] { 3.14, 2.17, 100 }

Notice the empty square brackets in the new expression. You can even
leave out the new expression:

double[] D = { 3.14, 2.17, 100 };

This shortcut is available only in the statement that de clare s the array
variable. You candt do something |ike
double[] D;
$ " Dz st 1 Wt sdkd dK YY 7117 RO xI OEn

|l tds possible to declare multiple array

statement:

decimal[] sales, commissions, bonuses;

You can allocate memory for all of these array S, or only some of them,
and even i nitialize elements of one or more of the arrays in the same

decl aration statement, but it might
it into several declarations.

Hereds a declaration statement t hat
strings:

string[] strs = new string[10];

That new expression allocates enough memory from the heap for ten
strings. However, because String is a class, and classes are reference
types, the new expression really allocates enough memory from the heap
for ten references. Heap memo ry is always initialized to zero, which

means that the ten elements of the array are effectively set to null . The
expression

strs[5] == null
returns true . Although these references are initially null , eventually they

will probably reference actual strings that are themselves stored in the
heap.

Understanding array creation and initialization is sometimes clarified if
you look at it in terms of expressions. The expression

new string[4]

allocates enough memory for an array of four strings and returns a

refere nce to that memory. If the element type were a value type (such as

int or decimal ), each element would be initialized to 0. Because the

element type here is a reference type (specifically string ), each element is
initialized to  null .

Hereds anotloer express
new string[[{ "North", "East", "South", "West" }
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This expression allocates memory for an array of four strings. Each

element of the array is another reference to the actual string
Now hereds an interesting expression:
new string[] { "North", "East", "South", "West" } [2]

|l tds the same as the previous expression exc
array index at the end. If you check the Operator Precedence and

Associativity table at the back of this book
new and array indexing (indicated by a[x]) have the same precedence and

are associated from left to right. The index essentially chooses one of the

el ements of the array. This expression evalu
This means that if you need to use a little array just onc e, you dondt nee
to declare an array variabl e, Hereds a state
four compass points based on the variable dir:

Console.Write(new string[] { "North", "East", "South", "West" } [dir]);

The array is created in the course of the exe cution of this statement and

then becomes eligible for garbage collection. | certainly would avoid

putting a statement like this in any kind of loop or a met hod t hatds
frequently called, butforaone -t i me execution, i1tds certain

C# provides two types of multi -dimensional arrays. The simplest type of
multi -dimensional array is declared using a single set of square brackets,
and commas indicate multiple dimensions. Here are declarations of one -
dimensional, two -dimensional, and three -dimensional ar rays:

int[] one;

int[,] two;

int[,,] three;
You can allocate memory for these arrays using new expressions that
contain the size of each dimension separated by commas:

one = new int[15];

two = new int[3, 6];

three = new int[8, 5, 3];
Or, you could include  the new expression in the declaration .

You reference an element of the array with indices separated by commas:
threeli, j, k] = 39;

In this example the variable i must be in the range 0 through 7, ] must

be O through 4, and k mustbe 0, 1 or 2.

The Length property reports the total number of elements in the array ,
which is equal to the product of the sizes of each dimension. For

example, three.Length returns 120. The Rank property indicates the
number of dimensions:  three.Rank returns 3.

Version 1.1 Page 91



.NET Book Zero Charles Petzold

If you need the n umber of elements in a particular dimension, you can
use the GetLength method of the Array class. The argumentis a zero -
based dimension. For example,

three.GetLength(1)

returns the size of the second dimension of three, whichis 5. The Array
class also co ntains methods for sorting and searching arrays.

Multidimensional arrays seem to be less common in object -oriented

programming than in traditional procedur al P
more common in object -oriented programming to have single -

dimensional a rrays of objects, where the objects themselves encapsulate

mul tiple items.-|lBdtedésemea mprleasl of mul tidi men:
do exist. If you were unfortunate enough to be working on a program
involving United States senators, for example, the follo wing array would

help store their names:

string[,] senators = new string[50,2];

That s 50 states and 2 senators each.

Initializing the elements of multidimensional arrays in a new expression
requires a precise use of curly brackets. He
dimensi onal array thatdos a bit smaller than t

int,,] arr = new int[3, 2, 4] {{{ 8, 3, 4, 2}, {7, 4, 1, 2}},
{{2,7,3,6},{5,1,9, 0}},
{{0,4,9,7},{3,9, 8, 5}}}

The first four initialization values are arr[0,0,0] through arr[0,0,3] , the
second four values are arr[0,1,0] through arr[0,1,3] , and so forth. The last
four values are arr[2,1,0] through arr[2,1,3]. The Rank property of this

array returns 3; the  Length prope rty returns 24. You can shorten the
array initialization to
int[,,J arr=new int[,,] {{{ 8, 3, 4, 2}, {7, 4, 1, 2}},
{{2,7,3,6}{5,1,9, 0}},
{{0,4,9,7},{3,9,8 51}
without explicitly  specifying the number of elements in each dimension,
or you can leave outthe new expression entirely:
int[,,]Jarr ={{{ 8,3,4,2},{7,4,1, 2}},

{{2,7,3,6},{5 1,9, 0}},
{{0,4,9,7},{3,9,8, 5}

C# also s upports arrays of arrays, which are essentially arrays in which

the elements are themselves arrays. These are referred to as jagged
arrays because the size of the second dimension (and possibly
subsequent dimensions) is not constant. The size of each dimen sion is

different depending on the index of the previous dimension.

For example, suppose you want to declare an array for storing all the
family members of your four closest friends. These families range in size
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from two people to eight people. You could ¢ ertainly declare a normal
two -dimensional array sufficient for the largest family:

string[,] normalArray = new string[4, 8];

But that approach wastes some space. Not all
families have eight people. (  And if the wasted space of thisexa mple

seems meager, how about an array similar to the senators array but for

members of the House of Representatives? Depending on the state, the

number of representatives ranges from 1 to 53.)

Because a jagged array is essentially an array of arrays, creat ing the

array requires multiple newexpr essi ons. Hereds the decl ar
first newexpression for the array that stores yo
members:

string[][] jaggedArray = new string[4][];

Notice the use of multiple square brackets. Next you need four additional
new statements for each of the four families:

jaggedArray[0] = new string[5];
jaggedArray[1] = new string[2];
jaggedArray[2] = new string[8];
jaggedArray[3] = new string[4];

Each of these new expression indicates the number of members in that
family. The family sizes range from two to eight.

At this point, you can access  jaggedArray[0][0] through jaggedArray[0][4]
for the five members of the first family. The two members of the second
family are stored in  jaggedArray[1][0] and jaggedAr ray[1][1] . And so forth.

An assignment such as
jaggedArray[3] = new string[4];
shown above can also include initializations for that family:
jaggedArray[3] = new string[4] { "Jack", "Diane", "Bobby", "Sally" };
or, a tiny bit simpler,
jaggedArray[3] = new string[] { "Jack", "Diane", "Bobby", "Sally" };

You can also initialize the whole array in the original declaration. The
initialization includes all the Nnew expressions:

string[][] jaggedArray = new string[4][]
{

new string[] { "Jill", "Alice" , "Billy", "Judy", "Sammy" },
new string[] { "James", "Ellen" },
new string[] { "Steve", "Sue", "Bernie", "Rich",
"Chris", "Erika", "Michelle", "Alyssa" },
new string[] { "Jack", "Diane", "Bobby", "Sally" }
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Because this is a declaration, the first new expression can be eliminated,
but the rest are required.
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Chapter 11. Methods and Fields

When a certain block of code needs to be executed multiple times while a
program is ru nning, it is common to put it in a loop. If the same block of
code must be executed from different parts of the program, it is common
to isolate itin a unit  called in various languages a subroutine or
function, but which  in C# is called method . Every C# p rogram must
contain a method named  Main. All but the m ost trivial C# programs
contain additional methods as well.

For example, suppose you need to write a program that ask s the user to
type in some information, perhaps a first name, last name, and age.
Each of the three items requires a call to Console.Write to displays a

prompt such as O0OEnter your first name.

a callto Console.ReadLine to obtain the information the user types.
Hereds an appr oach wiiteer Mainemetaady t hi ng

Interrogationl.cs
I
/I Interrogationl.cs (c) 2006 by Charles Petzold
I
using System;

class Interrogation1

{

static void Main()

{

Cansole.Write("Enter your first name: ");
string strFirstName = Console.ReadLine();

Console.Write("Enter your last name: ");
string strLastName = Console.ReadLine();

Console.Write("Enter your age: ");
string strAge = Console.ReadLine();

Console.WriteLine();

Console.WriteLine("First name: " + strFirstName);
Console.WriteLine("Last name: " + strLastName);
Console.WriteLine("Age: " + strAge);

}

Of course, in a real program, the age woul dndt be stimgolt ed
woul d be stored as an integer, which
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Rather than calling Console.Write three times to display a prompt, and
Console.ReadLine three times to obtai n what the user types, it would be
more convenient for the  Main method to call another method three times.
Perhaps this method is called  GetInfo. The first part of Main might be
simplified to look something like this:

string strFirstName = GetInfo("Enter y our first name: ");

string strLastName = GetInfo("Enter your last name: ");
string strAge = GetInfo("Enter your age: ");

He r e @stinfa method that does the grunt work:

static  string GetInfo(string strPrompt)

{

Console.Write(strPrompt);
string st  rReturn = Console.ReadLine();
return strReturn;

}

Like Main, the Getinfo method must be static.  (Non-static methods will
make their appearance in Chapter 13.) Following the static keyword is
string , which is the return value of the GetIinfo method. If a method has a
return type other than  void, all code paths within the method must
terminate with a  return statement that returns an object of the proper

type. (A method with a  void return type can have a return statement by
itsel f to end execution of the method.) The parameter is also a string,
called strPrompt within the method.

The Getinfo method displays the prompt, and stores the return value of
Console.ReadLine in strReturn , which it then returns. As with C and C++,
the retur n value does not have to be in parentheses, although many
programmers tendto use them:

return (strReturn);

The strReturn variable is local to  GetiInfo, and is only visible within
GetInfo after its declaration.  The method could actually be simplified a

litt le by combining the last two statements and eliminate the strReturn
variable entirely :

return Console.ReadLine();

Perhaps youdre not quite sure you want to

with a colon. Perhaps you suspect you may want to change it to a littl e
arrow. In that case, you might write the first statement of Getinfo like
this:

Console.Write(strPrompt + ": ");

And call GetInfo like this:

string strFirstName = GetInfo("Enter your first name");

Hereds the whol e egechmamgesam wi t h t h
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Interrogation 2.
Il

CS

Charles Petzold

/I Interrogation2.cs (c) 2006 by Charles Petzold

1
using System;

class Interrogation2

{

static void Main()

{

string strFirstName = Getln

fo("Enter your first name");

string strLastName = GetInfo("Enter your last name");
string strAge = GetlInfo("Enter your age");

Showlnfo(strFirstName, strLastName, strAge);

}

static string GetInfo(string strPrompt)

{

Console.Write(strPrompt + ": "),
return Console.ReadLine();

}

static void ShowlInfo(string strFirstName, string strSurName,

{

stri

ng stryearsOld)

Console.WriteLine("First name: " + strFirstName);
Console.WriteLine("Last name: " + strSurName);
Console.WriteLine("Age: " + strYearsOld);

}
|l 6ve al so

information. Although

add

ed a s &bowinfd thatdisgplysthe cal | ed
Showlnfo is only called once from  Main, that

d o e s n 0 tsariy @rohgbi it from being a separate method. Showinfo
has three parameters buta  void return value.
The order of methods in a class doesndt matt
declared before they are referenced.
Two of the parametersto  ShowlInfo have sli ghtly different names than the
string variables defined in ~ Main . It doesndt matter whet her
same or different. The variables defined in Main arendot visible in
Showinfo , and the Showinfo par amet er s ar eMamt vi si bl e in
Both GetIinfo and ShowInf o are static. The Main method can refer to these
methods by just their names, but it could also preface the method name
with the class name:

string str  FirstName = Interrogation 2.GetInfo(  "Enter your first name" );
Showlinfo has a parameter for each of the  items it needs to display.
Thereds nothing really wrong with this appro
adding more items  to the list of information ~ you obtain . For each new
temyoud6l | need another string variable, of <co

Getinfo, andllneed to@dd a lineto Showinfo to display the new item.
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Youol | al s o ne e dparaneeterato Showlmfa, winich means
youdl |l have to change the method itself, and
And what if it gets to the poifortwentyher e youb®
pieces of information? Youdl |l n 8winfa o have t
and you have to be very careful that your call to Showlnfo has all the

arguments in the correct order.

Anot her approach would be to diedseAsyyone user 0s
know, f ields look like local variables, except they are not defined inside a

method. They are defined inside the class but outside of all methods, and

they can be accessed by any method  in the class .

Interrogation3.cs

e
/I Interrogation3.cs (c) 2006 by Charles Petzold

I
using System;

class Interrogation3

{
static string strFirstName, strLastName, strAge;
static void Main()
{
strFirstNam e = GetInfo("Enter your first name");
strLastName = Getlnfo("Enter your last name");
strAge = GetInfo("Enter your age");
Showlnfo();
}
static string GetlInfo(string strPrompt)
{
Console.Write(strPrompt + ": );
return Console.ReadLine();
}
static void ShowlInfo()
{
Console.WriteLine();
Console.WriteLine("First name: " + strFirstName);
Console.WriteLine("Last name: " + strLastName);
Console.WriteLine("Age: " + strA ge);
}
}
Notice the three fields of type  string declared at the top of the
Interrogation3 cl ass. Al though itds common to put fi
class, they dondt need to be there; they <can

of the class after all the me thods, or even between two methods, or
scattered among the methods

Now Showinfo has no parameters, and the three statements in Showinfo
refer to the fields set in the Main method. With each additional item,
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youol | n e e threetcltangesa &knew field, anew callto Getinfo, and

a new line in Showlinfo .

Youdre stild] not sure about the colon at t he
know that I f you change it, youdll also want

statements in  Showlnfo likewise. It would be nice to  define this cha racter
sequence just once, and use it wherever needed. You could make that a
field as well:

static string strDelimiter = ": ",

And then you can change the  Console.Write statementin Getinfo and the
three statements in ~ ShowlInfo like so:

Console.WriteLine("F  irst name" + strDelimiter + strFirstName);

This is pretty good, but thereds another <cha
field named strDelimiter is never changed during the time the program is

running. ' n fact, you want to make sure that itéo
want to prevent yourself (or someone else) from modifying the program

and adding code that inadvertently changes strDelimiter . One way to do

this is to add a modifier named readonly :

static readonly string strDelimiter = " *;

The order of the static and readonly keywords doesndét matter, but t
both must precede the type of the field, which is string . With the readonly

modifier, any code that tries to change the value of strDelimiter will be

flagged by the C# compiler as uwmM error. (Tha
constructor can change the val7fye, as youol |

Another possibility is this:
const string  strDelimiter ="

A constant must be initialized in its declaration statement. A const is
implicitly static.

There is a big difference between const and static readonly : A const is

evaluated during compilation and the value i
used. A static readonly field is evaluated at runtime. But in practice

theydre pretty much the same.

In C and C++ you can have a local variable defined as static , and that

variable will retain its value between function calls. That option is not

available in C#. You can have a local const, however, which is a constant

whose visibility is restricted to a method. But th e readonly modifier is
applicable only for fields, and candt be use

In C#, as in C++, y ou can have multiple methods with the same name.

These are known as overloads. These multiple methods must be

distinguished by having a different n umber of arguments, or arguments

with different types. I n C#, you cand6t have
with the same name that differ only by the return type.
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Hereds yet another version of the I nterrogat

parameterless method named  GetInfo that calls the parametered versions
of Getinfo:

Interrogation4.cs
I
/I Interrogation4.cs (c) 2006 by Charles Petzold
1

using System;

class Interrogati on4

{

const string strDelimiter = ": ;
static string strFirstName, strLastName, strAge;

static void Main()

{
Getlinfo();
ShowInfo();

}

static void Getlnfo()

{
strrirstName = GetInfo("Enter your first nam e");
strLastName = GetInfo("Enter your last name");
strAge = Getlnfo("Enter your age");

}

static string Getlnfo(string strPrompt)

{

Console.Write(strPrompt + strDelimiter);
return Console.ReadLine();

st atic void ShowInfo()

{
Console.WriteLine();
Console.WriteLine("First name" + strDelimiter + strFirstName);
Console.WriteLine("Last name" + strDelimiter + strLastName);
Console.WriteLine("Age" + strDelimiter + strAge);

}

}

Sometimes the choice of which  overloaded method to call can be tricky

for the C# compiler. For example, suppose there are two methods with

the same name, but one hasa long parameter and the other hasa  double
parameter. Some code calls the method wi  th an int argument. Which
method does C# choose? Overload resolution is described in the C#
Language Specification , 87.4.2.

The next step in this Interrogation series of programs might be to define

a new class named Person with instance fields of  strFirstN ame, strLast -

Name, and strAge, and jump right into object  -oriented programming. But

|l etds hold off on that for another chapter
method -related issues.
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Arguments to methods are normally p assed by value, which means that
the foll owing program displays 22 rather than 55:

When a method such as  Alterinteger is executing, its stack contains

space for all the parameters to the method (in this case justone  int) and
all its local variables (in this case, none). As Alterinteger is called from
Main, a copy of the argument passed to  Alterinteger is stored on the

stack for Alterinteger to use. Alterinteger refers to a copy of the in teger
rather than to the integer referenced by Main .

However, there are times when you would rather be able to pass a

number or other object to a method by reference, so that any changes

made to the object within the method are reflected in the value after the
method has ended.

You can do this using the  ref keyword, as demonstrated in the following
program. This program displays 55.
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static void Alterinteger(ref int i)

{
}

i= b5b5;

}

Notice that the ref keyword is required both in the declaration of the
method and when the method is called. This double requirement is just
to prevent you, the programmer, from making mistakes.

Inside Alterinteger , the stack contains a referen  ce rather than the integer

itself. That reference is to the original integer in Main .
The C# language also supports a similar keyword named out. (You saw
out in the Math.DivRem method in Chapter 6. Youdll see it again

TryPar se method in Chapter 12.) When compiled to intermediate

language, the ref and out keywords are identical. However, when you use

ref,the C#compi |l er requires that the variabl e wh
using has already been initi  alized. Whenusing out, t he variabl e does
have to be initialized.

For example, in the preceding program, if you change
inti=22;
to
int i;
then the program will no longer compile because the variable has not
been initialized when the method is called . If you change the two

occurrences of ref to out, C# will obligingly compile the code. However,
now try changing Alterinteger to this:

static void AlterIinteger(out int i)
{
}

This has now become unacceptable to the C# compiler because the bod y
of the method implies that the parameter has already been set before the
method is called.

i +=33;

| f you do nréftor autskeywdrds,ghen arguments to methods are
passed by value. Essentially, a copy of the object is made and placed on
the stack for the method to use. If this object is a reference type (that is,
an array, or an instance of a class) then a copy of the reference is made
for use by the method.

So, if a parameter is a reference type, then the value passed to the
method is actually a reference , as the following program demonstrates.
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This program creates an array  of integers and sets the first element to

22. Then it passes this array to Alterinteger . However, that
the entire array is copied on the stack. The array is a reference, so only a
copy of that reference is made for use by the Alterinteger meth od. Even
though itds a copy of the reference,
memory. Alterinteger is able to change an element of the original array.

The program displays 55.

Now, add the following statement to the bottom of Alterinteger :
arr = null;

The program still works as before. The method is only setting its copy of
the arr reference to null, so Main still has its original  arr reference and
nothing bad happens.

Now | et 0 sref«&aldordttonthee method parameter, and see what
happens.

doesnodt

both
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Console.WriteLine(arr[0]);

static void Alterinteger(ref int[] arr)

{
arr[0] = 55;
arr = new int[5];

}

Now the arr reference it self declared in Main is passed by reference, so
that the method is able to alter the arr itselfin Main rather than just
elements of the array. The method sets arr to a new array, and each
element of a nearly allocated array  has an initialized value of 0. The
program displays the number O.

The difference between value types and reference types in C# may take

some getting accustomed to. Experi mentation

this topic more in Chapter 16.

The previous two pr ogram demonstate that you can pass whole arrays to
methods. The methods can then determine the size of the arrays with the
Length property and examine or change the array elements. However, a
method declared with an array parameter can be a bit more versat ile
with the param s keyword, as the following program demonstrates.

PassParamsArray.cs
I
/I PassParamsArray.cs (c) 2006 by Charles Petzold
I
using System;

cl ass PassParamsArray

{

static void Main()

{
int[]] arr = { 22, 33, 55, 100, 10, 2 };
Console.WriteLine(AddUpArray(arr));
Console.WriteLine(AddUpArray(22, 33, 55, 100, 10, 2));

}
static int AddUpArray(params int[] arr)

{

int sum = 0;

foreach (intiin arr)

sum +=1;
return sum;

}

Without the params keyword, the method would be able to accept an
argument that is an array of integers, add up the elements, and return
the sum. With the keyword params , another option becomes available: A

Version 1.1 Page 104



.NET Book Zero Charles Petzold

list of integers can simply be passed to the method, as demonstrated by
the second call to AddUpArray (inthe second WriteLine ).

Behind the scenes, the list of integers is made into an array, so t hereds
definitely no performance advantage to providing a variable list of

arguments. There must be no more than one params parameter to a

method, and it must be the last parameter . These rules are obvious if

you consider the confusion that might result w ithout them.

The most generalized form of  Console.WriteLine and String.Format use a
params parameter for the list of objects after the formatting string. Both
classes also provide methods with one, two, or three objects following the
formatting stringtop revent behind -the-scenes array creation when only

a couple items are being formatted.

Asl dve di smanammethdd begins execution, space on the stack is
reserved for all the local variables in the method. For an array, the

amount of space needed ont he stack is the size of a reference. If the
declaration of the array also includes element initialization, the compiler
generates code that allocates memory from the heap and initializes all

the element values in the array one by one.

If the array is decl ared in Main, the array creation and initialization occur

once when the program starts up. But suppose the array is in another

met hod. Hereds a | ittl e med-yeardaluelased cal cul at
on one -based month and day parameters (ignoring leap yea rs);

static int DayOfYear(int month, int day)

{
int]  daysCumulative = { 0, 31, 59, 90, 120, 151,
181, 212, 243, 273, 304, 334 };

return cumulativeDays[month - 1] + day;

}
For example the expression
DayOfYear(5, 10)

returns the day -of-year value for May 10 t, which is 130.

A program might be going through a file and calling this method

hundreds or thousands or even millions of times. Each and every time

the DayOfYear method is called, the array must be allocated from th e
heap and initialized. After the method exits, the block of memory

allocated from the heap is no longer referenced and becomes eligible for
garbage collection.

The whole process seems to cry out for some kind of constant  array.
However, you caaarraytusing e cohsa €anstants can be set
only to values available at compile time. An array requires a new
operation, and new operations occur at runtime .
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What you can do, however, is define the array as static , which means
thatitis initializedonlyo nce. But then you cand6t have th
the method in which ités used. The array mus

The following program defines two DayOfYear methods, one of which

uses an array inside the method, and another which uses a static array

outside the met hod. The program also uses the  Random class to generate
random numbers, and the  Stopwatch class to measure the time it takes

for 10 million calculations to occur.

The Stopwatch class in this project is in the System.Diagnostics
namespace, an dysterh dasemblynwhichniseSysgem.dll, so

youol l need a reference to that | ibrary. | n
Studio, right click References, select Add Reference from the menu, and
find System.

T estArraylnitialization.cs
I
/I TestArraylnitialization.cs (c) 2006 by Charles Petzold
I
using System;

using System.Diagnostics;

class TestArraylnitialization

{
const int iterations = 10000000 ;

static int[] daysCumulativeDays = { 0, 31, 59, 90, 120, 151,
181, 212, 243, 273, 304, 334 };

public static void Main()

{
Stopwatch watch = new Stopwatch();
Random rand = new Random();
watch.Start();

for (inti = 0; i < iterations; i++)
DayOfYearl(rand.Next(1, 13), rand.Next(1, 29));

watch.Stop();
Console.WriteLine("Local array: " + watch.Elapsed);

watch.Reset();
watch.Star t();

for (inti = 0; i < iterations; i++)
DayOfYear2(rand.Next(1, 13), rand.Next(1, 29));

watch.Stop();
Console.WriteLine("Static array: " + watch.Elapsed);
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The array defined inside the method is faster than you might anticipate.
Fortunately a rray initialization is optimized, so you can keep locally used
arrays inside of methods and not worry too much.
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Chapter 12. Exception Handling

C# supports structured exception handling. As youdbve experienced,
exceptions occur during  runtime and are identified by classes, such as

the DivideByZeroException class. Most of the basic exception classes can

be found in the System namespace; some are explicitly listed in the C#

Language Specification , 8§16.4. Often the documentation of various

classes, methods, and properties indicate exactly what exceptions can be

raised.

For example, the static  Double.Parse method indica tes it can raise three
types of exceptions:

o FormatException if the argumenti s notin the correct format.

o OverflowException if the resultant number is smaller than
Double.MinValue or larger than Double.MaxValue .

o ArgumentNullException if the string argument to the methodis null.

For example, the stri ngDouble.Paish vduliéade passed t o
an OverflowException because th e exponent is too large.

|l f youdd prefer that such problems are handl
program rather than by the Common Langua ge Runtime , you can

enclose the callto Double.Parse ina try block, which is followed by a

catch clause that deals with the exception:

double input;

try
{

}

catch

{

input = Double.Parse(Console.ReadLing());

Console.WriteLine("You typed an invalid number");
input = Double.NaN;

}
Notice that input variable is declared beforethe try bl oc k. I f 1 tdéds decl
withinthe try bl ock, then it woul dnodot tnbleockavail abl e
and coul dndt Ielsewheef erred t o

If Double.Parse succeeds in converting the input string into a double,
execution continues at the next statement following the catch block. If
Parse throws an exception, the the  catch block catches it. The code in the
catch block is executed, and then normal execution resumes with t he
code following the catch block. This particular  catch block displays a
message and then sets input to NaN. (You could also initialize input to
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NaN in the declaration statement and leave out this assignment.)
Presumably, the code that follows the catch block checks the value of
input for a NaN value and requests the user to re -enter the number.

Inareal -l i fe program that reads numeric values
probably put the try and catch blocks ina do loop and keep asking the

user to re -enter the values until Parse properly returns, as the following

program demonstrates.

l'tds I mportant t dParsedlrowgam exzeption, thea t Parsd

met hod doesndt actwually return to the progra

Execution leaps from somewhere deep ins ide the Parse method to the
catchcl ause. I n this program, if ynpunindonot i
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the declaration statement (or explicitly set input to a value before calling
Double.Parse ), then input will be uninitialized in the catch block.
The catch clause in the InputDouble program is known as a general catch
clause. It will catch any exception raised in the try block. You can
instead indicate thata  catch clause apply only to a specific type of
exception. For exampl e, fhhe basid sry datement t | e var i
that includes a specific  catch clause:
try

{
}

catch (System.Exception exc)

{

}

The catch keyword is followed by parentheses and a variable declaration

that makes it lo ok a bit like a parameter list to a method. Exception is a
class in the System namespace i you can leave out the System preface if
you have a using directive for System, of course fi and exc (which you can
name whatever you want) is declared to be an object of type Exception .
Within the catch block, you can use this  Exception object to obtain more
information about the error. You can display the Message property of the
object like so:

/I Statement or statements to try

/I Error processing

Console.WriteLine(exc.Message);

For the InputDouble program, the Message prope rty will be either the
string

Input string was not in a correct format.
if the user types letters rather than numbers (for example) , or:

Value was either too large or too small for a Double.

This error can be raised if the number is typed in scientific not ation with
too large or too small an exponent. You may prefer displaying messages
like these to the user rather than making up your own.

If you pass the Exception object directly to WriteLine as

Console.WriteLine(exc);

youol l e f f e c ToStung Imgthod @ theé Excapéon class, which
displays detailed information, including a stack trace. This is very useful
during program development.

Although the catch clause with the Exception object is classified as a

specific catch c | au s e, i t 06 s eanaraided ag the geretal a&adch g

clause. Thatodos because all the different exc
DivideByZeroException and OverflowException ) are defined in a class

hierarchy with  Exception at the top. (Actually, as Jeff Richter notes in
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CLRviaC#,pages426-4 2 7 , I tds possible for ClI
not derived from Exception .)
Earlier | indicated the various exceptions that Double.Parse can raise.
You can get very specific in the way you handle each of these exception:

try

{
}

catch (FormatException exc)

input = Doubl e.Parse(Console.ReadLine());

/I Handle format exceptions
catch (OverflowException exc)

/I Handle overflow exceptions

}

catch (ArgumentNullException exc)

/I Handle null argument exceptions

}

catch (Exception exc)

/I Handle all other exceptions (if any)

}

The catch clauses are examined in sequence for the first one that

matches the exception. The final catch clause can alternatively be a
general c¢clause with no parameter. At
individual types of exceptions, you should always include a general catch
clause or a catch clause using Exception atthe endto process all the
exceptions that are not handled individually.

In this particular example, the penultimate catch clauses should never
be executed because Console.ReadLine never return s null. But including
non -functional catch clauses never hurts, even if it just contains the
statement:

Console.WriteLine("This statement should never be executed");
|l tds surprising huhwnesshgestn you see s

The try block in this example actually has two method calls:
Console.ReadLine is executed first, and then  Double.Parse . It is possible
for Console.ReadLine to raise three types of exceptions:

o0 IOException if an input error occurs.

o OutOfMemoryE xception if not enough memory is available to store
the string object.

o ArgumentOutOfRangeException if the number of characters typed
by the user is greater than Int32.MaxValue or 2,147,483,647
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Of course, itis extremely improbable that Console.ReadLine will raise any

of these three e xceptions, and only someone who&6s extr eme
compulsive (or fatally pessimistic) will enclose every Console.ReadLine
statementina try bl ock. But itdés wuseful to keep in n

allocation of memory might raise a  n exception.

Thereds a third didallyuctese, that gou tae wse in thee
try statement. The finally clause comes after allthe catch clauses, like
this:

finally
{

}

The statements in the finally clause are guaranteed to execute following
the execution of the try clause (if no exception is thrown) or the relevant
catch clause.

/I Statements in finally block

Atfirst,the finally cl ause doesndt seem necessary. | f
executed after try and catch, why candt you sthangattchy put it
clause itself?

The answer is simple: The try or catch clause could containa return

statement to return control to the calling method or (if the method is

Main ) to terminate the program. In that case, the statements following

the last catch clause ofthe try st at ement woul d not be execut
where the finally clause helps out. If the try or catch clause contains a

return statement, the statement s inthe finally clause are guaranteed to

execute regardl ess. | t @rg orxdtch claupeavithsai bl e t o e X

gotoora throw st at ement , which | 611l describe short
the finally clause execute in those cases as well.

You generally use a finally clause for clean up. A finally clause might
close a file, for example.

| t 6 s blpmwhbavaa finally clause following a try clause but with no
catch clause. In this case, the user is notified of the error as if the

program did not handle the exception, but the finally clause is executed
before the program is terminated.

Besides catch ing exceptions, you should also know how to throw them. If

youdre writing a method that might encounter
generally youdoll want the method to throw an
calling the method of these problems. Th e throw statement can be as

simple as:

throw;

But this simple form of the throw statement can be used only in a catch
block to rethrow the exception.
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Otherwise, you must supply an argument, which is an instance of the

Exception class or any class that is derived from Exceptio n, including
classes you write yourself. Hereds the simpl
throw new Exception();

But thatds being unnecessarily vague about t
occurred. Try to use one of the more specifi
find a descende nt of Exception inthe System namespace that comes

close to what you want. For example, if your method has a string

parameter and the metrulbar gamént wios kpadsead, vy

probably have code that looks like this:

if (strinput == null)
throw new ArgumentNullException();

| t s al so p o s sting larguménoto thea sAsggunantNullException
constructor, perhaps to indicate the particular method parameter that
caused the problem:

throw new ArgumentNullException( "Input string" );

That str ing you pass become s part of the exception message ina  catch
clause. Instead of the Message property being

Value cannot be null.

it will be:

Value cannot be null.
Parameter name: Input string

As soon as a throw statement executes, the method is finished. No
further code will be executed.  If throw is executed as part of an  if
statement, i t makes no sense to have an  else clause:
if (strinput == null)
throw new ArgumentNullException();
else

{

}

You can simply fol low the if statement containing the  throw with the
other code:

/I Do stuff if exception is not thrown

if (strinput == null)
throw new ArgumentNullException();

/I Do stuff if exception is not thrown

Let 6s wr i tRarseomethoddowunsigned integers. Restricting it to

unsigned integers simplifies thelogic because negative signs wo
allowed. The method will throw the same three exceptions as the normal

Parse method.
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}

The MyParse method trims off any white space using the Trim method of

the String class and then uses a while statement to loop through all the

characters in the string. If a character passes the IsDigit test, the method

multiplies result by 10 and adds the new digit converted from Unic  ode to

its numeric value. MyParse doesndt expl i ©Ovetflbwfxception o w an
instead, it performs the calculation in a checked statement to generate

the normal OverflowException . The Main method lets you experiment

wit h MyParse and catches any exceptions it may throw.

Although Parse certainly provides a good example for exception handling,

you actually have an alternative. All the numeric types also support a

method named TryParse. Thi s met hod doesndnstcadiai se exce
it returns a bool indicating if the  string was successfully parsed. If so, the

number is returned as an argument defined using the out keyword.

Hereds the I nputDoubl es piirgPggseam converted to

InputDoublesWithTryParse.cs
I —mmmmmmeeeee
/I InputDoublesWithTryParse.cs (c) 2006 by Charles Petzold
I
using System;

class InputDoublesWithTryParse

{

static void Main()

double n um = GetDouble("Enter the base: ");
double exp = GetDouble("Enter the exponent: ");
Console.WriteLine("{0} to the power of {1} is {2}",
num, exp, Math.Pow(num, exp));
}
static double GetDouble(string strPrompt)
{
double input;
Console.Write(strPrompt);

while (Double.TryParse(Console.ReadLine(), out input))
{
Console.WriteLine();
Console.WriteLine("You typed an invalid number!");
Console.Writ eLine("Please try again: ");
Console.WriteLine();
Console.Write(strPrompt);

}

return input;
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Notice that the while statement uses the return value from
Double.TryParse as its Boolean argument. Also notice the second
argument to the TryParse method includes the out keyword.

The TryParse method is particularly handy in graphical environments

such as Windows Forms.  For example, suppose you have a dialog box
with an OK button named btn OK and a TextBox named txtbox for the
user to enter a floating -point number. You can install a TextChanged
event handler for the TextBox and whenever the text changes, you make
the following call:

btn OKEnabled = Double.TryParse( txtbox.Text, out input);

Thus, the OK butenableduntighe 6 TextBox éas proper
input.
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Chapter 13. Classes, Structures, and Objects

Although the .NET Framework defines many classes and structures )
including those that support the basic data types of C# such as int and
string i object -oriented languages such as C# allow you, the programmer,

to define your own classes and structures.

Very often, programs of wvarious sorts must
easy enough to define three integers in your program that you can se tto
represent a date:

int year, month, day;

However, if you have a method that must deal with this date in some

way, the method would require three parameters. Suppose you want to
write a method that determines the number of days between two dates.
That m ethod requires six parameters.

For these reasons and others, it is probably much more c onvenient to
deal with a particular date as a single entity rather than three separate
numbers. This convenience is a primary impetus behind object -oriented
programming.

You might assume that the .NET Framework already defines a class or
structure to represent dates, and you would be correct. T he DateTime
structure in the  System namespace is very important in .NET program -
ming, which is why | devote Chapter 23 toit.

But for this exercise i which begins in this chapter and continu  esin

several subsequentchapters Al 6d | i ke t o DateslIsna ooes nbth a t
exist. Or perhaps,you O vdeeci ded t hat usean éltdrnativatther
DateTime that you know inside and out.

Before the era of object -oriented programming, many  languages allowed
programmers to consolidate several variables into entities sometimes

referred to as programmer -defined data type s, or compound data types,

but very often named  structure s. Her eds a tCregdsenuadatar r e

struct Date

{ .
int year,
int month;
int day;
H
The keyword struct is followed by the name of the structure. The body of
the structure is enclosed in curly brackets. This particular structure
contains three members, all of which are fields, and all of which are of

type int.

Version 1.1 Page 117

d



.NET Book Zero Charles Petzold

Youcandefinea Datestructure the same way in C#, but
very useful. If a structure contains only fields, t he fields need to be

accessible from outside the structure, and for that reason they must be

preceded by the public keyword:

struct Date

{
public int year;
public int month;
public int day;

}

The keyword public is known as an access modifier and allows the fields
to be accessed from code outside the st ructure. If you want, you can
consolidate all three fields in a single de clara tion:

struct Date

{

}

The public access modifier applies to all three fields. (However, you canbo
use the C++ syntax for applying the public modi fier to multiple fields.)

public int year, month, day;

Also important is the fact that these three fields do not include the static
keyword, which means these are instance fields rather than static fields.

There is no instance keyword; members of a class or structure not

defined as st atic are instance by default.

Webdbve had frequent contact with both static
methods. The expression

i.ToString()

invokes an instance method that applies to a particular integer A an
instance of the Int32 structure. The expression

Int32.Pa rse(str)

invokes a static method. Static methods are always prefaced with the

class or structure name to whichactuddey bel ong
integer (otherwise known as an  instance of the Int32 structure ) to call

Parse.

Youdve al so ha dthdaticcfields,rsucle as the w Pl field in the
Math class. (Actually Pl is a constant, but a constant field is also
implicitly static.)  You refer to a static field by prefacing it with the class

name:
Math.PI

Instance fields are different. You cannot refer to an instance field by

prefacing it with the class or structure nan

reference the year field of the Date structure by prefacing it with the
name of the structure:
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Date.yea r =1969; // Won 't work!

Instead, you must first create an instance of the Date structure, which
you can do by declaring a variable of type Date:

Date dateMoonWalk;

Often when naming instances of classes or structures, | use a variable

name that begins with the lower  -case class or structure name, or an

abbrevi ation of that name. You can refer to the variable dateMoonWalk is
oan instanmatesbofuthered or oadate.odbj ect

Once you have declared a Date object, you can refer to the fields of that
object by prefacing the field with the variable nam e:

dateMoonWalk.year = 1969;
Or:

Console.WriteLine("The year of the first moon walk was " +
dateMoonWalk.year);

of

Hereds a compl et e pr odata structute,asets itdfeeltls, n e s

and then displays the information.

SimpleDateStruc  ture Demo .cs
I
/I SimpleDateStructureDemo.cs (c) 2006 by Charles Petzold
I
using System;

struct Date

{
public int year;
public int mon  th;
public int day;
}
class SimpleDateStructureDemo
{
static void Main()
{
Date dateMoonWalk;
dateMoonWalk.year = 1969;
dateMoonWalk.month = 7;
dateMoonWalk.day = 20;
Console.WriteLine("Moon walk: {0}/ {1}42}",
dateMoonWalk.month, dateMoonWalk.day, dateMoonWalk.year);
}
}
This file contains the definition of the Date structure and the definition of

a class named SimpleDateStructureDemo that containsa Main method
that refers to the Date structure. The order of these two definitions
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doesnodt ma Dateesrt .r ulchheur e doesndt have to be de:
SimpleDateStructureDemo class.

The structure and the class could also be defined in separate files, but

the two files must be part of t  he same project. If you develop a class or

structure that youdd I|Iike to reuse in multip
or structure in its own file is crucial.

You can even define the Date structure inside the  SimpleDateStructure -
Demo class (but notinside the Main method). The result might look
something like this:

class SimpleDateStructureDemo

{

struct Date

{
public int year;
public int nmonth;
public int day;

}

static void Main()

{

}
}

However, this Date structure would only be accessible from code inside
the SimpleDateStructureDemo class.

The code inthe Main met hod il l ustrates some unstated
using the Date structure. Both the  month and day fields are one -based

rather than zero -based. The month value ranges from 1 to 12 for January

through December. The day value is the familiar day of the month. Of

course, this simple  Date structure has no way of enforcing these rules,

but that will be a later enhancement.

| 6m al so g oi thayrule thatillecome into play later: The year
field shall refer to years in the common era of the Gregorian calendar.

The Gregorian calendar was established by Pope Gregory Xlll in 1582

and eventually adopted by  much of the rest of the Western worldt o
replace the Julian calendar in effect since the days of Julius Caesar. The

Julian calendar had leap years every four years. In the Gregorian
calendar , years divisible by 100 are not leap years, except if the year is

also divisible by  400.

As you can see, Yyou can declare instances of the  Date structure as easily
as you define instances of the  Int32 structure:

Date dateApollol1Launch, dateMoonWalk, dateApollo11SplashDown;

However, it is not possible (yet) to define an initial value for the structure
righti n the declaration statement.
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The SimpleDateStructureDemo program declares an object of type Date
like this:

Date dateMoonWalk;

Alternatively, it could initialize the Date structure with a declaration that
uses a new expression like this:

Date dateMoonWalk = new Date();

Or, following the simple declaration, you can set dateMoonWalk to the
new expression:

dateMoonWalk = new Date();

In either case, the new expression returns a Date structure has all its

fields set to zero. In this expression, it has the effect of initializing

dateMoonWalk to these zero values . The new expression essentially

0Ozeroes outo the object. | f the structure ha
were reference types ( string , for example), those fields would be set to

null .

Obviously the Simple Dat eStructureDemo prograaw doesnot
expression when defining the  Date object. The program compiles and

runs just fine. Thatds because tDate program s
object before accessing that field. A field that is not explicitly set A either
through a new expression or through an assignment statement i is
considered to be uninitialized and the C# co
that field.
As your structures start getting larger and more complex, the C#
compil er candt al wahgrsa padieulardieldmasheen seh e t
or not. |l tds a good i dea t mewgexgressont o t he hab
when defining instances of structures.
In this particular program, if you use a newexpression but dondt s
fields explicitly, the date will be displayed as:

0/0/0
That date is invalid. |l tds an invalid mont h,
year. There is no year zero. The year before 1 A.D. is1B.C.
If at all possible, you should define your structures so that the default
valueil whichisthe val ue the object geoutbythehmew it os ze
expression fi is valid and, moreover, represents something akin to zero for
the particular object. In theory, the default value for such a Date
structure should probably be the date January 1 in the year 1 , but it

doesndt seem quite possible to do that (yet)

You can define an array of  Date structuresusinga new expression with
the data type followed by an array size in square brackets:

Date[] dates = new Date[5];
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This particular new expression allocates m emory in the heap sufficient to
store five Date objects. Each Date object has three fields of four bytes

each, so thatds a total of 60 bytes.

You can set a particular element of this array like so:

dates[3].year = 1969;

dates[3].month = 7;

dates[3].day = 20;
And you can display the fields similarly. You index the array with square
brackets, and then refer to a field of that element with a period and the
field name. In the table of Operator Precedence and Associativity, both

array indexing (symbolized by  a[x] in the table) and the dot operator (  X.y)

have the same precedence and associate left to right.

The following is basically the same program as SimpleDateStructure -
Demo except that Date is defined as a class rather than a structure.

SimpleDateClassDemo.cs
I
/I SimpleDateClassDemo.cs (c) 2006 by Charles Petzold
I
using System;

class Date

{
public int year;
publi ¢ int month;
public int day;

}

class SimpleDateClassProgram

{

static void Main()

{

Date dateMoonWalk = new Date();

dateMoonWalk.year = 1969;
dateMoonWalk.month = 7;
dateMoonWalk.day = 20;

Console.Write Line("Moon walk: {0}/{1}/{2}",
dateMoonWalk.month, dateMoonWalk.day, dateMoonWalk.year);
}

A class is a reference type. When you simpl  y declare a variable using a
class like this:

Date dateMoonWalk;
then dateMoonWalk is consideredtobe uni ni ti ali zed. I

equal null. No memory has been allocated
assign anything to the fields because there is no memory to hold the
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values. Before you use dateMoonWalk at all you must use the  new
operator to create a new i nstance of the Date class. You can do this
either in the declaration statement itself

Date dateMoonWalk = new Date();

or in an assignment statement:

dateMoonWalk = new Date();

In either case, sufficient memory is allocated from the heap for an

instance of the Date c | as s . (l'tds 12 bytes plus
memory is automatically set to zero, all the fields of the instance are

effectively set to zero.

You can also declare an array of  Date objects:
Date[] dates;

At this pointthe  dates array is unini tialized. You can allocate memory for
the array usinga new expression by itself

dates = new Date[5];

or right in the declaration statement:

Date[] dates = new Date[5];

When Date was a structure, the  new expression allocated memory from

the heap sufficient  for 5 instances of the structure. When Date is a class,
memory is allocated from the heap sufficient for 5 references . Each of
these references is initialized to  null . What you now have is an array of 5
null references.

Before you can use any element oft  his array, you mustusea  new
expression for that element:

dates[0] = new Date();

Most | ikely, youdll allocate memorfgr
loop:
for (inti = 0; i < dates.Length; i++)
dates[i] = new Date();

Yo u c a n foreachu fere his job because the array elements are read -
only in the body of the  foreach .

f

over hee

or

Hereds another way to decl are, Daeeat e,

objects when Date is a class:

Date[] dates = new Date[5] { new Date(), new Date(), new Date(),
new Date(), new Date() };

As usual, you can leave out the first new expression when you initialize
the array in the declaration statement.
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Letds review.

Within a method such as  Main you can declare an object of type  Date like
this:
Date dat eMoonWalk;

Regardless whether Date is a class or a structure, space for dateMoon -
Walk is set aside on the stack. If  Date is a structure, the space on the

stack is the size of the structure, which is 12 bytes. If Date is a class, the
space on the stack ist he size of a reference. In each case, the object is
uninitialized.

Only if Date is a class can you assign  dateMoonWalk a null reference:

dateMoonWalk = null;
The object is no |l onger uninitialized, but
You can also use the new operator with the object:

dateMoonWalk = new Date();

If Date is a structure, then the fields of the structure are all set to zero.
The object is now initialized. If Date is a class, then memory is allocated
from the heap sufficient to store a Date object. The heap memory is set to
zero, effectively setting the fields of the class to zero. The object is now
initialized.
You can also declare an array of  Date objects:

Date[] dates;

Space on the stack is set aside for a reference. The dates array is a
reference regardless whether Date is a class or a structure. It is
unitialized.

Arrays themselves are always stored in the heap. You use the new

operator to allocate this heap memory:

dates = new Date[27];

If Date is a structure, then sufficient memory is allocate d from the heap
to store 27 instances of the  Date structure, with 12 bytes each. Each of
these instances is zeroed -out and considered initialized. If Date is a
class, memory is allocated to store 27 references. Each element of the

array is effectively init ialized to null and must be allocated individually
with a new expression.

Instances of structures require less memory and less overhead than
instances of classes, and require mu ch less activity when arrays are
involved. Structures are suitable for light -we ight objects, particularly
objects that are similar to numbers in some way. Whenever you need a
new class or structure that has just a few fields, you should probably
make it a structure, especially if you expect to be creating arrays of the
objects.
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However, there are certainlytrade -of f s. As iytheciBaptérs s e e
ahead, structures ha ve some distinct drawbacks.
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Chapter 14. Instance Methods

One common task when working with dates is calculating day -of-year
values, which is th e number of days from the beginning of the year to a
particular day.

One part of this job is determining whether a year is a leap year or not.
This static method does that job:

static bool IsLeapYear(int year)
{
}

Chapter 11 showed a static DayOfYear method that ignored leap years.
The method used a static array named daysCumulative to simplify the
job:

return year % 4 == 0 && (year % 100 =0 || year % 400 == 0);

static int[] daysCumulative ={ 0, 31, 59, 90, 120, 151,
181, 212, 243, 273, 304, 334 };

static int DayOfYear( int month, int day )
{

return daysCumulative[month - 1] + day;
}
As we discovered in that chapter, 1td8s bette
as static fields rather than lo  cal variables so they only get initialized

once.

The DayOfYear method is fairly easy to alter to take account of leap
years. All thatds necessary is to add 1 when
the month is March or later:

static int DayOfYear( int year, intm onth, intday )

{

return daysCumulative[month - 1] +day +
(month > 2 && IsLeapYear(year) ? 1 : 0);

Notice that an extra parameter had to be added for the year, and that the
method makes use of the IsLeapYear method.

However, one of the reaso ns we originally decided it might be best to
treat dates as single entities is to avoid having three parameters to
methods like DayOfYear . It would be much better having just one
parameter of type Date:
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static int DayOfYear(Date dateParam)
{

return day sCumulative[dateParam.month - 1] + dateParam.day +
(dateParam.month > 2 && IsLeapYear(dateParam.year) ? 1 : 0);

}

Now, rather than referring to the year, month, and day parameters to the

method, it refersto  dateParam.year , dateParam.month , and dateParam. -

day . Unfortunately, simplifying the parameter list seem s to make the

body of the method moreficoimpl eshr Dokdbaekrdg
size before the end of this chapter.

Letds put all this stuff in a working progra
StructureAndMethodsOne because it is the first in a three -part series

that evolves from traditional procedural programming to object -oriented

programming. This program declares Date as a structure, but nothing in

this chapter depends on that. You can change Date to a class and all the

programs in this chapter  will work the same.

StructureAndMethodsOne.cs
I
/I StructureAndMethodsOne.cs (c) 2006 by Charles Petzold

B
using System;

struct Date

{
public int year;
public int month;
public int day;

}

class StructureAndMethodsOne

{

static void Main()

{

Date dateMoonWalk = new Date();

dateMoonWalk.year = 1969;
dateMoonWalk.month = 7;
dateMoonWalk.day = 20;

Console.WriteLine("Moon walk: {0}/{1}/{2} Day of Year: {3}",
dateMoonWalk.month, dateMoonWalk.day, dateMoonWalk.year,
DayOfYear(dateMoonWalk));

}

static bool IsL eapYear(int year)

{
}

static int[] daysCumulative = { 0, 31, 59, 90, 120, 151,
181, 212, 243, 273, 304, 334 };

return year % 4 == 0 && (year % 100 != 0 || year % 400 == 0);
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static int DayOfYear( Date dateParam)
{

return daysCumulative[dateParam.month - 1] + dateParam.day +
(dateParam.month > 2 && IsLeapYear(dateParam.year) ? 1 : 0);

}

The Date structure is the same as the one in the previous chapter. All

| 6 ve daddane stasc field and two static methods to the
StructureAndMethods class to calculate the day -of-year for a particular
Date object. The callto DayOfYear occursinthe Console.WriteLine callin
Main .

There is nothing really wrong with this program, but thereds not much
that coul dndot al Bneoftheobjdctvasef object Coriented

programming is to write code that is reusable, and perhaps even

accessible from a dynamic link library. If we have a structure named

Date, then it helps if that str ~ ucture itself contains methods that involve

these dates.

C doesndot allow putting codaiented a structur e,
languages like C++ and C# allow classes and structures to contain both

code and data . (Of course, you know this already, because class es that

contain methods like  Main can also contain fields.)

StructureAndMethodsTwo.cs
I
/I StructureAndMethodsTwo.cs (c) 2006 by Charles Petzold

I -
using System;

struct Date

{
public int year;
public int month;
public int day;

public static bool IsLeapYear(int year)

{
}

static int[] daysCumulative = {0, 31, 59, 90, 120, 151,
181, 212, 243, 273, 304, 334 };

return year % 4 == 0 && (year % 100 != 0 || year % 400 == 0);

public static int DayOfYear(Date dateParam)
{

return daysCumulative[dateParam.month - 1] + dateParam.day +
(dateParam.month > 2 &&  IsLeapYear(dateParam.year) ? 1 : 0);
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class StructureAndMethodsTwo

{

static void Main()

{
Date dateMoonWalk = new Date();

dateMoonWalk.year = 1969;
dateMoonWalk.month = 7;
dateMoonWalk.day = 20;

Corsole.WriteLine("Moon walk: {0}/{1}/{2} Day of Year: {3}",
dateMoonWalk.month, dateMoonWalk.day, dateMoonWalk.year,
Date.DayOfYear(dateMoonWalk));

}

This is really quite similar to the first version of the program except that

stuff has been moved around. | cut and pasted the two static methods

and static field into the  Date structure themselves. Because the
DayOfYear method needs to be accessed from outside the class | gave it a
public modifier. | also gave IsLeapYear a public modifier just in case
anyone wants to use that one. But daysCumulative | left private under
the assumption that this array wo u |l d n @ety impatant to external
classes.

You might notice that  IsLeapYear has a parameter that is the same name
as one of the fields. Thaté s OK. Wi t hi n yebdrhrefersnuoetiteh o d ,
method parameter.

The only real difference in  Main is how the DayOfYear method is called.
When it was in the same class as Main , it was called like this:

DayOfYear(dateMoonWalk)

Now it ds athodihthe iDate strecture so when called from
outside the structure, it must be prefaced with the structure name:

Date.DayOfYear(dateMoonWalk)

However, DayOfYear can still referto IsLeapYear without prefac ing it
with the structure name because the two me thods are in the same
structure.

The next enhancement to the program certainly simplifies it. This
enhancement changes DayOfYear from a static method to an instance
method. Moving the static DayOfYear method into the Date structure
was only the preliminary  step to this much more important change.

StructureAndMethodsThree.cs
1l
/I StructureAndMethodsThree.cs (c) 2006 by Charles Petzold
1l
using S ystem;
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struct Date

{
public int year;
public int month;
public int day;
public static bool IsLeapYear(int year)
{
return year % 4 == 0 && (year % 100 != 0 || year % 400 == 0);
}
static int[] DaysCumulative = { 0, 31, 59, 90, 120, 151,
181, 212, 243, 273, 304, 334 };
public int DayOfYear()
{
return DaysCumulative[month - 1]+ day +
(month > 2 && IsLeapYear(year) ? 1 : 0);
}
}
class StructureAndMethods  Three
{
static void Main()
{

Date dateMoonWalk = new Date();

dateMoonWalk.year = 1969;

dateMoonWalk.month = 7;

dateMoonWalk.day = 20;

Console.WriteLine("Moon walk: {0}/{1}/{2} Day of Year: {3}",
dateMoonWalk.month, dateMoonWalk.day, dateMoonWalk.year,
dateMoonWalk.DayOfYear());

}
}

The static version of DayOfYear in the previous program calculated a
day-of-year value based on a Date parameter to the method. It needed

this paramet er to reference the three fields of the particular Date
structure for which dJoftyasvaloeal cul ati ng

The instance version of DayOfYear has no parameter; instead, it refers
directly to the three instance fields of the structure. Notice how much the
DayOfYear code has been simplified: Rather than dateParam.m onth, it
can now simply reference  month. Any instance method in a class or

structure has direct access to the instance fields of that class or

structure.

Now look at Main . Previously Main had to call the static DayOf Year
method by specifying the  Date structure in which the method is declared,
and passing a Date object to the method:

Date.DayOfYear(dateMoonWalk)
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The new version calls the parameterless DayOfYear method using the
Date instance:

dateMoonWalk.DayOfYear()

The DayOfYear method basically needs the same information it did
before a year, a month, and a day. In the static version, it was getting

this information through the method parameter. The instance version of

the method is always cal led based on a particular instance of the

structure so the method can access the structure instance fields directly.

This code change also brings about a change in perspective. Previously
Main was asking the DayOfYear method inthe Date structure to

calcul ate a day -of-year value for a particular instance of Date. Now the
Main method is asking the Date instance named dateMoonWalk to
calculate its own day -of-year value.

| 6 ve IkeapYear a static method just for some variety. Perhaps a
static IsLeapYear method might be useful if a program wanted to
determine if a particular year were a leap year without actually creating
an instance of the Date structure.

Any instance method i n a class or structure can access instance fields in
the class or structure ; also, any instance method can  call any other
instance method in the class or structure . Any instance method can also
access static fields and call any static method in the class or structure.

However, you candét go the a«anhoeaccessay. A st ati
in stance fields in the same class or structure, and a static method

cannot call instance methods. (Well, actually, a static method can call an

instance method or access instance fields, but only if that static method

has access to an instance of the class i like DayOfYear in the

StructureAndMethodsTwo pr ogr am. I n general ,)At hatds not
static method candét access instance fields o
because an instance of the class doesndt eve
method is called.

The firs t instance method you encountered in this book was ToString . As

you discovered, i1itodés possible for a program

Console.WriteLine and th e ToString method provides some kind of text
representation of the object . You might be curious to try this with the
Date structure by inserting the statement

Console.WriteLine(dateMoonWalk.ToString());

or just:
Console.WriteLine(dateMoonWalk);

Il n either case, youoll get the string
Date
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which is nothing more nor less than the name of the Date structure. Th e
Date structure certainly seems to have a ToString method, but at the

moment itds not doing anything very interest

Every class and every structure in the .NET Framework i including those
classes and structure you write yourself A has a ToString method. Th e
ubiquity of ToString is made possible through inheritance, which is one

of the primary characteristics of object -oriented programming. When one
class inherits (or derives ) from another class, the new class acquires all

the non -private fields and methods  of the class it inherits from, and it

can add its own fields and methods to the mix. The class that a new

class derives from is called the  base class, and base is also a C#
keyword.

One of the primary differences between classes and structures involves
inh eritance. Classes can inherit from other classes, but a structure
exists mostly in isolation. A structure cannot explicitly inherit from
anything else, and nothing can inherit from a structure.

All classes and structures derive from the grand matriarch of the .NET
Framework, System.Object . In C#, the keyword object is an alias for
System.Object .

Another important class in the System namespace is System.ValueType |,

which inherits directly from System.Object. Al t hough structures ¢
explicitly inherit from  anything else, all structures implicitly derive from
System.ValueType .
The techniques and implications of inheritance will become more evident
in the chapters ahead. For now, you should know that the ToString
method exists in all classes and structures bec ause itds defined in
System.Object class like so:

public virtual string ToString()

{

}
Actually, just so you wono6t thi moaStriighe def aul
is a long sophisticated chunk of code, | wou

implemente d like this:
public virtual string ToString()
{
}

GetType is another method defined by = System.Object . It returns an object
of type Type, and FullName is a property of the Type class that returns
the namespace and name of the  type.

return GetType().FullName;

At any rate, take note of the  virtual keyword. This keyword means that
any class or structure can provide a custom -made ToString method that
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supersedes the one declared in  System.Object . This is known as
overriding the method, and you do it using th e override keyword. To
provide a custom ToString method, you declare it like so:

public override string ToString()
{
}
Everything else about the method i the existence of the public keyword,

~

the return value of  string , and the absence of parameters i must be the
same.

The virtual and override keywords are closely related. A virtual method in

one class can be superseded by an override met hod i n a derived cl
have more to say about this in Chapter 19.
A custom ToStrin g method must return an object of type string , and

frequently it uses the  String.Format static method for formatting data for
di splay. Her edos a Duatestructueerwghisucha o ffoStririge
method.

StructureWithToString.cs
I
/I StructureWithToString.cs (c) 2006 by Charles Petzold
I
using System;

struct Date

{
public int year = 1;
public int month;

public int day;
public st atic bool IsLeapYear(int year)
{
return year % 4 == 0 && (year % 100 != 0 || year % 400 == 0);
}

static int[] daysCumulative = { 0, 31, 59, 90, 120, 151,
181, 212, 243, 273, 304, 334 };

publici nt DayOfYear()
{

return daysCumulative[month - 1] +day +
(month > 2 && IsLeapYear(year) ? 1 : 0);

}

static string[] strMonths = {"Jan", "Feb", "Mar", "Apr", "May", "Jun",
IIJUIlI, llAugll, IIS epll’ Iloctll, IINOVII, llDeCll};
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public override string ToString()
{

}

return String.Format("{0} {1} {2}", day, strMonths[month - 1], year);

}

class StructureWithToString
{

static void Main()

{
Date dateMoonWalk = new Date() ;

dateMoonWalk.year = 1969;
dateMoonWalk.month = 7;
dateMoonWalk.day = 20;

Console.WriteLine("Moon walk: {0}, Day of Year: {1}",
dateMoonWalk, dateMoonWalk.DayOfYear());

}

ToString is an instance method,  of course, so it can refer directly to the
fields of the Date structure. It also makes use of a static array of month
names, and choose s to format the date in the European fashion

Now Main can display the date just by passing an instance such as

dateMoon Walk to Console.WriteLine . Console.WriteLine passes the object
to String.Format, whi ch c al | sToStrihngemethddjwhichtal§os
calls String.Format .

But the problem with invalid dates is getting much more critical. Try the
two statements:

Date d at eDefault = new Date();
Console.WriteLine(d  at eDefault );

The ToString method of Date now throws an exception because it

attempts to access strMonths with an index of 9d1. DayOfYear has a

similar problem. That might suggest to you that ToString or DayOfYear is

at fault and must be fixed. Butthat 6s not so. The problem oc
earlier, when Date allows an invalid date to be created in the first place.

We must prevent that from happening.
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Chapter 15. Constructors

Consider this express ion:

new Date()

What this expression actually does depends on whether Date is a
structure or a class. If  Date is a class, the new operator allocates
memory from the heap sufficient to store an object of type Date. This
memory must be sufficient for all the instance fields defined in the class.
The memory allocation causes these fields to be set to zero, which causes
all value -type fields to be set to zero, and all reference  -type fields to be
setto null. The new operator returns a reference to the memory in the
heap.

If Date is a structure, th e new expression returns a Date object with all
its fields set to zero, butthe  new expression by itself doesn oreally do
much of anything . If dt is an object of type Date, then the expression

dt = new Date()
effectiv ely sets all the fields of dt to zero or null.

In either case, this behavior has been causing problems. We want a
newly created Date object to represent a date of 1/1/1 rather than
0/0/0.

One way to fix this problem is to simply initialize the fields in th e
declaration statements:

class Date

{
public int year = 1;
public int month = 1;
public int day = 1;

}

Now a little more happens during the new expression. After the memory

for the instance has been allocated from the heap, the three f ields are all
initialized to 1. ltds a valid date.

The only problem is that you can initialize fields only for a class. If Date

is a structure, then fields are always initialized to zero or null , and you

canodt override that behaaniemormessagethati t and you
saysyouocannot have instance field initializer

This prohibition is part of the reduced overhead involved with structures.
For an individual structure, it may not seem like much, but it really
makes a difference when a  program creates an array based on a
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structure type. |l tds much faster to all ocate
initialized to zero , rather than to initialize each and every element of the
array to specific field settings , particularly considering that some of these

fields could be reference types setto new expressions themselves

Of course, arrays based on classes work much differently. Each element

of the array is initialized to null and must be created with another new
expression. Only thenis memory all ocated for each element and the
fields are initialized.

There is another approach to object initiald@i
generalized than just setting fields. You can initialize fields and perform
other arbitrary initialization in special methods known as constructors .

Constructors are  so called because they construct the object.
Constructors are methods that are executed automatically when an
object is created.

In class or structure definitions, constructors look much like other
methods but with two un  ique characteristics : First, they have the same

name as the class itself. In a class or structure named Date, a
constructor has the name  Date. Secondly, constructors have no return
value.

He r e & snew bxaression again:

new Date()
The right side of that  expression looks like a call to a method named Date
with no arguments. Thatds a con®datg uctor . Her

class containing a constructor that initializes the three fields to 1:

class Date

{

int year, month, day;

public Date()
{

year = 1;
month = 1;
day = 1;

}

If Date were a regular method, it would have a return type between the
public keyword and the method name.

A constructor with no parameters is known as a parameterless
construct or. And hereds another difference bet
structures: You canod6t declare a parameterl es

(Again, this prohibition exists primarily to speed up array creation
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involving structure types.) So now you see two ways of initializing fields
in a class, but neither of them works in a structure.

In a class, you can initialize some fields in the declaration statements
and some fields in a constructor:

class Date

{ .
int year;
int month = 4;
int day = 1;

public Date()
{

year = 1;
month = 1;

}

Thereds really no di ff ewagsrofdngialibng fielde e.n

The constructor that the C# compiler generates (which has the name

.ctor when you examine itinthe  IL Disassembler ) first contains CIL code

that sets the fields in accordance with their declaration statements, and
then CIL code for the C# code you explicitly put in body of the con -
structor. In this odd example, the month field ends up as the value 1.

The constructor is required to be public if you want to allow code external
to the class to create objects. If not, you can define the constructor as
private or just leave off the public modifier.

t hese

Besides the parameterl ess conselarector, it

constructors that include parameters. These can be very useful for object
initializati on. For example, so far
Date object like so:

Date dateMoonWalk = new Date();

dateMoonWalk.year = 1969;

dateMoonWalk.month=7 ;
dateMoonWalk.day = 20;

With a parametered constructor, you can conceivably do it like this:
Date dateMoonWalk = new Date(1969, 7, 20);

Again, the expression on the right looks like a method call, and it
essentially is. The constructor has three parameter s. Without any
consistency checking, it might be defined like this:

class Date

{

int year, month, day;
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public Date(int yearlnit, int monthinit, int daylnit)
{

year = yearlnit;
month = monthinit;
day = daylnit;

}

You can declare a parametered constructor in either a class or a
structure.

| gave the three parameters to the constructor slightly different names

than the fields just so thereds no confusi on
same names, and doing thatis  usually easier than making up slightly

different names. To distinguish fields from the parameters, you preface

the field names with the keyword this:

class Date

{

int year, month, day;

public Date(int year, int month, int day)

{
this.y ear =year;
this.month = month;

this.day = day;
}
}
Within instance methods in a class or structure, the keyword this refers
to the current object.  You can actually preface all references to instance
fields and instance methods with ths and a period, but obvious
required.
By providing a constructor with multiple parameters in your classes and
structures, youdre giving programmers who us
convenient way to create objects. However, the multi -parameter
constructor isndt quite as safe as forcing p
explicitly. I f all the parameters are the sa

up. (On the other hand, someone using the class or structure might
forget to set a field.)

The C# Language Specificaton , A10. 10. 4 states, o0lf a cl as
instance constructor declarations, a default instance constructor is

automatically provided. o

By odefault i nst an cC#Languags $pecificatiom risdf t h e

referring to the default paramet  erless constructor. We know this is true
because the versions of the  Date class and structure in earlier chapters
contained no instance constructor declarations, but they still seemed to
contain a parameterless constructor anyway .
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But this statement  from t he C# Language Specification has another
profound implication: If you explicitly declare a parametered constructor
in your class, then the default parameterless constructor disappears.
Youdd be abl date¢ abjeatlikethist e a

Date dt = new Date(200 7, 3, 5);

But you couldnét do it | ike this:
Date dt = new Date();

Youdd get the coonepdad EPoermetrthodlo6Dat ed
arguments. o6 I f you decl are parametere
explicitly include a parameterless constructor if y ou want objects to be
created using a parameterless constructor. You may not. You may want

to prevent objects from being created with a parameterless constructor.

|l tds your choice.

With structures, it doesndt matter if
with parameters or not. C# continues to provide a public parameterless
constructor and thereds nothing you c
implication is simple: You can always create an array of a structure type

because structures always have a parameterles S constructor.

Parametered constructors are particul
an array of initial i z eodethatiscertaitlysexpliciHe r e
about which fields of which array elements are being set:

Date[] dates = new Date[3];

dates[ 0] = new Date();
dates[0].year = 2007;
dates[0].month = 2;
dates[0].day = 2;

dates[ 1] = new Date();
dates[ 1].year = 2007;
dates[ 1].month = 8;
dates[ 1].day = 29;

dates[ 2] = new Date();
dates[ 2].year = 2007;
dates[ 2].month = 10;
dates[ 2].day =22

If Date were a structure, the first new expression would be required but
the others would not. But the real concision comes when Date has a
parametered constructor. Each element of the array could be setin a
single statement:

Date[] dates = new Date[3];

dates[0] = new Date(2007, 2, 2);

dates[ 1] = new Date(2007, 8, 29);

dates[ 2] = new Date(2007, 10, 22);
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Or the three elements can be initialized during array creation:

Date[] dates = { new Date(2007, 2, 2), new Date(2007, 8, 29),
new Date(2007, 10,22 )}

What you cannot do in C# is initialize an array by just listing the values
of the fields as you can in C or C++.

The following program contains a parameterless constructor that
initializes the date to 1/1/1, and a constructor with three parameters
tha t performs extensive consistency checking, which now rather
dominates the code.
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A constructor has no return value. If a constructor encounters a problem

and candt continue, it has Ilittle choice but
constructo r, | decided that the  ArgumentOutOfRangeException seemed to
best describe the problem. To help in diagnosis, | 6ve prthevi ded

exception constructors with arguments indicating whether the year,
month, or day was the primary culprit.

Of course, avi dyioougpbree cplrass to other programm
clearly document that a constructor can raise an exception if the input is

not valid.

Notice the const r isleap¥ead methads Ik IslbebpYeah e

were an instance method rather than a static met hod, the constructor

might still be able to use it, but only with

when the constructor calls  IsLeapYear , it has not yet setthe  year field,
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so an instance version of IsLeapYear would use the value of year when
the object was f irst allocated from the heap, and that would be 0. Be
very, very ca utious when calling instance methods from constructors.

If a class or structure has multiple constructors, they can make use of
each other, but in a very special way. For example, suppose y ou want to
have an additional Date constructor with just one parameter:

Date dateNewYearsDay = new Date(2008);

You might want this constructor to make a Date object for January 1 of
t hat vy e ad prefdr ot tyduplidate some of the code already in th e
three -parameter constructor, you can define this new constructor like
this:

public Date(int year) : this(year, 1, 1)

{

}
Notice the colon following the parameter list. The colon is followed by
something resembling a method call, but with the word this with three
arguments. This actually refers to the three -parameter constructor called
with month and day values of 1. Before executing the body of the one -
parameter constructor (if any), this three -parameter constructor is called.

A call from one constructor  to another is called a  constructor initializer

and itdés the only way o ndeectcusenofanatherct or can
constructor. If you need more flexible ways of sharing code among

constructors, you can define some methods (probably static methods) in

the class specifically for common initialization tasks that multiple

constructors need to perform.

| mentioned earlier that the C# compiler generates code that it inserts

into the constructor to initialize instance fields. That generated code is
always exec uted firstin any  constructor. Next is the call to the
constructor initializer, followed by the actual code in the body of the
constructor.

If your class contains many constructors, each of the compiled

constructors will contain identical CIL code to set the instance fields to
their initialized values. To avoid this duplicated code, you might want to

not initialize the fields in their declaration statements and instead

initialize them in the parameterless constructor. The parametered
constructors can then execute the code in the parameterless constructor
through a constructor initializer.

The opposite approach makes more sense for the Date class. The
parameterless constructor can use the parametered constructor by
including a constructor initializer:
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public Date() : this(1, 1, 1)
{
}

|l f you dondot explicitly provide a constructo
calls the parameterless constructor in the base class, which is the class
t hat your c¢class derives from. (I 0&l]1 di scuss

18.) In effect, every constructor calls one (and only one) constructor
initializer before executing the code in the body of the constructor.

A class or structure can contain one static constructor, which must have
no parameters. Th e declaration of the static constructor must include the
static keyword but no other modifier. A static constructor in the Date
class might look like this:

static Date()
{

}

The code in the static constructor is guaranteed to execute before any

ins tance constructor, and before any static member in the class is

accessed. Even if you dondot explicitly inclu
generated in intermediate language to initialize static members, such as

the static arrays inthe  Date class. In CIL , the static constructor shows

up with the name .cctor. (The instance constructors have the names

.ctor.)

The static constructor is a good place to perform initialization of static

fields if a declaration statement isndt qui't
constr uctors in a WPF program named ClockStrip, the source code of

which is available for downloading from www.charlespetzold.com/wpf

One of these static constructors accesses the Windows registry to obtain

time -zone information for all the time zones of the wo rld. Another static

constructor assembles a collection of locations  and their time zones

around the world
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Chapter 16. Concepts of Equality

Before continuing with the Date class, it might be useful to explore in
more depth the d ifferences between classes (reference types) and
structures (value types). As you know, C# supports an equality operator

A==
and an inequality operator:
Al=B
The equality operator returns true if the two operands are equal; the

inequality operator ret urns true if the two operands are not equal. These
operators work with numeric types as well as char, bool, and string .

Every class and structure includes a method named Equals . This method
is defined by the System.Object class as a virtual method

public  virtual bool Equals(object obj)

The method is inherited by all other classes and structures, including
those that you define. You can use Equals with two strings to determine
if they represent the same character string. The comparisonis case
sensitive . For example:

string str = "abc";

bool bl = str.Equals("abc™);
bool b2 = str.Equals("Abc");

In this code, bl issetto true but b2 is setto false. You can also use
Equals with integers:

intil =55, i2 = 55;
bool b3 = i1.Equals(i2);

In this code, b3 issett o true.

Because Equals i s i nherited by all other cl asses an
helpful to see how it works with classes and structures that you define
yourself . Her eds a | it t IP@ntCtassatisascontamsmeocublic

fields named x and y, perhapst o representatwo -dimensional coordinate
point.

PointClass.cs
Il
/I PointClass.cs (c) 2006 by Charles Petzold
i/
class PointClass

{
}

public int X, y;
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And h er eustsre that defines the same two fields.

The EqualsTest project includes both those files and EqualsText.cs,
shown below. (To add additional source code files to a project in Visual
Studio, just right click the project name in the solution explorer, and

choose Add and then New Item from the menu. Or, pick Add N ew ltem
from the Project menu.)

The Main method creates two PointStruct objects named psl and ps2,

and two PointClass objects named pcl and pc2, and sets all the fields to

55. It then compares them using the Equals method and (for the two

classes only) the equality operator. Hereds
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psl.Equals(ps2) results in True
psl.Equals(pcl) results in False
pcl.Equals(pc2) results in False
pcl == pc2 results in False

The first Equals call compares the two structures, and this call returns
true . That should make us happy that two structures with their fields set
to the same value are considered to be equal.

The second Equals call com pares one of the structures with one of the
classes, and it returns  false . Maybe it just doesndt make s
compare two objects of different types.

The third Equals call compares the two instances of the PointClass class,
and here is revealed something  rather disturbing.  Equals returns false,
even though the two objects appear to be identical. Moreover, comparing

the two objects with the equality operator also return s false . Why is this?

A class is a reference type. What are  pcl and pc2 really? They are
references to memory blocks that have been allocated in the heap. The

two objects might contain identical information but they are separate
and distinct. The references are not equal. For that reason, the Equals
method in  Object (which PointClass inherits ) returns false.

The ValueType class (which is the implicit base class of all structures)

overridesthe Equals met hod, so thatds the one that ap;i
structures. ValueType implements its own concept of  Equals to perform a

different type of compariso n that involves the actual fields of the object. If

the two objects are instances of the same structure, and all the fields are

equal, then Equals returns true. Thisis called a bitwise equality test.

You can use the equality operator with classes, and it returns the same
value as the Equals method . The default equality operator implements
reference equality.

The equality and inequality operators are not implemented for structure
types. If you want a structure to implement the equality and inequality

operat or s, youdl I have to define them yourself
Chapter 20.
This different notion of equality also implies a di stinction between

reference types and value types that involves their application

Structures are best  suited for creating objects that are somewhat

numeric -like. Two coordinate points with the same x and y values should
certainly be treated as equal.

However, suppose youdre dealing wivoh object s
definefieldstost or e t h & name, bithaate) height, and weight. If

two people have the same name, birth date, height, and weight, are they

the same person? Not necessarily, and perhaps the fact that these two

people are represented by two different objects tells you that these ar e
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actually two separate people. (However, if the two objects had the same

value in the SocialSecurityNumber field, then they probably do represent

the same person and should probably be treated as equal.) Similarly, if

two graphical buttons have the same t ext, and the same size, and the

same location on the screen, are they equal? Are they the same button?

No. |l f theydre two different objects, then t
one is sitting on top of the other.

Whenever you create a class or structur e, you should give some thought

to the concept of equality. fyou rconcept doesndt match the d
implementation, then you can override the Equals method. (1 61 I show you
how shortly.) You can al so define equality a

demons trate in Chapter 20.

Consider the String class. Because String is a class, the Equals method
and equality operators would normally implement reference equality. But
String overrides this method and  the equality operators so they perform
comparisons of the character strings rather than comparisons of the
references. This type of comparison is more valuable to us.

A related difference between classes and structures involves assignment.
Suppose you define two integers like so:

inti 1 =22,i2=33;

First you set il equalto i2, and then you set i2 to something else:
i1=i2;
i2 = 55;

What does il equal? Obviously 33, the value it obtained when it was

assigned the original value of 2. But sometimes assignment I
intuitive , because sometimes assignment involves references.

Her e ds an @ et hamed ApsigramentTest. The AssignmentTest.cs
file is shown below, but this project also makes use of the PointClass.cs
and PointStruct.cs files from the EqualityTest project.

fyoudr e typing t hese ofui Iperso biarb|yo wrosnedltf ,waynt mt
copies of th e files hanging around . Instead, you want the AssignmentTest

project to have links to the existing files. In Visual Studio, you can right -

click the project name in  the solutio n explorer, and choose Add and

Existing Item from the menu. Or pick Add Existing Item from the Project

menu. Navigate to the EqualityTest direct ory, pick the files you want

links to, click the arrow next to the OK button, and pick Add As Link.

AssignmentTe st.cs
I
/I AssignmentTest.cs (c) 2006 by Charles Petzold
I
using System;
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class AssignmentTest

{

static void Main()

{
PointStruct ps1 = new Poin tStruct();

psl.x = psly = 22;

PointStruct ps2 = new PointStruct();
ps2.x = ps2.y = 33;

psl = ps2;
ps2.x = ps2.y = 55;

Console.WriteLine("ps1 is ({0}, {1})", ps1.x, psl.y);
Console.WriteLine("ps2 i s ({0}, {1})", ps2.x, ps2.y);

Charles Petzold

Console.WriteLine("ps1.Equals(ps2) results in " + ps1.Equals(ps2));

PointClass pcl = new PointClass();
pcl.x = pcly = 22;

PointClass pc2 = new PointClass();
pc2.x = pc2.y = 33;

pcl = pc2;
pc2.x = pc2.y = 55;

Console.WriteLine("pcl is ({0}, {1})", pcl.x, pcl.y);
Console.WriteLine("pc2 is ({0}, {1})", pc2.x, pc2.y);

Console.WriteLine("pcl.Equals(pc2) results in " + pcl.Equals(pc2));

Consde.WriteLine("pcl == pc2 results in " + (pcl == pc2));

}

The first half of Main roughly parallels the example | just showed with
integers, but with two structures named psl and ps2. The two fields of
psl are first both assigned 22, and the two fields of ps2 get 33. Then psl

issetto ps2:

psl = ps2;
The two fields of ps2 are then assigned 55. What does
what the program reports:

pslis (33, 33)
ps2 is (55, 55)
psl.Equals(ps2) results in False

pslequal ?

The two fields of psl are both the values obtained when psl was

assigned from ps2, rather than the values later set to
works the same as with the integers.

The second half of Main contains parallel code but using

ps2. The code

PointClass

rather than PointStruct . Two objects named pcl and pc2 are created and

assigned values, and pcl issetto pc2:
pcl = pc2;
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The program then assigns 55 to the two fields of pc2, and displays the
results:

pcl is (55, 55)

pc2 is (55, 55)

pcl.Equals(pc2) results in True

pcl == pc2 results in True

What happened here? Why does pcl have the same values later assigned
to pc2?

A class is a reference type. The pcl and pc2 variables are references to
memory blocks allocated in the heap. Following the assignment
statement

pcl = pc2;
both pcl and pc2 store the same reference, and  hence refer to the same
memory block. Whatever you do to the fields of pcl also affects the fields
of pc2; likewise, any change to the fields of pc2 also affects the fields of
pcl. The pcl reference equals the pc2 reference, as the program

demonstrates at the end by using the Equals method and equality
operator.

Because PointStruct is a structure, the statement
PointStruct ps1 = new PointStruct();

does not result in any memory allocations from the heap. The psl
variable is stored on the stack and the new operator simply sets all its
fields equal to O or null. In contrast, the statement

PointClass pcl = new PointClass();
causes a memory allocation from the heap. Similarly,

PointClass pc2 = new PointClass();

requires another memory allocation. Following the a ssignment statement
pcl = pc2;
both variables are the same value and refer to the second block o f

memory allocated from the heap

What happens to the first block of memory? It seems to be orphaned,

and in this simple program, it is. All the references to t hat first block of
memory are now gone. There is no way for the program to get back that
reference. The block therefore becomes eligible for garbage collection. The
system can free the memory  block if necessary to obtain more memory
space.

Another related issue involves objects passed to method calls. The
following program also has links to the PointClass.cs and PointStruct.cs
files and defines methods that change the values of the class and
structure fields
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MethodCallTest.cs

e
/l MethodCallTest.cs (c) 2006 by Charles Petzold

1
using System;

class MethodCallTest

{

static void Main()

{
PointStruct ps = new PointStruct();
psS.x = ps.y = 22;
Console.WriteLine("Before method: ps is ({0}, {1})", ps.X, ps.y);
ChangeStructure(ps);
Console.WriteLine("After method: ps is ({0}, {1})", ps.X, ps.y);
PointClass pc = new PointClass();
pc.x = pc.y = 22;
Console.WriteLine("Before method: pc is ({0}, {1})", pc.X, pc.y);
ChangeClass(pc);
Console.WriteLine("After method: pc is ({0}, {1})", pc.x, pc.y);

}

static void ChangeStructure(PointStruct ps)

{
ps.x = ps.y = 33;

}

static void ChangeClass(PointClass pc)

{
pc.x = pc.y = 33;

}

}

When exploring arrays, you discovered that methods can change
elements of an array passed to the method. Methods can also change
fields of classes but not fields of structu res. The program displays the
results:

Before method: ps is (22, 22)

After method: psis (22, 22)

Before method: pc is (22, 22)
After method: pcis (33, 33)

When a program passes an object to a method in preparation for a

method call, what happens depend s on whether the object is based on a
class or a structure. If the object is a value type, a bitwise copy is made

for use by the method. If the object is a reference type, the reference itself

is copied for use by the method. The method can use this refere nce to
change any field of the class. These changes affect the original object.

Il n both cases, the method is always working
copy for a value type, and a copy of the reference for a reference type.
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The ChangeClass method inthe MethodCallTest program might even
conclude by setting the parameter to null :

static void ChangeClass(PointClass pc)

{

pc.x = pc.y = 33;
pc = null;
}
The program will work the same. The original reference stored in Main is

not affected because the me thod gets a copy of that reference.

Of course, you can write a method that changes the fields of a structure

by defining the parameter with the ref or out keyword. This causes the
structure to be passed by reference rather than value. It actually

improves efficiency for large value types because the entire structure
doesndt need tothe stadk, onlyoapefermace

Assignment, method calls, and tests for equality all work a little
differently for objects based on structures or classes. Underlying th ese
differences is an important fact regarding the new operator.

For classes, a call to the new operator is required to create a new

instance of the class. The new operator initiates some very serious

activity. The new operator allocates memory fromthe h  eap to store the

object and calls one of the classds construc
you want happening arbitrarily, and usually it does not. For example:

PointClass pcl = new PointClass();
PointClass pc2 = pc1;

Ther eds mew expressioeinthis code, so only one instance of
PointClass is created. Both pcl and pc2 refer to that single instance. The
following code is much different because it creates two distinct objects:

PointClass pcl = new PointClass();
PointClass pc2 = new PointClass();

Similar ly,a new o per at i o nocacuowhemad dbject is passed to a
method. The method is working with the same object passed to it.

This whole issue becomes crucial when you start working with classes

with constructors that do more than just initialize a few fields. Some

classes have constructors that open disk files in preparation for reading

or writing, for example. You dondt want the
happen to pass the object to a method. When working with user interface
objects such as buttonsor di al og boxes, you certainly dol
objects being created when you pass them to a method.

Creating a new instance of a class is often
why it dsoalys hapgen without you, the programmer, knowing

about it.
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Creating a new instance of a structure is much less serious. This code
involving a structure

PointStruct ps1 = new PointStruct();
PointStruct ps2 = psi,;

is equivalent to code that has two new operators:

PointStruct ps1 = new PointStruct();
PointStruct ps2 = new Po intStruct();

These two little blocks of code are equivalent because the parameterless

constructor of a structure only initializes all the structure fields to zero

or null. Anditcan neverdo anything el se. You arenodot al
the fields of a structure to non -zero values or write your own

parameterless constructor. That privilege is reserved for classes.
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Chapter 17. Fields and Properties

Classes and structures have several types of members, most notably
fields, m ethods, construct ors, and properties. Youdve already

encountered several properties inthisbook, but | havendét yet emph
how i mportant t Inghgdastecheme af dNEile . When C# first
emerged from Microsoft, properties seemed like merely a sy ntactical

convenience for programmers . In recent years, properties have  evolved
into an extremely important feature of the .NET Framework.

Properties have become vitally important mostly because XML has

become important. In recent  programming interfaces su  ch as the
Windows Presentation Foundation (WPF) , programmers can even use an
XML -based Extensible Application Markup Language (XAML) is defining
layout of windows and controls.

Hereds a | ittle WPF code:

Button btn = new Button();

btn.Foreground = Brushes.L  ightSeaGreen;
btn.FontSize = 32;

btn.Content = "Hello, WPF!";

Notice the use of a parameterless constructor followed by code that sets
three properties of the Button c | as s . Hereds the equival ent

<Button Foreground="LightSeaGreen" FontSize="32"
Content="Hello, WPF!" />

This translation  between code and XAML is so easy and straightforward
primarily because Button has a parameterless constructor and defines
properties to set the color, font size, and content . Imagine the translation
mess if Button had only a parametered constructor, and if it had various
methods rather than properties to set its characteristics.

L e t © ssompeuptoperties inthe Date class. We definitely need something
to fix it, because d espite the consistency checks implement  ed in the
three -parameter constructor of the Date class in Chapter 15, the class is
still not safe from invalid dates. A program using the class can create a
valid date using one of the constructors and then make the date in valid
simply by setting a field or two:

Date dt = new Date(2007, 2, 2);

dt.day = 31;
This is possible because the fields are publ
in a class to be change d by programs using the class, you should make
them private:
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private in  tyear,;
private int month;
private int day;

Because private is the default, you can simply remove the access
modifier entirely:

int year;
int month;
int day;
That solves the invalid date problem, but at a severe cost. Code that
happens to encountera Dateobj ect candt even determine w

represented by the objectt (Wel | , t hat ds not entirely true.
call ToStringand t hen examine the string thatds r el
date.) A better solution is to make the fields public but also to mark them

as read -only:

public readonly int year;
public readonly int month;
public readonly int day;

The readonly modi fi er can only be used on fields.
with a structure, you can initialize a read -only field in the declaration:

publ ic readonly int year = 1;
You can also set aread -only field in a constructor:

class Date

{

public readonly int year, month day;

public Date(int year, int month, int day)

{

this.year = year;

}

But after the co nstructor finishes, aread -only field is fixed and cannot be
changed.

Using readonly on the fields essentially makes the Date object

i mmut able. You set the value at creation, an
Thatds not necessarily a objectdnaybeexacdyy An i mmut
what you need in some cases. The  DateTime structure in the .NET

Framework is immutable.

By now youdve seen sever al modi fiers you <can
methods. These modifiers always appear before the type of the field or

the return type of the method, but they can be in any order among

themselves.
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The access modi f i e mpuwlicyandupdivate . (Ehereare ar e
actually three more access modifiers i protected, internal , and internal
protected .) These five modifiers are mutually exc  lusive and indicate
whether a field or method is accessible from outside the class (or

structure) or whether its use is restricted to inside the class.

The static modifier indicates that the field or method is associated with

the class (or structure) rathe  r than an instance of the class. You refer to

a static field or method by prefacing it with the class or structure name.

You refer to an instance field or method by prefacing it with an object

name. A static method cannot refer to an instance field in the same class
or structure, and cannot call an instance method.

Youcanuse constt o create a constant. |l tds not quit
constant is a field. (The  C# Language Specification discusses them in two
separate sections, 810.3 and 810.4. However, in the .NET Framework

class library documentation, constants are listed under the category of
Fields.) As with local constants (that is, constants declared inside of
methods), the value of a constant must be set in the declaration, and it

must be availabl e at compile time. The value of a constant cannot be
changed by code. You cannot use the  static keyword with constants, but
constants are inherently static and shared among all instances of the

class. If a constant field is public, you can refer to it from  outside the
class by prefacing it with the class name. Math.PI is a constant.

The readonly maodifier is valid only with fields. The value of a read -only
field must be set in the declaration or by a constructor. After the
conclusion of the constructor, a re ad-only field cannot be modified.

The static , const, and readonly modifiers are somewhat related: A
constant has only a single value regardless of the instance, so a constant
is inherently static. A readonly field is generally an instance field, but
after a constructor finishes execution, it becomes similar to a constant in
that it cannot be changed.

There are times when you want to declare a constant, but the value is

not available at compile time. This is the c
constant using a new expression:
AT1 00 $AOA AAOA3IDPOOTEE » 1TAx $AO0AstsybkWt tdt MmbK

Expression using new can be executed only at runtime . The C# Language
Specification , 810.4.2.1 has the solution: Use static readonly rather than
const:

static readonly Dat e dateSputnik = new Date(1957, 10, 4);

However, this guarantees only that dateSputnik cannot be set to another
Date object; it does not guarantee that the Date object referenced by
dateSputnik is immune from being changed itself, unless it defined in

such a way to be immutable.
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