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Chapter 1 Introduction

1. Introduction

C# (pronounced @ASee Sh a ronented, andstypsafe programrhirg Jangraged @ n, ot
has its roots in the C family of languages and will be immediately familiar to C, C++, and Java programmers.

Ct# is standardized by ECMA International asE@MVA-334 standard and by ISO/IEC as tI80/IEC 23270
standard. Mi cr os of EToFsamesrk i eoconfoiming implementation df leoth ofthese
standards.

C# is an objectriented language, but C# further includes supportdonponentoriented programming.
Contemporary software design increasingly relies on software components imthef &elfcontained and
self-describing packages of functionality. Key to such components is that they present a programming model
with properties, methods, and events; they have attributes that provide declarative information about the
component; and tlyencorporate their own documentation. C# provides language constructs to directly support
these concepts, making C# a very natural language in which to create and use software components.

Several C# features aid in the construction of robust and dunalieadions:Garbage collectiorautomatically
reclaims memory occupied by unused objeexseption handlingprovides a structured and extensible
approach to error detection and recovery; andyibesafedesign of the language makes it impossibleeta
from uninitialized variables, to index arrays beyond their bounds, or to perform unchecked type casts.

C# has aunified type systemAll C# types, including primitive types suchias anddouble , inherit from a

single rootobject type. Thus, all types sine a set of common operations, and values of any type can be stored,
transported, and operated upon in a consistent manner. Furthermore, C# supports-befinadareference

types and value types, allowing dynamic allocation of objects as weHliaiatorage of lightweight structures.

To ensure that C# programs and libraries can evolve over time in a compatible manner, much emphasis has been

placed orversioningi n C#6s desi gn. Many programming |l anguages
result, programs written in those languages break more often than necessary when newer versions of dependent
|l i braries are introduced. Aspects of C#6s design t}

include the separatértual  andoverr ide modifiers, the rules for method overload resolution, and support
for explicit interface member declarations.

The rest of this chapter describes the essential features of the C# language. Although later chapters describe
rules and exceptions in a detaifiented and sometimes mathematical manner, this chapter strives for clarity and
brevity at the expense of completeness. The intent is to provide the reader with an introduction to the language
that will facilitate the writing of early programs and thadimg of later chapters.

1.1 Hello world

The AHell o, Worldd program is traditionally used t
using System;
class Hello

static void Main() {
Console.WriteLine("Hello, World");

}

C# source files typict have the file extensiomrs . Assuming that the AHell o, Wa
file hello.cs , the program can be compiled with the Microsoft C# compiler using the command line

Copyright O Microsoft Corporation19992007. All Rights Reserved. 1
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csc hello.cs

which produces an executable assembly namiialexe . The output produced by this application when it is
runis

Hello, World

The AHell o, Wor | duasingp directjve thanreferénaes sgstemwnamdspaece. Namespaces
provide a hierarchical means of organizing C# programs and libraries. Namesmate@s types and other
namespaceés for example, th&ystem namespace contains a number of types, such &@otisele class
referenced in the program, and a number of other namespaces, 8da@md€ollections . A using

directive that references a giveamespace enables unqualified use of the types that are members of that
namespace. Because of tling directive, the program can usensole.WriteLine as shorthand for
System.Console.WriteLine

TheHelo cl ass decl ared by t hesingléiraembeg the MéthodinahkainpThe gr a m
Main method is declared with tiegatic  modifier. While instance methods caeference a particular
enclosingobject instance using the keywahis , static methods operate without reference to a particular
object.By convention, a static method namédin serves as the entry point of a program.

The output of the program is produced by\iteLine  method of theConsole class in theSystem

namespace. This class is provided by the .NET Framework class libraries, hdefault, are automatically
referenced by the Microsoft C# compiler. Note that C# itself does not have a separate runtime library. Instead,
the .NET Frameworlks the runtime library of C#.

1.2 Program structure

The key organizational concepts in C# pregrams namespacedypes members andassembliesC#

programs consist of one or more source files. Programs declare types, which contain members and can be
organized into namespaces. Classes and interfaces are examples of types. Fields, methadds, propevents
are examples of members. When C# programs are compiled, they are physically packaged into assemblies.
Assemblies typically have the file extensiere or.dll , depending on whether they implemapplications

or libraries.

The example
usin g System;
namespace Acme.Collections

public class Stack

Entry top;

public void Push(object data) {
top = new Entry(top, data);

public object Pop() {
if (top == null) throw new InvalidOperationException();
object result = top.data;
top = top.next;
return result;

}

class Entry

public Entry next;
public object data;

2 Copyright O Microsoft Corpaation 19992007, All Rights Reserved.
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public Entry(Entry next, object data) {
this.next = next;
this.data = data;

}
}
}
}
declares a class nam8thck in a namespace callédme.Collections . The fully qualified name of this
class isAcme.Collections.Stack . The class contains several members: a field naopedtwo methods

namedPush andPop, and a nested class nantgdry . TheEntry class further contains three members: a
field namedhext , a field namedlata , and a constructor. Assuming that the source code of the example is
stored in the filacme.cs , the command line

csc /t:library acme.cs

compiles the example as a library (code witholMtain entry point) and produces ansambly named
acme.dll

Assemblies contain executable code in the fortmi@rmediate Languagé€lL) instructions, and symbolic
information in the form ofmetadata Before it is executed, the IL code in an assembly is automatically
converted to processapecific code by the Judh-Time (JIT) compiler of NET Common Language Runtime.

Because an assembly is a gdEcribing unit of functionality containing both code and metadata, there is no

need for#tinclude directives and header files in C#. The publigey and members contained in a particular
assembly are made available in a C# program simply by referencing that assembly when compiling the program.
For example, this program uses #teene.Collections.Stack class from thacme.dll assembly:

using System;
using Acme.Collections;

class Test

static void Main() {
Stack s = new Stack();
s.Push(1);
s.Push(10);
s.Push(100);
Console.WriteLine(s.Pop());
Console.WriteLine(s.Pop());
Console.WriteLine(s.Pop());

}
}
If the program is stored in theditest.cs , whentest.cs is compiled, thecme.dll assembly can be
referenced ushk ogiont he compil er ds

csc /r:acme.dll test.cs

This creates an executable assembly nams@xe , which, when run, produces the output:

100
10
1

C# permits the sourcextieof a program to be stored in several source files. When afiteil@i# program is
compiled, all of the source files are processed together, and the source files can freely reference&ach other
conceptually, it is as if all the source files were contatied into one large file before being processed. Forward
declarations are never needed in C# because, with very few exceptions, declaration order is insignificant. C#
does not limit a source file to declaring only one public type nor does it requirartteeat the source file to

match a type declared in the source file.
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1.3 Types and variables

There are two kinds of types in G#lue typesandreference typesVariables of value types directly contain

their data whereas variables of reference types st@eerefes to their data, the latter being known as objects.
With reference types, it is possible for two variables to reference the same object and thus possible for
operations on one variable to affect the object referenced by the other variable. Witlypedui¢he variables

each have their own copy of the data, and it is not possible for operations on one to affect the other (except in
the case ofef andout parameter variables).

C#0s value types sianpletypésenun typesstruaitypesiardimuiable typésa n d
reference types are further divided ictass typesnterface typesarray types anddelegate types
The following table provides an overview of
Category Description
Value Simple types Signa integral:sbyte , short , int , long
types Unsigned integrabyte , ushort , uint , ulong
Unicode charactershar
IEEE floating pointfloat , double
High-precision decimaldecimal
Boolean:bool
Enum types Userdefined types of the forenum E{.. .}
Struct types Userdefined types of the forstruct S {...}
Nullable types | Extensions of all other value types withdl value
Reference | Class types Ultimate base class of all other typebject
types Unicode stringsstring
Userdefined tpes of the formelass C{...}
Interface types | Userdefined types of the formterface 1{...}
Array types ﬁit?]gle and multidimensional, for examplégt] and
Delegate types | Userdefined types of the form.g.delegate int D(...)

C#6b6s

C#

[@))
(7]

The eightintegral types provide support fortft, 16-bit, 32-bit, and 64bit values in signed or unsigned form.

The two floating point typedloat
doubleprecision IEEE 754 formats.

anddouble , are represented using thel@2singleprecision and 64bit

Thedecimal type is a 12&it data type suitable for financial and monetary calculations.

C # dowl type is used to represent boolean vaduealues that are eithéme or false

Character and string processing in C# uses Unicode encodinghdrhaype represestaUTF-16 code unit,

and thestring

The foll owi tabl e

ng

type represents a sequencdJof--16 code units.

summari zes C#06s numeri c
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Category | Bits | Type Range/Precision
Signed 8 | sbyte 1128...127
integral 7 6™ | "short 132,768...32,767

32 |int 12,147,483648...2,147,483,647

64 | long 19,223,372,036,854,775,808...9,223,372,036,854,775,807
Unsigned | 8 byte 0...255
integral - 6™ Tushort | 0...65,535

32 | uint 0...4,294,967,295

64 | ulong 0...18,446,744,073,709,551,615
Floating 32 | float 1.5x 10 *fo 3.4x 10°® 7-digit precision
point 64 |double |50x10 3% 1.7x 10 15digit precision
Decimal 128 | decimal | 1.0x 10 %fo 7.9x 10°® 28digit precision

C# programs uskype declarationgo create new types. A type declaration specifies theerend the members
type. Fi ve odefiralied dassaypes, stouct typew ioterfade tyfgey, p e s @

of t he

enum types, and delegate types.

new

A class type defines a data structure that contains data members (fields) and functiensnjereiinods,
properties, and others). Class types supgingleinheritance and polymorphism, mechanisms whereby derived
classes can extend and specialize base classes.

A struct type is similar to a class type in that it represents a structure wittmelatiaers and function members.
However, unlike classes, structs are value types and do not require heap allocation. Struct types do not support
userspecified inheritance, and all struct types implicitly inherit from tygiect

An interface type defines@ntract as a named setpfblic function members. A class or struct that
i mpl ement s
inherit from multiple base interfaces, and a class or struct may imptienugtiple interfaces.

an

nterface must provi

de i mplementatior

A delegate type represents references to methods with a particular parameter list and return type. Delegates
make it possible to treat methods as entities that can be assigned to variables and passed as parameters.
Delegates are sitair to the concept of function pointers found in some other languages, but unlike function
pointers, delegates are objertented and typsafe.

Class, struct, interface and delegate types all support generics, whereby they can be parameterized with other

types.

An enum type is a distinct type with named constants. Every enum type has an underlying type, which must be
one of the eight integral types. The set of values of an enum type is the same as the set of values of the

underlying type.

C# supports sirg- and multidimensional arrays of any type. Unliteetypeslisted abovearray types do not
have to be declared before they can be used. Instead, array types are constructed by following a type name with

square brackets. For exampte]]

ofint , andint[][]

is a singledimensional array dft , int[,]

is a twaedimensional array

is a singledimensional array of singldimensional arrays dfit .

Nullable types also do not have to be declared before they can be used. For eadlabtvalue typa there
is acarresponding nullable typ®?, which can hold an additionahluenull . For instancent? is a type that
can hold any 32 bit integer or the vahué!
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C#o6s type system is unified such t ha ttypain G#alitectheor of ar
indirectly derives from thebject class type, andbject is the ultimate base class of all types. Values of
reference types are treated as objects simply by viewing the values abjégpe. Values of value types are
treated as obrts by performindgpoxing andunboxing operations. In the following example, mn value is

converted tmbject and back again tot .

using System;

class Test
static void Main() {
inti=123;
object o = ; // Boxing
int j = (int)o; /' Unboxi  ng

}

When a value of a value type is converted to tgect

, an object instance, al

hold the value, and the value is copied into that box. Conversely, wheain reference is cast to a value
type, a check is madbat the referenced object is a box of the correct value type, and, if the check succeeds, the
value in the box is copied out.

C#06s unified type system effectively means

unification, generapurpos
types.

t hat

e libraries that use typhject can be used with both reference types and value

There are several kinds wdriablesin C#, including fields, array elements, local variables, and parameters.
Variables represent storage locations, and eveighblarhas a type that determines what values can be stored in
the variable, as shown by the following table.

Type of Variable

Possible Contents

Non-nullable \alue
type

A value of that exact type

Nullable value type

A null value or a value of that exagpe

object A null reference, a reference to an object of any reference type, or a
reference to a boxed value of any value type
Class type A null reference, a reference to an instance of that class type, or a

reference to an instance of a class derivethfthat class type

Interface type

A null reference, a reference to an instance of a class type that
implements that interface type, or a reference to a boxed value of a
type that implements that interface type

Array type A null reference, a refenee to an instance of that array type, or a
reference to an instance of a compatible array type
Delegate type A null reference or a reference to an instance of that delegate type

1.4 Expressions

Expressionsare constructed fromperandsandoperators The gerators of an expression indicate which
operations to apply to the operands. Examples of operators inglude, / , andnew. Examples of operands
include literals, fields, local variables, and expressions.
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When an expression contains multiple operatitvsprecedencef the operators controls the order in which the
individual operators are evaluated. For example, the expressign+ z is evaluated as + (y * z) because
the* operator has higher precedence than-tbperator.

Most operators can lmverloaded Operator overloading permits usifined operator implementations to be
specified for operations where one or both of the operands are ofdefised class or struct type.

The following table summar i zaegori€i@rsler af precedancedrons ,
highest to lowest. Operators in the same category have equal precedence.

Category Expression Description
Primary X.m Member access
X(...) Method and delegate invocation
X[...] Array and indexer access
X++ Postincrement
X-- Postdecrement
new T(...) Object and delegate creation
new T(.){...} Object creation with initializer
new {...} Anonymous object initializer
new T[.. ] Array creation
typeof(T) ObtainSystem.Type object forT
checked(x) Evaluate expression in checked context
unchecked(x) Evaluate expression in unchecked context
default(T) Obtain default value of type
delegate {...} Anonymous function (anonymous method)
Unary X Identity
-X Negation
Ix Logical negation
~X Bitwise negation
X Preincrement
- X Predecrement
(T)x Explicitly convertx to typeT
Multiplicative X*y Multiplication
xly Division
X%y Remainder
Additive X+y Addition, string concatenation, delegate combinati
X9y Subtraction, delega removal
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Shift X<<y Shift left
X>>y Shift right
Relational and X<y Less than
type testing X>y Greater than
X<=y Less than or equal
X>=y Greater than or equal
XisT Returntrue if x is aT, false otherwise
xasT Returnx typedasT, ornull if x is not aT
Equality X==y Equal
xl=y Not equal
Logical AND X&y Integer bitwise AND, boolean logical AND
Logical XOR x"y Integer bitwise XOR, boolean logical XOR
Logical OR x|y Integer bitwise OR, boolean logical OR
Condtional AND | X &&y Evaluates only if x is true
Conditional OR | Xy Evaluatey only if x is false
Null coalescing | X??y Evaluates tg if x isnull , tox otherwise
Conditional X?y:z Evaluates if x istrue , z if x is false
Assignmentbr X=y Assignment
%nncz:r:?gr:]mus X Op=y Compound assignment; supported operators are
*= = %= 4= o= <<= >>= &= = =
(Tx)=>y Anonymous function (lambda expression)

1.5 Statements

The actions of a program are expressed ustiatgmentsC# supports several different kinds of statements, a
number of which are defined in terms of embedded statements.

A block permits multiple statements to be written in contexts where a single statement is allowed. A block
consists of a list of statementsithen between the delimitefsand} .

Declaration statementare used to declare local variables and constants.

Expression statement@re used to evaluate expressions. Expressions that can be used as statements include
method invocations, object allocai®using theew operator, assignments usin@gnd the compound
assignment operators, and increment and decrement operations usin@itite- operators.

Selection statement@re used to select one of a number of possible statements for executionnbidieedatue
of some expression. In this group areitheandswitch statements.

Iteration statementsre used to repeatedly execute an embedded statement. In this groupvaite theo,
for , andforeach statements.
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Jump statementare used to transfer owol. In this group are thereak , continue , goto , throw , return
andyield statements.

Thetry ...catch statement is used to catch exceptions that occur during execution of a block, and the
try ..finally  statement is used to specify finalization code ihatways executed, whether an exception
occurred or not.

Thechecked andunchecked statements are used to control the overflow checking context for intggeal
arithmetic operations and conversions.

Thelock statement is used to obtain the mutetedlusion lock for a given object, execute a statement, and then
release the lock.

Theusing statement is used to obtain a resource, execute a statement, and then dispose of that resource.

The following table |Iists C#0shoset at ements and provi
Statement Example
Local variable static ;/oid Main() {
i int a;
declaration inth=2 c=3
a=1;
Console.WriteLine(a + b + c);
}
Local constant static void Main() {

const float pi = 3.1415927f;
constintr=25;
Console.Wri  teLine(pi *r *r);

declaration

Expression statemen] static void Main() {

int i;
i=123; /I Expression statement
Console.WriteLine(i); /I Expression statement
i++; /l Expression statement
Console.WriteLine(i); /l Expression statement
}
if statemen static void Main(string[] args) {
if (args.Length == 0) {
Console.WriteLine("No arguments");
else {
Console.WriteLine("One or more arguments");
}
}
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10

switch statement

static void Main(string([] args) {
int n = args.Length;
switch (n) {
case O:
Console.WriteLine("No arguments");
break;
case 1:
Console.WriteLine("One argument");
break;
default:
Console.WriteLine("{0} arguments", n);
break;
}
}
}

while statement

static void Main(string[] args) {
inti=0;
while (i < args.Length) {
Console.WriteLine(argsii]);
i++;
}
}

do statement

static void Main() {
string s;
do {
s = Console.ReadLine();
if (s != null) Console.WriteLine(s);
} while (s = null);

for statement

static void Main(string[] args) {
for (int i =0;1<args.Length; i++) {
Console.WriteLine(argsl[i]);
}

}

foreach statement

static void Main(string[] args) {
foreach (string s in args) {
Console.WriteLine(s);

}

break statement

static void Main() {
while (true) {
string s = Console.Re adLine();
if (s == null) break;
Console.WriteLine(s);

}

continue statement

static void Main(string[] args) {
for (inti=0; i< args.Length; i++) {
if (args|i].StartsWith("/")) continue;
} Console.WriteLine(argsi]);
}
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goto statement

stati ¢ void Main(string[] args) {
inti=0;
goto check;
loop:
Console.WriteLine(args[i++]);
check:

} if (i < args.Length) goto loop;

return statement

static int Add(int a, int b) {
return a + b;

static void Main() {
Console.WriteLine(Add(1, 2));
re turn;

}

yield statement

static IEnumerable<int> Range(int from, int to)
for (inti = from; i < to; i++)
yield return i;

}
yield break;

static void Main() {
foreach (int x in Range( -10,10)) {
Console.WriteLine(x);
}

}

throw andtry
statemets

static double Divide(double x, double y) {
if (y == 0) throw new DivideByZeroException();
return x /y;

static void Main(string[] args) {
try {
if (args.Length = 2) {
throw new Exception("Two numbers required");

double x = double.Parse( argsl0]);
double y = double.Parse(args[1]);
Console.WriteLine(Divide(x, Y));

catch (Exception e) {
Console.WriteLine(e.Message);

}

finally {
Console.WriteLine(0Good

}

}

bye! ¢6) ;

checked and
unchecked

statements

static void Main() {
inti= int.MaxValue;
checked {
Console.WriteLine(i + 1); I/l Exception

unchecked {
Console.WriteLine(i + 1); /I Overflow
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lock statement class Account

decimal balance;

public void Withdraw(decimal amount) {
lock (this) {
if (amount > bala nce) {
throw new Exception("Insufficient funds");

balance -=amount;
}
}
}

using statement static void Main() { _
using (TextWriter w = File.CreateText("test.txt")) {

w.WriteLine("Line one");
w.WriteLine("Line two");
w.WriteLine("Line three");

}

}

1.6 Classes and objects

Classear e the most fundamental of C#06s types. A cl ass
actions (methods and other function members) in a single unit. A class provides a definition for dynamically
creatednstancesof the class, also known abjects Classes suppoittheritance andpolymorphism

mechanisms wherelderived classesan extend and specialibase classes

New classes are created using class declarations. A class declaration startseaidkr that specifies the
attributes and modifiers of the class, the name of the class, the base dass)(ifand the interfaces
implemented by the class. The header is followed by the class body, which consists of a list of member
declarations wrien between the delimitefsand} .

The following is a declaration of a simple class nameidt :

public class Point

public int x, y;
public Point(int x, int y) {
this.x = X;
this.,y =y;
}

Instances of classes are created usingéheoperatorwhich allocates memory for a new instance, invokes a
constructor to initialize the instance, and returns a reference to the instance. The following statements create two
Point objects and store references to those objects in two variables:

Point p1 = new Point(0, 0);
Point p2 = new Point(10, 20);

The memory occupied by an object is automatically reclaimed when the object is no longer in use. It is neither
necessary nor possible to explicitly deallocate objects in C#.

1.6.1 Members

The members dd class are eitn static member®r instance membetrsStatic members belong to classes, and
instance members belong to objects (instances of classes).

The following table provides an overview of the kinds of members a class can contain.
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Member Description

Constants Constant values associated with the class

Fields Variables of the class

Methods Computations and actions that can be performed by the class

Properties Actions associated with reading and writing named properties of the class
Indexers Actions associated thi indexing instances of the class like an array

Events Notifications that can be generated by the class

Operators Conversions and expression operators supported by the class
Constructors | Actions required to initialize instances of the class or the dself
Destructors Actions to perform before instances of the class are permanently discarded
Types Nested types declared by the class

1.6.2 Accessibility

Each member of a class has an associated accessibility, which controls the regions of progranatexlite
to access the member. There are five possible forms of accessibility. These are summarized in the following
table.

Accessibility Meaning

public Access not limited

protected Access limited to this clags classes derived from this class

int ernal Access limited to this program

protected internal Access limited to this prograor classes derived from this class
private Access limited to this class

1.6.3 Type parameters

A class definition may specify a set of type parameters by following the rdame with angle brackets
enclosing a list of type parameter namdse type parameters can the be used in the body of the class
declarations to define the members of the clasthe following example, the type parameter®aif are
TFirst andTSecond :

public class Pair<TF irst, TSecond>

public TFirst F irst;
public TSecond S  econd;

A class type that is declared to take type parameters is called a generigpdaStruct, interface and delegate
types can also be generic.

When the generic class ised, type arguments must be provided for each of the type parameters:
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Pair<int,string > pair = new Pair<int,string> { F irst=1, Second = o0twod 1} ;
inti = pair.F irst; // TFirst is int
string s = pair.S econd; // TSecond is string

A generic type with typarguments provided, likeair<int,string> above, is called a constructed type.

1.6.4 Base classes

A class declaration may specify a base class by following the classamaintgpe parametevgth a colon and
the name of the base class. Omitting a base clasgispion is the same as deriving from tyggect . In the
following example, the base classRafint3D is Point , and the base classmdint is object

public class Point

public int x, v;

public Point(int x, int y) {
this.x = X;
this.,y =y;

}
public class Point3D: Point

public int z;

public Point3D(int x, inty, int 2): base (x, y) {
this.z = z;

}

}

A class inherits the members of its base class. Inheritance means that a class implicitly contains all members of
its base class, except fitre constructors of the base class. A derived class can add new members to those it
inherits, but it cannot remove the definition of an inherited member. In the previous exaohpiy inherits

thex andy fields fromPoint , and everyoint3D instance cotains three fieldss, y, andz.

An implicit conversion exists from a class type to any of its base class types. Therefore, a variable of a class
type can reference an instance of that class or an instance of any derived class. For example, givienughe prev
class declarations, a variable of typmsnt can reference eitherRoint or aPoint3D :

Point a = new Point(10, 20);
Point b = new Point3D(10, 20, 30);

1.6.5 Fields
A field is a variable that is associated with a class or with an instance of a class.

A field declared with thetatic  modifier defines atatic field A static field identifies exactly one storage
location. No matter how many instances of a class are created, there is only ever one copy of a static field.

A field declared without thetatic  modffier defines annstance field Every instance of a class contains a
separate copy of all the instance fields of that class.

In the following example, each instance of @wor class has a separate copy ofithg, andb instance fields,
but there is ol one copy of th&lack , White , Red, Green , andBlue static fields:
public class Color

public static readonly Color Black = new Color(0, 0, 0);

public static readonly Color White = new Color(255, 255, 255);

public static readonly Color Red = new Color (255, 0, 0);
public static readonly Color Green = new Color(0, 255, 0);

public static readonly Color Blue = new Color(0, 0, 255);

private byter, g, b;
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public Color(byte r, byte g, byte b) {
this.r=r;
this.g = g;
this.b = b;
}
}

As shown in tle previous exampleead-only fieldsmay be declared withr@adonly modifier. Assignment to
areadonly fi el d can only occur as part of the fieldbs

1.6.6 Methods

A methodis a member that implements a computatio action that can be performed by an object or class.
Static methodsire accessed through the cldsstance methodsire accessed through instances of the class.

Methods have a (possibly empty) listpzirameters which represent values or variableareinces passed to the
method, and aeturn type which specifies the type of the value computed and returned by the method. A
met hod®&s rved iiirdoes hoyretien aivalue.

Like types, methods may also have a set of type parameters, fortyéchrguments must be specified when
the method is calledUnlike typesthe type arguments caftenbe inferred from the arguments of a method call
and need not be explicitly given.

Thesignatureof a method must be unique in the class in which the adgthdeclared. The signature of a
method consists of the name of the methibd number of type parametensd the number, modifiers, and types
of its parameters. The signature of a method does not include the return type.

1.6.6.1 Parameters

Parameters are usanlptass values or variable references to methods. The parameters of a method get their
actual values from thergumentsthat are specified when the method is invoked. There are four kinds of
parameters: value parameters, reference parameters, output pesaaret parameter arrays.

A value parameteis used for input parameter passing. A value parameter corresponds to a local variable that

gets its initial value from the argument that was passed for the parameter. Modifications to a value parameter do

not dfect the argument that was passed for the parameter.

A reference parameteis used for both input and output parameter passing. The argument passed for a reference

parameter must be a variable, and during execution of the method, the reference pagprestts the same
storage location as the argument variable. A reference parameter is declared sithrifaifier. The
following example shows the useref parameters.

using System;
class Test

static void Swap(ref int x, ref int y) {

inttemp = X;

X=Y;

y = temp;
}
static void Main() {

inti=1,j=2;

Swap(ref i, refj);

Console.WriteLine("{0} {1}, i, J); // Outputs "2 1"
}

}
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An output parameteiis used for output parameter passing. An output parameter is similar to a reference
parameter except that the initial value of the cgll@vided argument is unimportant. An output parameter is
declared with theut modifier. The following example shows the useof parameters.

using System;

class Test
static void Divide(int x, int y, out int result, out int remainder) {
result =x/vy;
remainder =x % y;
}
static void Main() {
int res, rem;
Divide(10, 3, out res, out rem);
Console.WriteLine("{0} {1}", res, rem); // Outputs "3 1"
}

}

A parameter arraypermits a variablaumber of arguments to be passed to a method. A parameter array is
declared with thgarams modifier. Only the last parameter of a method can be a parameter array, and the type
of a parameter array must be a sirgjimensional array type. Thwrite andWiiteLine  methods of the
System.Console  class are good examples of parameter array usage. They are declared as follows.

public class Console

public static void Write(string fmt, params object[] args) {...}
public static void WriteLine(string fmt, params object[] args) {...}

}

Within a method that uses a parameter array, the parameter array behaves exactly like a regular parameter of an
array type. However, in an invocation of a method with a parameter array, it is possible to pass either a single
argument of the parameter array type or any humber of arguments of the element type of the parameter array. In
the latter case, an array instance is automatically created and initialized with the given argihizeexample

Console.WriteLine("x={0} y={1} z= {2}", x,y, 2);
is equivalent to writing the following.

string s = "x={0} y={1} z={2}";

object[] args = new object[3];

args[0] = x;

args[1] =y;

args|2] = z;

Console.WriteLine( s, args);
1.6.6.2 Method body and local variables

A methodds body & mexeduttwhersthetmbtieodis invakede me n

A method body can declare variables that are specific to the invocation of the method. Such variables are called
local variables A local variable declaration specifies a type name, a variable name, and possiiilglan

value. The following example declares a local variabhgth an initial value of zero and a local variaplgvith

no initial value.

using System;
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class Squares

static void Main() {

inti=0;
int j;
while (i < 10) {

=i*i
Console.WriteLine("{0} x {0} = {1}", i, });
i=i+1;
}
}
}

C# requires a local variable to befinitely assignedefore its value can be obtained. For example, if the
declaration of the previotsdid not include an initial value, the compiler wouggort an error for the
subsequent usagesiobecausé would not be definitely assigned at those points in the program.

A method can useeturn  statements to return control to its caller. In a method retukwidg, return
statements cannot specify an egsion. In a method returning Rewsid , return  statements must include an
expression that computes the return value.

1.6.6.3 Static and instance methods

A method declared with static  modifier is astatic method A static method does not operate on a specific
instance and can ondjrectly access static members.

A method declared withoutsaatic ~ modifier is aninstance methodAn instance method operates on a
specific instance and can access both static and instance members. The instance on which an itstdnce met
was invoked can be explicitly accessednis . It is an error to refer tthis  in a static method.

The followingEntity  class has both static and instance members.

class Entity
{
static int nextSerialNo;
int serialNo;
public Entity() {
serialNo = nextSerialNo++;
}

public int GetSerialNo() {
return serialNo;
}

public static int GetNextSerialNo() {
return nextSerialNo;
}

public static void SetNextSerialNo(int value) {
nextSerialNo = value;
}

}

EachEntity instance contains a serial nuenl{and presumably some other information that is not shown
here). Theentity constructor (which is like an instance method) initializes the new instance with the next
available serial number. Because the constructor is an instance member, it is parraitteds both the
serialNo instance field and theextSerialNo  static field.

TheGetNextSerialNo  andSetNextSerialNo static methods can access tiagtSerialNo  static field, but
it would be an error for them dlirectly access theerialNo  instance field.

The following example shows the use of Breity class.
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using System;
class Test

static void Main() {
Entity.SetNextSerialNo(1000);

Entity el = new Entity();
Entity e2 = new Entity();

Console.WriteLine(el.GetSerialNo()); // Outputs "1000"
Console.WriteLine(e2.GetSerialNo()); // Outputs "1001"
Console.WriteLine(Entity. GetNextSerialNo()); // Outputs "1002"

}
}

Note that theSetNextSerialNo andGetNextSerialNo static methods are invoked on the class whereas the
GetSerialNo  instance mdtod is invoked on instances of the class.

1.6.6.4 Virtual, override, and abstract methods

When an instance method declaration includgstusal modifier, the method is said to bevistual method
When novirtual ~ modifier is present, the method is said to bma-virtual method

When a virtual method is invoked, thentime typeof the instance for which that invocation takes place
determines the actual method implementation to invoke. In a nonvirtual method invocatcmmpiketime
typeof the instance is thdetermining factor.

A virtual method can beverriddenin a derived class. When an instance method declaration includes an
override  maodifier, the method overrides an inherited virtual method with the same signature. Whereas a
virtual method declaratiomtroducesa new method, an override method declarajpecializesan existing
inherited virtual method by providing a new implementation of that method.

An abstractmethod is a virtual method with no implementation. An abstract method is declared with the
abstract  modifier and is permitted only in a class that is also deckssiehct . An abstract method must
be overridden in every neabstract derived class.

The following example declares an abstract clagsression , which represents an expression mede, and
three derived classeSpnstant , VariableReference , andOperation , which implement expression tree
nodes for constants, variable references, and arithmetic operdlibissis similar to, but not to be confused
with the expression tree typedrivduced in section46).

using System;
using System.Collections;

public abstract class Expression

public abstract double Evaluate(Hashtable vars);

public class Constant; Expression

{
double value;
public Constant(doubl e value) {
this.value = value;
}
public override double Evaluate(Hashtable vars) {
return value;
}
}
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public class VariableReference: Expression

string name;

public VariableReference(string name) {
this.name = name;

public override double E valuate(Hashtable vars) {
object value = vars[name];
if (value == null) {
throw new Exception("Unknown variable: " + name);

return Convert.ToDouble(value);

}
}

public class Operation: Expression

{

Expression left;
char op;
Expression right ;

public Operation(Expression left, char op, Expression right) {
this.left = left;
this.op = op;
this.right = right;

public override double Evaluate(Hashtable vars) {
double x = left.Evaluate(vars);
double y = right.Evaluate(vars);
switch  (op) {
case 't return x +y;
case' -'returnx -
case *: return X *y;
case ' return x / y;

throw new Exception("Unknown operator");

}

The previous four classes can be used to model arithmetic expressions. For examglestasices of these
classes, the expressiorn 3 can be represented as follows.
Expression e = new Operation(

new VariableReference("x"),

o

new Constant(3));
TheEvaluate method of arExpression instance is invoked to evaluate the given expressidmpaoduce a
double value. The method takes as an argumetdshtable that contains variable names (as keys of the
entries) and values (as values of the entries) EVhiate method is a virtual abstract method, meaning that
nonabstract derived classeaist override it to provide an actual implementation.

A

AConstant 6 s i mp | e niwatudtea tsimpyrretumns$ the stored constantVAriableReference 0s
implementation looks up the variable name in the hashtable and returns the resulting valperaian 6 s
implementation first evaluates the left and right operands (by recursively invokingthieiste methods)
and then performs the given arithmetic operation.

The following program uses thxpression  classes to evaluate the expressiagn(y + 2) for different values
of x andy.

using System;
using System.Collections;
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class Test

}

static void Main() {

Expression e = new Operation(
new VariableReference("x"),
et

new Operation(
new VariableReference("y"),
W
new Constant(2)
)
);
Hashtable vars = new Hashtable();
vars['x"] = 3;
vars['y"] = 5;
Console.WriteLine(e.Evaluate(vars));
vars['x"] = 1.5;
vars['y"] = 9;
Console.WriteLine(e.Evaluate(vars));

}

1.6.6.5 Method overloading

Methodoverloadingpermits multiple methods in the same class to have the same name as long as they have
unique signatures. When compiling an invocation of an overloaded method, the compitereniess

resolutionto determine the specific method to invoke.e@wvad resolution finds the one method that best

matches the arguments or reports an error if no single best match can be found. The following example shows
overload resolution in effect. The comment for each invocation iM#ive method shows which mettias

actually invoked.

class Test

20

static void F() {
Console.WriteLine("F()"):

static void F(object x) {
Console.WriteLine("F(object)");

static void F(int x) {
Console.WriteLine("F(int)");

static void F(double x) {
Console.WriteLine(" F(double)");

static void F <T>(T x){
Console.WriteLine("F <T>(T)");

static void F(double x, double y) {
Console.WriteLine("F(double, double)");

// Outputs "21"

// Outputs "16.5"
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static void Main() {
) I/ Invokes F()

F(1); /I Invokes F(int)

F(1.0); /l'Invo  kes F(double)
F("abc™); /I Invokes F(object)
F((double)l); /I Invokes F(double)
F((object)1); Il Invokes F(object)
F<int>(1); Il Invokes F<T>(T)

F(1, 1); Il Invokes F(double, double)

}

Chapter 1 Introduction

}

As shown by the example, a particular method ¢aays be selected by explicitly casting the arguments to the

exact parameter typesid/or explicitly supplying type arguments

1.6.7 Other function members

Members that contain executable code are collectively known &snitteon membersof a class. The
precedhg section describes methods, which are the primary kind of function members. This section describes
the other kinds of function members supported by C#: constructors, properties, indexers, events, operators, and

destructors.

The following table shows genericclass calledlist <T>, which implements a growable list of objects. The
class contains several examples of the most common kinds of function members.

get { return count; }

public int Capacity {
get{
return items.Length;

set {
if (value < count) value = count;
if (value != items.Length) {
T[] newltems = new T[value];
Array.Copy(items, 0, newltems, 0, count);
items = newltems;
}

public class List <T>
const int defaultCapacity = 4; Constant
T[] items; Fields
int count;
public List(): this (defaultCapacity) {} Constructors
public List(int capacity) {
items = new T[capacity];
public int Count { Properties

Copyright O Microsoft Corporation19992007. All Rights Reserved.
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public T this[int index] { Indexer
get{
return items[index];
set {
items[index] = v alue;
OnChanged();
}
public void Add( T item) { Methods

if (count == Capacity) Capacity = count * 2;
items[count] = item;

count++;

OnChanged();

protected virtual void OnChanged() {
if (Changed != null) Changed(this, EventArgs.Empty);

public override bool Equals(object other) {
return Equals(this, other as List <T>);

static bool Equals(List <T> a,List <T> b){
if (@ == null) return b == null;
if (b == null || a.count != b.count) return false;
for (inti=0; i< a.count; i++
if (lobject.Equals(a.items]i], b.itemsi])) {
return false;

return true;

}

public event EventHandler Changed; Event

public static bool operator ==(List <T> a, List <T> b){ Operators
return Equals(a, b);

public static bo ol operator !=(List <T> a, List <T> b){

return 'Equals(a, b);

1.6.7.1 Constructors

C# supports both instance and static constructorggiance constructois a member that implements the
actions required to initialize an instance of a clésstatic constructolis a member that implements the actions
required to initialize a class itself when it is first loaded.

A constructor is declared like a method with no return type and the same name as the containing class. If a
constructor declaratiomcludes astatic  modifier, it declares a static constructor. Otherwise, it declares an
instance constructor.

Instance constructors can be overloaded. For exampleistheT> class declares two instance constructors,
one with no parameters and one thaesaannt parameter. Instance constructors are invoked usingethe
operator. The following statements allocate tigv <string>  instances using each of the constructors of the
List class.

22 Copyright O Microsoft Corpaation 19992007, All Rights Reserved.



Chapter 1 Introduction

List <string> listl = new List <string> ();

List <string>  list2 = new List <string> (10);
Unlike other members, instance constructors are not inherited, and a class has no instance constructors other
than those actually declared in the class. If no instance constructor is supplied for a class, then an empty one
with no paramers is automatically provided.

1.6.7.2 Properties

Propertiesare a natural extension of fields. Both are named members with associated types, and the syntax for
accessing fields and properties is the same. However, unlike fields, properties do not denotlshbi@mse

Instead, properties haaecessorshat specify the statements to be executed when their values are read or
written.

A property is declared like a field, except that the declaration ends wéth accessor and/orset accessor
written betweerthe delimiterd and} instead of ending in a semicolon. A property that has bgth accessor
and aset accessor is eeadwrite property a property that has onlyget accessor is eead-only property and
a property that has onlysat accessor is @rite-only property

A get accessor corresponds to a parameterless method with a return value of the property type. Except as the
target of an assignment, when a property is referenced in an expressin, dteessor of the property is
invoked to compu the value of the property.

A set accessor corresponds to a method with a single parameter naoeedand no return type. When a
property is referenced as the target of an assignment or as the operarut of , theset accessor is invoked
with an arguent that provides the new value.

ThelList <T> class declares two properti&€unt andCapacity , which are rea@nly and readvrite,
respectively. The following is an example of use of these properties.

List <string>  names =new List  <string> ();

names.Capaci ty = 100; Il Invokes set accessor
int i = names.Count; Il Invokes get accessor
int j = names.Capacity; Il Invokes get accessor

Similar to fields and methods, C# supports both instance properties and static properties. Static properties are
declaredwith thestatic  modifier, and instance properties are declared without it.

The accessor(s) of a property can be virtual. When a property declaration inclirdes a , abstract , or
override  madifier, it applies to the accessor(s) of the property.

1.6.7.3 Indexers

An indexeris a member that enables objects to be indexed in the same way as an array. An indexer is declared
like a property except that the name of the membtiisis followed by a parameter list written between the
delimiters[ and] . The parameters aavailable in the accessor(s) of the indexer. Similar to properties, indexers
can be readvrite, readonly, and writeonly, and the accessor(s) of an indexer can be virtual.

ThelList class declares a single readte indexer that takes am parameterThe indexer makes it possible
to indexList instances witlint values. For example

List <string> names =new List <string> ();
names.Add("Liz");

names.Add("Martha");

names.Add("Beth");

for (inti=0;i<names.Co unt; i++) {
string s = namesi];
namesi] = s.ToUpper();
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Indexers can be overloaded, meaning that a class can declare multiple indexers as long as the number or types of
their parameters differ.

1.6.7.4 Events

An eventis a member that enables a class or object to provide notifications. An event isdikkéaa field
except that the declaration includesesant keyword and the type must be a delegate type.

Within a class that declares an event member, the event behaves just like a field of a delegate type (provided the
event is not abstract and does declare accessors). The field stores a reference to a delegate that represents the
event handlers that have been added to the event. If no event handles are present, thalfield is

ThelList <T> class declares a single event member calethged, which indicates that a new item has been
added to the list. Thehanged event is raised by thenChanged virtual method, which first checks whether

the event iswll  (meaning that no handlers are present). The notion of raising an event is precisely equivalent
to invoking the delegate represented by the évéimiis, there are no special language constructs for raising
events.

Clients react to events throughient handlersEvent handlers are attached using+h®perator and removed
using the = operator. Thedllowing example attaches an event handler tcCtienged event of a
List <string>

using System;
class Test

static int changeCount;

static void ListChanged(object sender, EventArgs e) {
changeCount++;

static void Main() {
List <string> names =n ew List <string> ();
names.Changed += new EventHandler(ListChanged);
names.Add("Liz");
names.Add("Martha");
names.Add("Beth");
Console.WriteLine(changeCount); // Outputs "3"

}
}

For advanced scenarios where control of the underlying storageeg€anis desired, an event declaration can
explicitly provideadd andremove accessors, which are somewhat similar tastheaccessor of a property.

1.6.7.5 Operators

An operatoris a member that defines the meaning of applying a particular expression opeirsgtarices of a
class. Three kinds of operators can be defined: unary operators, binary operators, and conversion operators. All
operators must be declaredpaslic andstatic

ThelList <T> class declares two operatosperator == andoperator !=, and tlus gives new meaning to
expressions that apply those operatonsdo instances. Specifically, the operators define equality of two
List <T> instances as comparing each of the contained objects usinfdhais methods. The following
example uses the= operator to compare twast <int> instances.

using System;
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class Test

static void Main() {
List <int> a=newlList <int> ();

a.Add(1);
a.Add(2);
List <int> b= new List <int> ();
b.Add(1);
b.Add(2);
Console.WriteLine(a == b); [/l Outputs "True"
b.Add(3);
Console.WriteLine(a == b); // Outputs "False"
}
}
The firstConsole.WriteLine outputsTrue because the two lists contain the same number of objects with the
same values the same ordeHadList <T> not definedbperator ==, the firstConsole.WriteLine would

have outpufalse because andb reference differentist <int> instances.

1.6.7.6 Destructors

A destructoris a member that implements the actions required to destruct an instance of a class. Destructors
cannot have parameters, they cannoetraacessibility modifiers, and they cannot be invoked explicitly. The
destructor for an instance is invoked automatically during garbage collection.

The garbage collector is allowed wide latitude in deciding when to collect objects and run destructors.
Speifically, the timing of destructor invocations is not deterministic, and destructors may be executed on any
thread. For these and other reasons, classes should implement destructors only ethensolutions are

feasible.

Theusing statement provideslaetter approach tobject destruction

1.7 Structs

Like classesstructsare data structures that can contain data members and function members, but unlike classes,
structs are value types and do not require heap allocation. A variable of a struct typesiinext the data of

the struct, whereas a variable of a class type stores a reference to a dynamically allocated object. Struct types do
not support usespecified inheritance, and all struct types implicitly inherit from tyigect

Structs are partidarly useful for small data structures that have value semantics. Complex numbers, points in a
coordinate system, or kesalue pairs in a dictionary are all good examples of structs. The use of structs rather
than classes for small data structures can rad&gge difference in the number of memory allocations an
application performs. For example, the following program creates and initializes an array of 100 points. With
Point implemented as a class, 101 separate objects are instaht@tedor the arrayral one each for the 100
elements.

class Point
public int x, y;
public Point(int X, int y) {
this.x = x;
this.y =y;
}
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class Test

static void Main() {
Point[] points = new Point[100];
for (int1=0; i< 100; i++) points[i] = new Point(i, i);
}
}

An alternative is to makeoint a struct.
struct Point

public int x, v;

public Point(int x, int y) {
this.x = X;
this.y =y;

}

Now, only one object is instantiai@dhe one for the arrédyand thePoint instances are stored-iime in the
array.

Struct constructors are invoked with tiev operator, but that does not imply that memory is being allocated.
Instead of dynamically allocating an object and returning a reference to it, a struct constructor simply returns the
struct value itselftypically in a temporary location on the stack), and this value is then copied as necessary.

With classes, it is possible for two variables to reference the same object and thus possible for operations on one
variable to affect the object referenced bydtieer variable. With structs, the variables each have their own
copy of the data, and it is not possible for operations on one to affect the other. For example, the output
produced by the following code fragment depends on whetiier is a class or a stct.

Point a = new Point(10, 10);

Pointb = a;

a.x = 20;

Console.WriteLine(b.x);
If Point is a class, the output 20 because andb reference the same objectPidint is a struct, the output is
10 because the assignmentadfo b creates a copy of thalue, and this copy is unaffected by the subsequent
assignment ta.x .

The previous example highlights two of the limitations of structs. First, copying an entire struct is typically less
efficient than copying an object reference, so assignment angl patameter passing can be more expensive
with structs than with reference types. Second, excepeffoandout parameters, it is not possible to create
references to structs, which rules out their usage in a number of situations.

1.8 Arrays

An array is a daa structure that contains a number of variables that are accessed through computed indices. The
variables contained in an array, also calledeleenentsof the array, are all of the same type, and this type is
called theelement typef the array.

Array types are reference types, and the declaration of an array variable simply sets aside space for a reference
to an array instance. Actual array instances are created dynamically at runtime usewgdperator. Thaew

operation specifies tHength of thenew array instance, which is then fixed for the lifetime of the instance. The
indices of the elements of an array range fora Length - 1. Thenew operator automatically initializes the
elements of an array to their default value, which, for exangpleero for all numeric types andll for all

reference types.

The following example creates an arrayrof elements, initializes the array, and prints out the contents of the
array.
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using System;
class Test

static void Main() {
int[] a = new int[10] ;
for (inti=0;i<a.Length; i++) {
afil =i*i
for (inti=0;i<a.Length; i++) {
| Console.WriteLine("a[{0}] = {1}", i, a[i]);

}
}

This example creates and operates simgle-dimensional array C# also supportsulti-dimensionalarrays
The number of dimensions of an array type, also known asuikeof the array type, is one plus the number of
commas written between the square brackets of the array type. The following example allocates a one
dimensional, a twalimensional, and threedimensional array.

int[] al = new int[10];

int[,] a2 = new int[10, 5];

int[,,] a3 = new int[10, 5, 2];
Theal array contains 10 elements, #zarray contains 50 (10 x 5) elements, andatharray contains 100
(10 x 5 x 2) elements.

The elementyipe of an array can be any type, including an array type. An array with elements of an array type is
sometimes called jagged arraybecause the lengths of the element arrays do not all have to be the same. The
following example allocates an array of agafint :

int[][] a = new int[3][];

a[0] = new int[10];

a[l] = new int[5];

a[2] = new int[20];
The first line creates an array with three elements, each ofntfjpe and each with an initial value ofill
The subsequent lines then initialize the threenents with references to individual array instances of varying
lengths.

Thenew operator permits the initial values of the array elements to be specified usinrgyaimitializer, which
is a list of expressions written between the delimifeand} . The following example allocates and initializes an
int]  with three elements.

int[] a = new int[] {1, 2, 3};
Note that the length of the array is inferred from the number of expressions bétaedn Local variable and
field declarations can be shorterfacther such that the array type does not have to be restated.

intla=1{1, 2, 3};
Both of the previous examples are equivalent to the following:

int[] t = new int[3];
t[o] = 1;

t[1] = 2;

t[2]=3;
intfla=t;

1.9 Interfaces

An interface defines a contrachat can be implemented by classes and structs. An interface can contain
methods, properties, events, and indexers. An interfaces does not provide implementations of the members it
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define® it merely specifies the members that must be supplied by classesats that implement the
interface.

Interfaces may emplayultiple inheritance In the following example, the interfat@omboBox inherits from
bothITextBox andiListBox
interface IControl

void Paint();

interface ITextBox: IControl

void SetText  (string text);
}

interface IListBox: IControl

void Setltems(string[] items);

}

interface IComboBox: ITextBox, IListBox {}

Classes and structs can implement multiple interfaces. In the following example, th&ditBmss implements
bothIControl andiDa taBound .

interface IDataBound

void Bind(Binder b);

public class EditBox: IControl, IDataBound

public void Paint() {...}
public void Bind(Binder b) {...}

When a class or struct implements a particular interface, instances of that class oastbecimplicitly
converted to that interface type. For example
EditBox editBox = new EditBox();

IControl control = editBox;
IDataBound dataBound = editBox;

In cases where an instance is not statically known to implement a particular interface, dyparmisty can be

used. For example, the foll owing st alCoatwie rahds us e

IDataBound interface implementations. Because the actual type of the obfaditBex , the casts succeed.
object obj = new EditBox();

ICo ntrol control = (IControl)obj;
IDataBound dataBound = (IDataBound)obj;

In the previou€ditBox class, theraint method from théControl  interface and thBind method from the
IDataBound interface are implemented usipgblic members. C# also suppogsplicit interface member
implementations using which the class or struct can avoid making the membllis . An explicit interface
member implementation is written using the fully qualified interface member name. For examitiBive
class could implen thelControl.Paint andiDataBound.Bind ~ methods using explicit interface member
implementations as follows.

public class EditBox: IControl, IDataBound

void IControl.Paint() {...}

void IDataBound.Bind(Binder b) {...}
}
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Explicit interface members camly be accessed via the interface type. For example, the implementation of

IControl
EditBox

.Paint

reference to th&Control  interface type.

EditBox editBox = new EditBox();
editBox.Paint();
IControl control = editBox;

control.Paint(); Il Ok

1.10 Enums

An enum types a distinct value type with a set of named constants. The following example declares and uses
an enum type nametblor with three castant valuesRed, Green , andBlue .

using System;
enum Color

Red,
Green,
Blue

}

class Test

static void PrintColor(Color color) {
switch (color) {

case Color.Red:
Console.WriteLine("Red");
break;

case Color.Green:
Console.Wr iteLine("Green");
break;

case Color.Blue:
Console.WriteLine("Blue");
break;

default:
Console.WriteLine("Unknown color");
break;

}
}

static void Main() {
Color ¢ = Color.Red;
PrintColor(c);
PrintColor(Color.Blue);

}

/I Error, no such method

provided by the previousditBox class can only be invoked by first converting the

Each enum type has a corresponding integral type calledttierlying typeof the enum type. An enum type

that does not explicitly declare an underlying type has an underlying tymte of A n

enum

typebs

format and range of possible values are daeiteed by its underlying type. The set of values that an enum type

can take on is not limited by its enum members. In particular, any value of the underlying type of an enum can

be cast to the enum type and is a distinct valid value of that enum type.

The following example declares an enum type nai@ghment

enum Alignment: sbyte

Left = -1,
Center = 0,
Right=1

}
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As shown by the previous example, an enum member declaration can include a constant expression that
specfies the value of the member. The constant value for each enum member must be in the range of the
underlying type of the enum. When an enum member declaration does not explicitly specify a value, the
member is given the value zero (if it is the first memhbehe enum type) or the value of the textually preceding
enum member plus one.

Enum values can be converted to integral values and vice versa using type casts. For example

int i = (int)Color.Blue; /linti=2;
Color ¢ = (Color)2; Il Color ¢ = Color .Blue;

The default value of any enum type is the integral value zero converted to the enum type. In cases where
variables are automatically initialized to a default value, this is the value given to variables of enum types. In
order for the default valug an enum type to be easily available, the litérahplicitly converts to any enum

type. Thus, the following is permitted.

Colorc=0;

1.11 Delegates

A delegate typeepresents references to methods with a particular parameter list and return type. Delegates
make it possible to treat methods as entities that can be assigned to variables and passed as parameters.
Delegates are similar to the concept of function pointers found in some other languages, but unlike function
pointers, delegates are objectentedand typesafe.
The following example declares and uses a delegate type rumeticn

using System;

delegate double Function(double x);

class Multiplier

{
double factor;
public Multiplier(double factor) {
this.factor = factor;
}
public double Multip ly(double x) {
return x * factor;
}
}
class Test
static double Square(double x) {
return x * x;
}
static double[] Apply(double[] a, Function f) {
double[] result = new double[a.Length];
for (inti =0; i < a.Length; i++) result[i] = f(a[i]);
return result;
static void Main() {
double[] a ={0.0, 0.5, 1.0};
double[] squares = Apply(a, Square);
double[] sines = Apply(a, Math.Sin);
Multiplier m = new Multiplier(2.0);
double[] doubles = Apply(a, m.Multiply);
}
}
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An instance of taFunction delegate type can reference any method that tattesbée argument and returns
adouble value. TheApply method applies a givefunction to the elements of double[] |, returning a
double[]  with the results. In th®lain methodApply is used tapply three different functions to a

double[]

A delegate can reference either a static method (susuase or Math.Sin in the previous example) or an
instance method (such asMultiply  in the previous example). A delegate that references an instatbedn

also references a particular object, and when the instance method is invoked through the delegate, that object
becomeshis in the invocation.

Del egates can also be created using anonymous funct
fly. Anonymous functions can see the local variables of the sourrounding methods. Thus, the multiplier example
above can be written more easily without usingutiplier class:

double[] doubles = Apply(a, (double x) => x * 2.0);

An interesting and us@ property of a delegate is that it does not know or care about the class of the method it
references; all that matters is that the referenced method has the same parameters and return type as the delegat

1.12 Attributes

Types, members, and other entitiesiC# program support modifiers that control certain aspects of their
behavior. For example, the accessibility of a method is controlled usipgtle , protected |, internal
andprivate  modifiers. C# generalizes this capability such that-deéined tyes of declarative information
can be attached to program entities and retrieved at runtime. Programs specify this additional declarative
information by defining and usiraftributes

The following example declareslpAttribute attribute that can be plad on program entities to provide
links to their associated documentation.

using System;

public class HelpAttribute: Attribute
{

string url;
string topic;

public HelpAttribute(string url) {
this.url = url;

}

public string Url {
get { return url; }

public string Topic {
get { return topic; }
set { topic = value; }

}

All attribute classes derive from tisgstem.Attribute base class provided by the .NET Framework.
Attributes can be applied by giving their name, along with any argumeside isquare brackets just before the
associated declaratioh. f an attr i battbetd s, thatgpanteof thee madne can e omitted when the
attribute is referenced. For example, HatpAttribute attribute can be used as follows.

[Help("http://ms dn.microsoft.com/.../MyClass.htm")]
public class Widget

[Help("http://msdn.microsoft.com/.../MyClass.htm", Topic = "Display")]

public void Display(string text) {}
}
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This example attachesHelpAttribute to thewidget class and anothételpAttribute to theDisplay

method in the class. The public constructors of an attribute class control the information that must be provided
when the attribute is attached to a program entity. Additional information can be provided by referencing public
readwrite propertes of the attribute class (such as the reference ttofsie property previously).

The following example shows how attribute information for a given program entity can be retrieved at runtime
using reflection.

using System;
using System.Reflection;

class Test

static void ShowHelp(Memberinfo member) {
HelpAttribute a = Attribute.GetCustomAttribute(member,
typeof(HelpAttribute)) as HelpAttribute;
if (a == null) {
Console.WriteLine("No help for {0}, member);

else {
Console.WriteLine("H elp for {0}:", member);
Console.WriteLine(" Url={0}, Topic={1}", a.Url, a.Topic);
}
}

static void Main() {
ShowHelp(typeof(Widget));
ShowHelp(typeof(Widget). GetMethod("Display"));

}

When a patrticular attribute is requested through reflectimconstructor for the attribute class is invoked with
the information provided in the program source, and the resulting attribute instance is returned. If additional
information was provided through properties, those properties are set to the givenbefbre the attribute
instance is returned.
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2. Lexical structure

2.1 Programs

A C# programconsists of one or mos®ource files known formally acompilation units(89.1). A source file is
an ordered sequence of Unicode characteource files typically have a eteeone correspondence with files in
a file system, but this correspondence is not requirednBgimalportability, it is recommended that files in a
file system be encoded with the U'BFencoding.

Conceptually speakin a program is compiled using three steps:

1. Transformation, which converts a file from a particular character repertoire and encoding scheme into a
sequence of Unicode characters.

2. Lexical analysis, which translates a stream of Unicode input characteesstream of tokens.
3. Syntactic analysis, which translates the stream of tokens into executable code.

2.2 Grammars

This specification presents the syntax of the C# programming language using two grammigscdlhe
grammar (82.2.2 defines how Unicode characters are combined to form line terminators, white space,
comments, tokens, and ppeocessing directives. Thayntactic grammai(82.2.3 defines how the tokens
resulting from the lexical grammar atembined to form C# programs.

2.2.1 Grammar notation

The lexical and syntactic grammars are presented gsamgmar productions Each grammar production
defines a notterminal symbol and the possible expansions of thatt@oninal symbol into sequences of non
terminal or terminal symbols. In grammar productionsyterminalsymbols are shown in italic type, and
terminal  symbols are shown in a fixesidth font.

The first line of a grammar production is the name of theteominal symbol being defined, followdy a
colon. Each successive indented line contains a possible expansion of-teemmioal given as a sequence of
nortterminal or terminal symbols. For example, the production:

while-statement:
while  ( booleanexpression) embeddegtatement

defines awhile-statemento consist of the tokewhile | foll owed(dby ftohlel maoleskde nb yii a
expression f ol | owed)db,y ftohl el ambekitkdbatgineatn

When there is more than one possible expansion of-&enotinal symbol, thelgernatives are listed on separate
lines. For example, the production:

statementist:
statement
statementist statement

defines astatementist to either consist of atatemenbr consist of astatementist followed by astatementin
other words, th definition is recursive and specifies that a statement list consists of one or more statements.

A subscripd eids swsfdd xtdi i ndi cate an optional symbol

Copyright O Microsoft Corporation19992007. All Rights Reserved. 33



C# LANGUAGE SPECIFICATION

block:
{ statementistyy }

is shorthand for:

block:

{ 1}
{ statemat-list }

and defines dlockto consist of an optionatatementiste nc | o ® dayodh t k en s .

Alternatives are normally listed on separate lines, though in cases where there are many alternatives, the phrase
Afone of 0 may pr orsegiderona sidgle kne. Thisfs simplysteonhand for listing each of the
alternatives on a separate line. For example, the production:

real-typesuffix: one of
FfDdMm

is shorthand for:

real-typesuffix:

3 Z20™T

2.2.2 Lexical grammar

The lexial grammar of C# is presented i2.§ 82.4, and 8.5. The terminal symbols of the lexical grammar are
the characters of the Unicode character set, and the lexical graapetifies how characters are combined to
form tokens (8.4), white space 83.3, comments (8.3.2, and preprocessing directives 285).

Every source file in a C# program must conform toitipeit production of the lexical grammarZ ).

2.2.3 Syntactic grammar

The syntactic grammar of C# is presented in the chapters and appendices that follow this chapter.nahe termi
symbols of the syntactic grammar are the tokens defined by the lexical grammar, and the syntactic grammar
specifies how tokens are combined to form C# programs.

Every source file in a C# program must conform todbpilatiorrunit production of the aytactic grammar
(89.1).

2.3 Lexical analysis

Theinput production defines the lexical structure of a C# source file. Each source file in a C# program must
conform to this lexical grammar production.
input:
input-section;
input-section:
input-sectionpart
input-section inpusectionpart
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input-sectionpart:
input-elements,; newline
pp-directive

input-elements:
input-element
inputelements inputlement

input-element:
whitespace
comment
token

Five basic elements make up theical structure of a C# source file: Line terminator®.881), white space
(82.3.3, comments (8.3.2), tokens (8.4), and preprocessing idectives (8.5). Of these basic elements, only
tokens are significant in the syntactic grammar of a C# prograrf.3

The lexical processing of a C# source file consists of reducing the tla sequence of tokens which becomes

the input to the syntactic analysis. Line terminators, white space, and comments can serve to separate tokens,
and preprocessing directives can cause sections of the source file to be skipped, but otherwise takse lexic
elements have no impact on the syntactic structure of a C# program.

When several lexical grammar productions match a sequence of characters in a source file, the lexical
processing always forms the longest possible lexical element. For example, daerhsrquende is
processed as the beginning of a sidgfle comment because that lexical element is longer than a sitgjten.

2.3.1 Line terminators
Line terminators divide the characters of a C# source file into lines.

newline:
Carriage return charaart (U+000D)
Line feed charactetJd-000A)
Carriage return charactay4000D) followed by line feed characted€000A)
Next line charactefu+0085)
Line separator charactas{2028)
Paragraph separator characterZ029)

For compdibility with source code editing tools that add esfefile markers, and to enable a source file to be
viewed as a sequence of properly terminated lines, the following transformations are applied, in order, to every
source file in a C# program:

1 If the lag character of the source file is a CortZotharactery+001A), this character is deleted.

1 A carriagereturn charactery+000D) is added to the end of the source file if that source file isenaoty
and if the last character of the source file is ncamiage returny{+000D), a line feedy+000A), a line
separatory+2028), or a paragraph separatar029).

2.3.2 Comments

Two forms of comments are supported: siFgie comments and delimited commerigleline comments
start with the characters and etend to the end of the source limelimited commentstart with the
characterg* and end with the charactevs. Delimited comments may span multiple lines.

comment:
singleline-comment
delimitedcomment
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singleline-comment:
/I inputcharactergy,

input-characters:
input-character
input-characters inputharacter

input-character:
Any Unicode character excepnawline-character

newline-character:
Carriage return charactey{000D)
Line feed charactetJ@-000A)
Next line charactefu+0085)
Line separator charactas{2028)
Paragraph separator characterZ029)

delimitedcomment
/*  delimitedcommentext,,; asterisls /

delimitedcommentext
delimitedcommentsection
delimitedcommentext delimiteecommentsectbn

delimitedcommentsection
/
asteriskg,; not-slashor-asterisk

asterisks

*

asterisks *

notslashor-asterisk:
Any Unicode character exceptor *

Comments do not nest. The character sequéncasd*/ have no special meaning withir/a commentand
the character sequendésand/* have no special meaning within a delimited comment.

Comments are not processed within character and string literals.

The example

/* Hello, world program
This program writes ohello, worldé to the consol e
*/

classHel lo

static void Main() {
System.Console.WriteLine("hello, world");

}

includes a delimited comment.

The example
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/l Hello, world program

/'l This program writes oOhello, worldé to the consol e
1

class Hello // any name will do for this class

staticv  oid Main() { // this method must be named "Main"
System.Console.WriteLine("hello, world™);

}

shows several singline comments.

2.3.3 White space

White space is defined as any character with Unicode class Zs (which includes the space character) as well as
the horizontal tab character, the vertical tab character, and the form feed character.

whitespace:
Any character with Unicode class Zs
Horizontal tab charactetJ¢0009)
Vertical tab charactetJg¢-000B)
Form feed charactetJ¢000C)

2.4 Tokens

There are severainds of tokens: identifiers, keywords, literals, operators, and punctuators. White space and
comments are not tokens, though they act as separators for tokens.

token:
identifier
keyword
integekrliteral
real-literal
charactetliteral
string-literal
operatoror-punctuator

2.4.1 Unicode character escape sequences

A Unicode character escape sequence represents a Unicode character. Unicode character escape sequences are
processed in identifiers 284.2), character literals g4.4.4, and regular string literals 284.4.5. A Unicode

character escape is not processed in any other location (for example, to form an operator, punctuator, or
keyword).

unicodeescapesequence:
\u hexdigit hexdigit hexdigit hexdigit
\ U hexdigit hexdigit hexdigit hexdigit hexdigit hexdigit hexdigit hexdigit

A Unicode escape sequence represents the single Unicode character formed by the hexadecimal number
foll owhubgr\udlh ec hfiar act er s . -bitSehcoding of Onicoda cdepoints inkt@racters and
string values, a Unicode character in the range U+10000 to U+10FFFF is not permitted in a character literal and
is represented using a Unicode surrogate pairsinirzg literal. Unicode characters with code points above
0x10FFFF are not supported.

Mul tiple translations ar e not\ugEuds0d nesd.e Fwirv alnesrttar
M uo05CO0 r at h\e@r. (Than Ufn\iu@sCdsehe gharbeurgo i

The example
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class Classl1
static void Test(bool \ u0066) {
charc=" \ u0066';
if ( \ u0066)
System.Console.WriteLine(c.ToString());
}
}
shows several uses\ofic066, whi ch i s t he escadp.e Tsheeq upernocgetttef no ri st heeq
class Classl1
static void Test(bool f) {
charc="1;
if (f)
System.Console.WriteLine(c.ToString());
}
}

2.4.2 Identifiers

The rules for identifiers given in this section correspond exactly to those recommended by the Unicode Standard
Annex 15,except that underscore is allowed as an initial character (as is traditional in the C programming

|l anguage), Unicode escape sequences are permitted i
enable keywords to be used as identifiers.

identifier:
availableidentifier
@ identifier-or-keyword

availableidentifier:
An identifier-or-keywordthat is not &keyword

identifier-or-keyword:
identifier-start-character identifiespart-charactergp

identifier-start-character:
letter-character
_ (the underscore charactgf005F)

identifier-part-characters:
identifier-part-character
identifier-part-characters identifiepart-character

identifier-part-character:
letter-character
decimatdigit-character
connectingcharacter
combiningcharacter
formatting-character

letter-character:
A Unicode character of classes Lu, LI, Lt, Lm, Lo, or NI
A unicodeescapesequenceepresenting a character of classes Lu, LI, Lt, Lm, Lo, or NI

combiningcharacter:
A Unicode character of classes Mn or Mc
A unicodeescapesequenceepresenting a character of classes Mn or Mc
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decimaldigit-character:
A Unicode character of the class Nd
A unicodeescapesequenceepresenting a character of the class Nd

connectingcharacter:
A Unicode character of the class Pc
A unicade-escapesequenceepresenting a character of the class Pc

formattingcharacter:
A Unicode character of the class Cf
A unicodeescapesequenceepresenting a character of the class Cf

For information on the Unicode character classes mentioned abovéd)es&micode Standay®¥ersion 3.0
section 4.5.

Exampl es of val iidntfierd e not, iidefitifierz s 0i, n ca@ifiddd ei 0

An identifier in a conforming program must be in the canonical format defined by Unicode Normalization Form
C, as defined by Uoode Standard Annex 15. The behavior when encountering an identifier not in
Normalization Form C is implementatiatefined; however, a diagnostic is not required.

The p@efeinxabil es the use of keywor ds a sithiotheent i fi er s,
programming languages. The chara@s not actually part of the identifier, so the identifier might be seen in

other languages as a normal identifier, without the prefix. An identifier wi@@efix is called averbatim

identifier. Use ofthe @prefix for identifiers that are not keywords is permitted, but strongly discouraged as a
matter of style.

The example:
class @class

public static void @static(bool @bool) {
if (@bool)
System.Console.WriteLine("true");
else
System.Console .WriteLine("false");

}

class Class1

static void M() {
cl \ u0061ss.st \ u0061tic(true);
}

}

defines a clask @s svi hamad sfi atstatic dmett thaotd tnaakmesd Holpar a met e
Note that since Unicode escapes are not permittedyimke r d s , dl Yweoelssdwk e s fan i dent i f

the same i@dlasanot.i fi er as i

Two identifiers are considered the same if they are identical after the following transformations are applied, in
order:

T The p@efiixf fused, i's removed.
1 Eachunicodeescapesequencés transformed into its corresponding Unicode character.
1 Any formattingcharactes are removed.

Identifiers containing two consecutive underscore charadie@bF) are reserved for use by the
implementation. For example, an implemeiota might provide extended keywords that begin with two
underscores.
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2.4.3 Keywords

A keywordis an identifierlike sequence of characters that is reserved, and cannot be used as an identifier except
when prefaced by th@character.

keyword: one of

abstract as base bool break

byte case catch char checked
class const continue decimal default
delegate do double else enum

event explicit extern false finally

fixed float for foreach goto

if implicit in int interfac e
internal is lock long namespace
new null object operator out
override params private protected public
readonly ref return shyte sealed
short sizeof stackalloc static string

struct switch this throw true

try typeof uint ulong unchecked
unsafe ushort using virtual void

volatile while

In some places in the grammar, specific identifiers have special meaning, but are not keywords. For example,
within a propeupgetd asetd|fadant ohiaencamieg{F.V.2. Arsigertifier

other tharget orset is never permitted in these locations, so this use does not conflict with a use of these
words as identifiers.

2.4.4 Literals
A literal is a source code representation ebhule.

literal:
booleanliteral
integekrliteral
real-literal
charactetliteral
string-literal
null-literal

2.4.4.1 Boolean literals
There are two boolean literal valuesie andfalse

booleanliteral:
true
false

The type of aooleanliteral is bool .

2.4.4.2 Integer literals

Integer literals are used to write values of tylpes, uint , long , andulong . Integer literals have two possible
forms: decimal and hexadecimal.
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integerliteral:
decimalintegerliteral
hexadecimalntegerliteral

decimalintegerliteral:
decimatdigits integertypesuffix:

decimaldigits:
decimaldigit
decimaldigits decimaldigit

decimaldigit: one of
0123456789

integertypesuffix: one of
UulLlUL U uL ul LU Lu U lu

hexadecimalntegerliteral:
O0x hexdigits integettypesuffixp
0X hexdigits integettypesuffixp:

hexdigits:
hexdigit
hexdigits hexdigit

hexdigit: one of

0123456789ABCDEFabcdef
The type of an integer literal is determined as follows:

Chapter 2 Lexical structure

If the literal has no suffix, it has the first of these types in which its value can be reprementedht |
long , ulong .

If the literal is suffixed byJ or u, it has the first of these types in which its value can be represainted:
ulong .

If the literal is suffixed byt or |, it has the first of these types in which its value can be represéemtgd:
ulong .

If the literal is suffixed byJL, Ul, uL, ul , LU, Lu, U, orlu , it is of typeulong .

If the value represented by an integer literal is oettie range of thdlong type, a compilgime error occurs.
Usedsdi whpgadart etl i fiohga, bircdiitasr al s

As

To permit the smallest pabte int

a matter of sty | b e
easy to conlfousve tthh#ohleetdti g t i A

rules exist:

T
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andlong values to be written as decimal integer literals, the following two

When adecimatintegetliteral with the value 2147483648%2 and nantegertypesuffixappears as the
token immediately following a unary minus operatiken (§.6.9, the result is a constant of tyjpe with
the val ue 1 2Y114al dtieBsBudt®dns,(siciecimalintegerliteral is of typeuint .

When adecimalintegerliteral with the value 9223372036854775808% 2nd nantegertypesuffixor the
integertypesuffixL or | appears as thieken immediately following a unary minus operator tokehgg),
the result is a constant of tyfomg wi t h
such adecimalintegetliteral is of typeulong .

T 9 2. ;Allothér 8itGadidhs} 7 7 5 8 0
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2.4.4.3 Real literals
Real literals are used to write values of tyfiest , double , anddecimal

real-literal:
decimaldigits . decimaldigits exponenpart,, real-typesuffix,:
decimaldigits exponenpart,, real-typesuffix
decimatdigits eponertpart reaktypesuffix,:
decimaldigits reattypesuffix

exponenjpart:
e Signy: decimatdigits
E sign,: decimatdigits

sign: one of
+ -

real-typesuffix: one of
FfDdMm

If no real-typesuffixis specified, the type of ttreal literal isdouble . Otherwise, the real type suffix
determines the type of the real literal, as follows:

1 Arreal literal suffixed byF or f is of typefloat . For example, the literall , 1.5f , 1e10f , and
123.456F are all of typefloat

1 Arreal literalsuffixed byD or d is of typedouble . For example, the literalsd, 1.5d , 1e10d, and
123.456D are all of typedouble .

1 Arreal literal suffixed byMor mis of typedecimal . For example, the literalsm 1.5m, 1e10m, and
123.456M are all of typalecimal . This literal is converted todecimal value by taking the exact value,
and, if necessary, rounding to the nearest representable value using banker's rodridifngABy scale
apparent in the literal is preserved unless theeva rounded or the value is zero (in which latter case the
sign and scale will be 0). Hence, the litez200m will be parsed to form the decimal with sign
coefficient2900, and scalg.

If the specified literal cannot be represented in the indidgipe] a compilgime error occurs.
The value of areal literal of tygleat ordouble i s det er mined by using the

Note that in a real literal, decimal digits are always required after the decimal point. For exaghplis, areal
literal but1.F is not.

2.4.4.4 Character literals
A character literal represents a single character, and usually consists of a character in quddes, as in

charactetliteral:
character '

character:
singlecharacter
simpleescapesequence
hexadecimkaescapesequence
unicodeescapesequence

singlecharacter:
Any character except (U+0027),\ (U+005C), andnewline-character
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simpleescapesequence:one of
VN WY N0 Va \b A An \r \t v

hexadecimakscapesequence:
\x hexdigit hexdigitop: hexdigitop: hexdigitop:

A character that follows a backslash charadtgin acharactermust be one of the following characters!,
\,0,a,b,f,n,r,t,u,Ux,v. Otherwise, a compHtme error occurs.

A hexadecimal escape sequenggresents a single Unicode character, with the value formed by the
hexadeci mal nuxaber foll owing 0

If the value represented by a character literal is greateftHaiRFF, a compiletime error occurs.
A Unicode character escape sequen@e4(8) in a character literal must be in the rang®000 to U+FFFF.

A simple escape sequence represents a Unicode character encoding, as described in the table below.

Escape Character Unicode
sequence name encoding
\ Single quote 0x0027
\ Double quote | 0x0022
W Backslash 0x005C
\0 Null 0x0000
\a Alert 0x0007
\b Backspace 0x0008
\f Form feed 0x000C
\n New line 0x000A
\r Carriage return | 0x000D
\t Horizontal tab | 0x0009
\v Vertical tab 0x000B

The type of aharacterliteral is char .

2.4.4.5 String literals
C# supports two forms of string literategular string literalsandverbatim string literals

A regular string literal consists of zero or more characters enclosed in double quotéselas in , and may
include both simple escapeaiences (such as for the tab character), and hexadecimal and Unicode escape
sequences.

A verbatim string literal consists of gcharacter followed by a doubtpiote character, zero or more

characters, and a closing doubjeote character. A simple @xple is@"hello" . In a verbatim string literal,

the characters between the delimiters are interpreted verbatim, the only exceptiondueitepacape

sequenceln particular, simple escape sequences, and hexadecimal and Unicode escape sequences are not
processed in verbatim string literals. A verbatim string literal may span multiple lines.
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string-literal:
regular-string-literal
verbatimstring-literal

regular-string-literal:
regular-string-literal-charactergy: "

regular-string-literal-characters:
regular-string-literal-character

regular-string-literal-characters regulastring-literal-character

regular-string-literal-character:
singleregular-string-literal-character
simpleescapesequence
hexadecimakscapesequence
unicodeescapesequence

sinde-regular-string-literal-character:

Any character except (U+0022),\ (U+005C), andnewline-character

verbatimstring-literal:
@" verbatim-string-literal-charactergy; "

verbatimstring-literal-characters:
verbatimstring-literal-character

verbatimstring-literal-characters verbatirstring-literal-character

verbatimstring-literal-character:
singleverbatimstring-literal-character
qguoteescapesequence

singleverbatimstring-literal-character:
Any character except

guoteescapesequence:

A character that follows a backslash charadtérir{ aregular-string-literal-charactermust be one of the
following characters:,",\,0,a,b,f,n,r,t, u, U, x, v. Otherwise, a compime error occurs.

The example

string a = "hello, world";
string b = @"hello, world";

\ t world";
\ t world";

string ¢ = "hello
string d = @"hello

"Joe said \"Hello \"to me"
@"Joe said "'Hell 0" to me";

\\\\'server \\ share \\ file.txt";
\'\ server \ share \ file.txt";

string e
string f

stringg ="
string h= @"

string i = "one
string j = @"one
two

three";

\ r\ ntwo \ r \ nthree";

/I h ello, world
I/l hello, world

/l hello world
/l hello \ t world

/l Joe said "Hello" to me
/I Joe said "Hello" to me

/I \\'server \ share \ file.txt
/I \\server \ share \ file.txt

shows a variety dftring literals. The last string literdl, is a verbatim string literal that spans multiple lines.
The characters between the quotation marks, including white space such as new line characters, are preserved

verbatim.

44
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Since a hexadecimal escape sequeacehave a variable number of hex digits, the string litargl23"
contains a single character with hex value 123. To create a string containing the character with hex value 12
followed by the character 3, one could wtitex00123" or "\ x12" +"3" insteal.

The type of astring-literal is string

Each string literal does not necessarily result in a new string instance. When two or more string literals that are
equivalent according to the string equality operat@r98) appeaiin the samerogram these string literals
refer to the same string instance. For instance, the output produced by

class Test
static void Main() {
object a = "hello";

object b = "hello";
System.Console.WriteLine(a == b);

}
}

is True because thewo literals refer to the same string instance.

2.4.4.6 The null literal

null-literal:
null

The null-literal can be implicitly converted to a reference type or nullae.

2.4.5 Operators and punctuators

There are several kinds of operators and punctuators. Opeaa¢onsed in expressions to describe operations
involving one or more operands. For example, the expreasidn uses the operator to add the two
operands andb. Punctuators are for grouping and separating.

operatoror-punctuator: one of
{ } [ ] ( ) : , : ;

+ i * / % & A ! ~
= < > ? ?? i ++ - && I
-> == 1= <= >= += - = *= = %=
&= = N= << <<= =>

right-shift:
>|>

right-shiftassignment:
>|>=

The vertical bar in thaght-shift andright-shiftassignmenproductions are used to indicate thatlike other
productions in the syntactic grammar, no characters of any kind (not even whitespace) are allowed between the
tokens.These productions are treated specially in order to enable the correct hantljrepaframeterlists

(810.1.3.

2.5 Pre-processing directives

The preprocessing directives provide the ability to conditionally skip sections of source files, to report error and
warning conditions, and to delineate distinct regidnsos our ce c o der. o Tédhes itreg md ifipe et
used only for consistency with the C and C++ programming languages. In C#, there is no separate pre
processing step; pq@ocessing directives are processed as part of the lexical analysis phase.
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pp-directive:
pp-declaration
pp-conditional

pp-line
pp-diagnostic

pp-region
pp-pragma
The following preprocessing directives are available:

1 #define and#undef , which are used to define and undefine, respectively, conditional compilation
symbols (2.5.3.

#if |, #elif |, #else , and#endif , which are used to conditionally skip sections of source c&ib.@
#line , which is used to control line numbers emitted for errors and warnigds 18

1
1
1 #error and#warning , which are used to issue errors and warnings, respectizly. 58
1

#region and#endregion , which are used to explicitly mark sections of source co?® (§.

1 #pragma, which is used tgpecify optional contextual information to the compile2.Eg8.

A pre-processing directive always occupies a separate line of source code and always begitshdtiacter
and a preprocessing dirgive name. White space may occur beforettlsbaracter and between theharacter
and the directive name.

A source line containing#define , #undef , #if , #elif , #else , #endif , or#line directive may end with
a singleline comment. Delimited commenthi&/* */ style of comments) are not permitted on source lines
containing preprocessing directives.

Preprocessing directives are not tokens and are not part of the syntactic grammar of C#. However, pre
processing directives can be used to include or decdequences of tokens and can in that way affect the
meaning of a C# program. For example, when compiled, the program:

#define A
#undef B

class C
{
#if A
void F() {}
#else

void G() {}
#endif

#if B

void 1() {}
#endif

}
results in theexact same sequence of tokens as the program:
class C

void F() §}
void 10§}

Thus, whereas lexically, the two programs are quite different, syntactically, they are identical.

46 Copyright O Microsoft Corpaation 19992007, All Rights Reserved.



Chapter 2 Lexical structure

2.5.1 Conditional compilation symbols

The conditional compilation functionalifyrovided by thetif , #elif , #else , and#endif directives is
controlled through prprocessing expressions2(8.2 and conditional compilation symbols.

conditionatsymbol:
Any identifier-or-keywordexcepttrue or false

A conditional compilation symbol has two possible state$inedor undefined At the beginning of the lexical
processing of a source file, a conditional compilation symbol is undefined unless it has been explicitly defined
by an external mechanism (such as a camhline compiler option). When #define directive is processed,

the conditional compilation symbol named in that directive becomes defined in that source file. The symbol
remains defined until a#undef directive for that same symbol is processed, ait tivg end of the source file

is reached. An implication of this is thatefine and#undef directives in one source file have no effect on
other source files in the same program.

When referenced in a pprocessing expression, a defined conditional caatipit symbol has the boolean
valuetrue , and an undefined conditional compilation symbol has the booleanfaakie. There is no
requirement that conditional compilation symbols be explicitly declared before they are referenced in pre
processing expressis. Instead, undeclared symbols are simply undefined and thus have thelsalue

The name space for conditional compilation symboils is distinct and separate from all other named entities in a
C# program. Conditional compilation symbols can only be eefsrd in#define and#undef directives and
in preprocessing expressions.

2.5.2 Pre-processing expressions

Preprocessing expressions can occu#ifn and#elif  directives. The operatots ==, =, &&and|| are
permitted in pregprocessing expressions, and p#ineaes may be used for grouping.

pp-expression:
whitespacg,: pp-or-expression whitespage

pp-or-expression:
pp-and-expression
pp-or-expression whitespage || whitespacg,: pp-and-expression

pp-and-expression:
pp-equalityexpression
pp-and-expression whitespage && whitespacg,: pp-equalityexpression

pp-equalityexpression:
pp-unary-expression
pp-equalityexpression whitespage == whitespacg, pp-unary-expression
pp-equalityexpression whitespage = whitespacg: pp-unary-expression

pp-unary-expression:
pp-primary-expression
! whitespacg,: pp-unary-expression

pp-primary-expression:
true
false
conditionatsymbol
( whitespacgy,: pp-expression whitespage )

When referenced in a pprocessing expssion, a defined conditional compilation symbol has the boolean
valuetrue , and an undefined conditional compilation symbol has the booleanfakie.
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Evaluation of a prg@rocessing expression always yields a boolean value. The rules of evaluatigneor a
processing expression are the same as those for a constant expr@s$&neiaept that the only useefined
entities that can be referenced are conditional compilation symbols.

2.5.3 Declaration directives
The declaration dectives are used to define or undefine conditional compilation symbols.

pp-declaration:
whitespacg,: # whitespacg, define  whitespace conditionadymbol pmewiline
whitespacg,: # whitespacg: undef whitespace conditionadymbol pp-newline

pp-newline:
whitespacg,: singleline-commeny,; newline

The processing of #define  directive causes the given conditional compilation symbol to become defined,
starting with the source line that follows the directive. Likewise, tbegasing of aftundef directive causes

the given conditional compilation symbol to become undefined, starting with the source line that follows the
directive.

Any #define and#undef directives in a source file must occur before the fisken(82.4) in the source file;
otherwise a compilme error occurs. In intuitive termgdefine and#undef directives must precede any
Aireal coded in the source file.

The example:

#define Enterprise

#if Professional || Enterprise
#define Adv  anced
#endif

namespace Megacorp.Data

#if Advanced
class PivotTable {...}
#endif

is valid because thedefine directives precede the first token (temespace keyword) in the source file.

The following example results in a compilme error because#define follows real code:

#define A
namespace N

#define B

#if B

class Classl {}
#endif

A #define may define a conditional compilation symbol that is already defined, without there being any
intervening#undef for that symbol. The example belalgfines a conditional compilation syml@oand then
defines it again.

#define A
#define A

A#undef may Aundefined a conditional compilation symbo
conditional compilation symba@ and then undefines it twicalthough the secontlindef has no effect, it is
still valid.
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#define A
#undef A
#undef A

2.5.4 Conditional compilation directives
The conditional compilation directives are used to conditionally include or exclude portions of a source file.

pp-conditional:
pp-if-section pgelif-sections,: pp-elsesection,: pp-endif

pp-if-section:
whitespacg,: # whitespacg,: if whitespace pgxpression ppewline conditional
sectionp

pp-elif-sections:
pp-elif-section
pp-elif-sections pyelif-section

pp-elif-section:
whitespacg,: # whitespacg, elif  whitespace pgxpression pmpewline conditional
sectionp

pp-elsesection:
whitespacg,: # whitespacg: else pp-newline conditionalsection

pp-endif:
whitespacg,: # whitespace,: endif  pp-newline

conditionaktsection:
input-section
skippedsection

skippedsection:
skippedsectionpart
skippedsection skippedectionpart

skippedsectionpart:
skippedcharacterg,: newline
pp-directive

skippedcharacters:
whites@ace,,: notnumbersign inputcharactergy,

notnumbersign:
Any input-characterexcept#

As indicated by the syntax, conditional compilation directives must be written as sets consisting of, in order, an
#if directive, zero or morgelif  directives, zm or onetelse directive, and a#endif directive. Between

the directives are conditional sections of source code. Each section is controlled by the immediately preceding
directive. A conditional section may itself contain nested conditional compilatiectides provided these

directives form complete sets.

A pp-conditionalselects at most one of the contaiedditionatsectiors for normal lexical processing:

1 Thepp-expression of the#if and#elif directives are evaluated in order until one yigtdse. If an
expression yieldgue , theconditionatsectionof the corresponding directive is selected.

9 If all pp-expression yieldfalse , and if an#else directive is present, theonditionatsectionof the#else
directive is selected.
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1 Otherwise, n@onditional-sectionis selected.

The selectedonditionatsection if any, is processed as a nornmglut-section the source code contained in the
section must adhere to the lexical grammar; tokens are generated from the source code in the section; and pre
procesing directives in the section have the prescribed effects.

The remainingonditionatsectiors, if any, are processed sidppedsectiors: except for pr@rocessing

directives, the source code in the section need not adhere to the lexical grammar;har®kenerated from

the source code in the section; andmacessing directives in the section must be lexically correct but are not
otherwise processed. Withincanditionalsectionthat is being processed askippedsection any nested
conditionatsectiors (contained in nestetf ..#endif and#region ..#endregion constructs) are also
processed askippedsectiors.

The following example illustrates how conditional compilation directives can nest:

#define Debug /I Debugging on
#undef Trace /[ Tracin g off

class PurchaseTransaction

void Commit() {
#if Debug
CheckConsistency();
#if Trace
WriteToLog(this. ToString());
#endif
#endif
CommitHelper();
}
}

Except for preprocessing directives, skipped source code is not subject tol leragsis. For example, the
following is valid despite the unterminated comment intise section:

#define Debug /I Debugging on
class PurchaseTransaction

void Commit() {
#if Debug
CheckConsistency();
#else
/* Do something else
#endif

}
}

Note, however, that prerocessing directives are required to be lexically correct even in skipped sections of
source code.

Preprocessing directives are not processed when they appear insidémauitput elements. For example, the
program:
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classH ello

static void Main() {
System.Console.WriteLine(@"hello,
#if Debug
world
#else
Nebraska

");

#endif

}
}

results in the output:

hello,
#if Debug

world
#else

Nebraska
#endif

In peculiar cases, the set of gmecessing directives that isqeessed might depend on the evaluation opthe
expressionThe example:
#if X
/*
#else

/**/ class Q {}
#endif

always produces the same token strecdlas{ Q{ }), regardless of whether or ne¢is defined. IfX is defined,
the only processed dir@ets are#if and#endif , due to the mukline comment. IiX is undefined, then three
directives #if , #else , #endif ) are part of the directive set.

2.5.5 Diagnostic directives

The diagnostic directives are used to explicitly generate error and warning mekaages reported in the
same way as other comptiene errors and warnings.

pp-diagnostic:
whitespacg,: # whitespacg, error  pp-message
whitespacg,: # whitespacg,: warning pp-message

pp-message:
newline
whitespace inputharactergy newline

The example:
#warning Code review needed before check -in

#if Debug && Retall
#error A build can't be both debug and retall
#endif

class Test{...}

always produces a warning -i(md&)o,deamavp retave meeod ed Adderhp
build candt be both debug RebudandRetdila ark oth defirfed. Nobed¢hatc o n d i
app-messagean contain arbitrary text; specifically, it need not contain-feethed tokens, as shown by the

single quote inthe word a n 6 t
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2.5.6 Region directives
The region directives are used to explicitly mark regions of source code.

pp-region:
pp-startregion conditionaksection,: pp-endregion

pp-start-region:

whitespacg,: # whitespacg,: region pp-message
pp-endregion:

whitespaceg,: # whitespacg,: endregion  pp-message

No semantic meaning is attached to a region; regions are intended for use by the programmer or by automated
tools to mark a section of source code. The message specifigteian  or #endregion directive likewise

has no semantic meaning; it merely serves to identify the region. Matghisign and#endregion

directives may have differepp-message

The lexical processing of a region:

#region
ﬁéndregion

corresponds exactly to the lexical pegsing of a conditional compilation directive of the form:
#if true

#endif

2.5.7 Line directives

Line directives may be used to alter the line numbers and source file names that are reported by the compiler in
output such as warnings and errors.

Line directves are most commonly used in met@gramming tools that generate C# source code from some
other text input.

pp-line:
whitespacg,: # whitespacgy, line  whitespace linéndicator ppnewline

line-indicator:
decimaldigits whitespace fitaame
decimaldigits
default
hidden

file-name:
file-namecharacters "

file-namecharacters:
file-namecharacter
file-namecharacters filenamecharacter

file-namecharacter:
Any input-characterexcept"

When no#line  directives are present, the cpiter reports true line numbers and source file names in its
output. When processing#iine directive that includes line-indicator that is notdefault , the compiler
treats the linafter the directive as having the given line number (and file nampetised).
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A #line default directive reverses the effect of all preceding #line directives. The compiler reports true line
information for subsequent lines, precisely as iffivee  directives had been processed.

A #line hidden directive has no effect ohe file and line numbers reported in error messages, but does
affect source level debugging. When debugging, all lines betwgiéere aidden directive and the
subsequentline directive (that is notline hidden ) have no line number information. When gisg
through code in the debugger, these lines will be skipped entirely.

Note that dile-named i f f er s from a regular string I|iteé&dal in
character simply designates an ordinary backslash character witleimame

2.5.8 Pragma directives

The#pragma preprocessing directive is used to specify optional contextual information to the compiler. The
information supplied in &pragma directive will never change program semantics.

pp-pragma:
whitespacg,: # whitesp&e,; pragma whitespace pragmbody ppnewline

pragmabody:
pragmawarning-body

C# providegtpragma directives to control compiler warnings. Future versions of the language may include
additional#pragma directives. To ensure interoperability witther C# compilers, the Microsoft C# compiler
does not issue compilation errors for unknasgragma directives; such directives do however generate
warnings.

2.5.8.1 Pragma warning

The#pragma warning directive is used to disable or restore all or a particutasfsgarning messages during
compilation of the subsequent program text.

pragmawarning-body:
warning  whitespace warningction
warning  whitespace warningction whitespace warnirgst

warning-action:
disable
restore

warninglist:
decimaldigits
warninglist whitespacg: , whitespacg: decimaldigits

A #pragma warning directive that omits thevarninglist affects all warnings. Apragma warning directive
the includes a warning list affects only those warnings that are specifiedist.the

A #pragma warning disable directive disables all or the given set of warnings.

A #pragma warning restore directive restores all or the given set of warnings to the state that was in effect
at the beginning of the compilation unit. Note that if aipalar warning was disabled externally#@agma
warning restore (whether for all or the specific warning) will notemable that warning.

The following example shows use#ragma warning to temporarily disable the warning reported when
obsoleted mendys are referenced, using the warning nunfiteen the Microsoft C# compiler

using System;
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class Program

[Obsolete]
static void Foo() {}

static void Main() {
#pragma warning disable 612
Foo();
#pragma warning restore 612

}

54
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3. Basic concepts

3.1 Application Startup

An assembly that has @mtry pointis called arapplication When an application is run, a nepplication
domainis created. Several different instantiations of an application may exist on the same machine at the same
time, and each has itsva application domain.

An application domain enables application isolation by acting as a container for application state. An application
domain acts as a container and boundary for the types defined in the application and the class libraries it uses.
Types loaded into one application domain are distinct from the same type loaded into another application
domain, and instances of objects are not directly shared between application domains. For instance, each
application domain has its own copy of static abkes for these types, and a static constructor for a type is run

at most once per application domain. Implementations are free to provide implemespatdic policy or
mechanisms for the creation and destruction of application domains.

Application statup occurs when the execution environment calls a designated method, which is referred to as
the application's entry point. This entry point method is always nataied and can have one of the following
signatures:

static void Main() {...}

static void Ma in(string[] args) {...}
static int Main() {...}

static int Main(string[] args) {...}

As shown, the entry point may optionally returni@n value. This return value is used in application
termination (8.2).

The entry point magptionally have one formal parameter. The parameter may have any name, but the type of
the parameter must lseing[] . If the formal parameter is present, the execution environment creates and
passes atring][] argument containing the commatlide argumets that were specified when the application
was started. Thetring]] argument is never null, but it may have a length of zero if no comiivaad

arguments were specified.

Since C# supports method overloading, a class or struct may contain multipléahefioftsome method,

provided each has a different signature. However, within a single program, no class or struct may contain more
than one method calledain whose definition gualifies it to be used as an application entry point. Other
overloaded versianof Main are permitted, however, provided they have more than one parameter, or their only
parameter is other than typiing]]

An application can be made up of multiple classes or structs. It is possible for more than one of these classes or
structs tocontain a method calledain whose definition qualifies it to be used as an application entry point. In
such cases, an external mechanism (such as a contimamompiler option) must be used to select one of
theseMain methods as the entry point.

In C#, every method must be defined as a member of a class or struct. Ordinarily, the declared accessibility
(83.5.]) of a method is determined by the access modifici8.83 specified in its declaratip and similarly

the declared accessibility of a type is determined by the access modifiers specified in its declaration. In order for
a given method of a given type to be callable, both the type and the member must be accessible. However, the
applicationentry point is a special case. Specifically, the execution environment can access the application's
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entry point regardless of its declared accessibility and regardless of the declared accessibility of its enclosing
type declarations.

The gplication entrypoint methodnay not be in a generiass declaration
In all other respects, entry point methods behave like those that are not entry points.

3.2 Application termination
Application terminationreturns control to the execution environment.

Ifthereturntypeo f t h e a pnpy pbitraethodasnt 6, the value returned serves as the application's
termination status codeThe purpose of this code is to allow communication of success or failure to the
execution environment.

If the return type of the entiyoint method isvoid , reaching the right bracg)(which terminates that method,
or executing aeturn  statement that has no expression, results in a termination status code of

Prior to an applicationds t eranhave aotyetdheen gadhages dolieatedt or s
are called, unless such cleanup has been suppressed (by a call to the libraryG@&hmoressFinalize ,
for example).

3.3 Declarations

Declarations in a C# program define the constituent elements of the program. @#ngrage organized using
namespaces @, which can contain type declarations and nested hamespace declarations. Type declarations
(89.6) are used to define classed@§ structs (80.19, interfaces (83), enums (84), and delegates {8). The

kinds of members permitted in a type declaration depend dortineof the type declaration. For instance, class
declarations can contain declarations for constad3.4§ fields (8.0.5, methods (80.6), properties (80.7),

events (80.8), indexers (80.9, operators (£0.10, instance constructorsi8.11), static constructors 1%.12,
destructors (80.13, and nested typ€§l10.3.9.

A declaration defines a name in ttheclaration spacéo which the declaration belongs. Except for overloaded
members (8.6), it is a compiletime error to have two or more declarations that introduce members with the
same name in a declaration space. It is never possible for a declaration space to contain different kinds of
members with the saamame. For example, a declaration space can never contain a field and a method by the
same name.

There are several different types of declaration spaces, as described in the following.

9 Within all source files of a programamespacenemberdeclaratiors with no enclosinghamespace
declarationare members of a single combined declaration space callgtbtied declaration space

9 Within all source files of a programamespacenembeideclaratiors withinnamespaceleclaratiors that
have the same fully qualifidd namespace name are members of a single combined declaration space.

1 Each class, struct, or interface declaration creates a new declaration space. Names are introduced into this
declaration space througlassmemberdeclaratiors, structkmemberdeclaratins, interfacemember
declaratiors, ortypeparametes. Except for overloaded instance constructor declarations and static
constructor declarations, a class or stonactnot contain anember declaratiowith the same name as the
class or struct. A classystt, or interface permits the declaration of overloaded methods and indexers.
Furthermore, a class or struct permits the declaration of overloaded instance constructors and operators. For
example, a class, struct, or interface may contain multiple mefdadrations with the same name,
provided these method declarations differ in their signatld®)(8\ote that base classes do not contribute
to the declaration space of a class, and base interfaces do not contribute ttatia¢i@®e space of an
interface. Thus, a derived class or interface is allowed to declare a member with the same name as an
inherited member. Such a member is saidide the inherited member.
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1 Each delegate declaration creates a new declaration spaces deanintroduced into this declaration space
throughtypeparametes.

9 Each enumeration declaration creates a new declaration space. Names are introduced into this declaration
space througenummemberdeclarations

1 Eachblockor switchblock, as well as &or, foreachandusingstatement, creates a declaration space for
local variablesand local constants called tloeal variable declaration spacéNames are introduced into
this declaration space throulgital-variable-declaratons andlocal-constantdeclaratiors. If a block is the
body of an instance constructor, method, or operator declaration, a get or set accessor for an indexer
declarationpor an anonymous functiothe parameters declaredtiat construcare membersohte bl oc k 6 s
local variable declaration spacimilarly, any expression that occurs as the bodyharaonymous function
in the form of dambdaexpressiortreates a declaration space which contains the pararoetbes
anonymous functiart is an error for two members of a local variable declaration space to have the same
name. It is an error for the local variable declaration space of a bloekraastediocal variable declaration
space to contain elements lwthe same name. Thus, within a nestedaration spadeis not possible to
declare a local variable or constant with the same name as a local variable or constant in an enclosing
declaration spacdt is possible for twaleclaration spacds contain &ments with the same name as long
as neithedeclaration spaceontains the other.

1 Eachblockor switchblockcreates a separate declaration space for labels. Names are introduced into this
declaration space throudgibeledstatemers, and the names areferenced throughoto-statemerd. The
label declaration spacef a block includes any nested blocks. Thus, within a nested block it is not possible
to declare a label with the same name as a label in an enclosing block.

The textual order in which nameseateclared is generally of no significance. In particular, textual order is not
significant for the declaration and use of namespaces, constants, methods, properties, events, indexers,
operators, instance constructors, destructors, static constructotgpesidDeclaration order is significant in the
following ways:

9 Declaration order for field declarations and local variable declarations determines the order in which their
initializers (if any) are executed.

Local variables must be defined before theyusmed (8.7).

Declaration order for enum member declaratiorigt(@ is significant whertonstantexpressiorvalues are
omitted.

The declaration space of a na wmedegamtors withdhe samef@lyn e n d e c
gualified name contribute to the same declaration space. For example

namespace Megacorp.Data

class Customer

{
}
}
namespace Megacorp.Data
class Order
}
}
The two namespace declarations above durie to the same declaration space, in this case declaring two
classes with the fully qualified nami&gacorp.Data.Customer andMegacorp.Data.Order . Because the
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two declarations contribute to the same declaration space, it would have caused atoompileor if each
contained a declaration of a class with the same name.

As specified above, the declaration space of a block includes any nested blocks. Thus, in the following example,
theF andG methods result in a compitame error because the naimés declared in the outer block and cannot

be redeclared in the inner block. However, tendl methods are valid sincethetvd s ar e decl ar ed
separate nenested blocks.

class A
void F() {
inti=0;
if (true) {
inti=1;
}
}
void G( ){
if (true) {
inti=0;
o
inti=1;
}
void H() {
if (true) {
inti=0;
%f (true) {
inti=1,
}
}
void I() {

for (inti=0;i<10; i++)
HO; .

for (inti=0;i<10; i++)
HQ);

}

3.4 Members

Namespaces and tgp havanembers The members of an entity are generally available through the use of a
gualified name that starts wi.bhtakeerfefehtewed bfiet
member.

Members of a type are either declared in the tguaratioror inherited from the base class of the type. When

a type inherits from a base class, all members of the base class, except instance constructors, destructors and
static constructors, become members of the derived type. The declared atgasisibbase class member does

not control whether the memberisinheriedn her i t ance extends to any membe
constructor, static constructor, or destructor. However, an inherited member may not be accessible in a derived
type, eithe because of its declared accessibilitg.81) or because it is hidden by a declaration in the type itself
(83.7.1.2.

3.4.1 Namespace members

Namespaces and types that have no enclosing namespaanarersiof thglobal namespaceThis
corresponds directly to the names declared in the global declaration space.

Namespaces and types declared within a namespace are members of that namespace. This corresponds directly
to the names declared in the decl@raspace of the namespace.
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Namespaces have no access restrictions. It is not possible to declare private, protected, or internal namespaces,
and namespace names are always publicly accessible.

3.4.2 Struct members

The members of a struct are the members detlarthe struct and the members inheritedftolme st r uct 6s
direct base clasSystem.ValueType and the indirect basg#assobject

The members of a simple type correspond directly to the members of the struct type aliased by the simple type:
The members afbyte are the members of ti8ystem.SByte  struct.
The members diyte are the members of ti8ystem.Byte  struct.

The members afhort are the members of ti8ystem.Intl6  struct.
The members afshort are the members of ti8ystem.UInt16  struct.
The membes ofint are the members of tl8ystem.Int32  struct.

The members afint are the members of tl8ystem.UInt32  struct.
The members dbng are the members of ti8ystem.Int64  struct.
The members aflong are the members of ti8ystem.UInt64  struct.
The memilers ofchar are the members of ti8ystem.Char struct.

The members dfoat are the members of tl8ystem.Single  struct.
The members adouble are the members of ti8ystem.Double  struct.

The members alecimal are the members of tl8ystem.Decimal  struct.

= =4 =4 =4 =4 4 -4 -4 -4 -4 -4 -4

The members diool are the members of ti8ystem.Boolean  struct.

3.4.3 Enumeration members

The members of an enumeration are the constants declared in the enumeration and the members inherited from
the enumer at i o mstsm. Bnunmaadahe indiret base cladseystesn.ValueType and
object

3.4.4 Class members

The members of a class are the members declared in the class and the members inherited from the base class
(except for classbject which has no base class). The members inherited from the basénclade the

constants, fields, methods, properties, events, indexers, operators, and types of the base class, but not the
instance constructors, destructors and static constructors of the base class. Base class members are inherited
without regard to thir accessibility.

A class declaration may contain declarations of constants, fields, methods, properties, events, indexers,
operators, instance constructors, destructors, static constructors and types.

The members dafbject andstring correspond directlyo the members of the class types they alias:
1 The members afbject are the members of ti8ystem.Object  class.

1 The members oftring are the members of tigystem.String  class.
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3.4.5 Interface members

The members of an interface are the members declaredintetface and in all base interfaces of the interface
The members in clagbject are not, strictly speaking, members of any interfad&.@8. However, the
members in classbject are available via member lookup in any integfaype (§.3).

3.4.6 Array members
The members of an array are the members inherited fromyfaiesn.Array

3.4.7 Delegate members
The members of a delegate are the members inherited fronsgkaes.Delegate

3.5 Member access

Declaratios of members allow control over member access. The accessibility of a member is established by the
declared accessibility 885.1) of the member combined with the accessibility of the immediately containing
type, if any.

When &cess to a particular member is allowed, the member is saicatxessibleConversely, when access to
a particular member is disallowed, the member is said iodoeessible Access to a member is permitted when
the textual location in which the accéakes place is included in the accessibility domathq®) of the

member.

3.5.1 Declared accessibility
Thedeclared accessibilitgf a member can be one of the following:

1 Public, which is selected by includingrablic modifier inthe member declaration. The intuitive meaning

ofpublic i s faccess not | imitedo.

9 Protected, which is selected by includingratected  modifier in the member declaration. The intuitive
meaning oprotected i s fAaccess | i mited dsderivedfeom thecontaminghi ng c |
cl asso.

1 Internal, which is selected by including iaternal modifier in the member declaration. The intuitive
meaningointernal i s fAaccess | imited to this programo.

1 Protected internal (meaning protected or internal), wisigelected by including bothpgotected  and an
internal  modifier in the member declaration. The intuitive meaningratected internal i s fAaccess
limted to this program or types derived from the

1 Private, which is selected by includi aprivate  modifier in the member declaration. The intuitive
meaning oprivate i s faccess | imited to the containing typ

Depending on the context in which a member declaration takes place, only certain types of declared accessibility
are permitted. Athermore, when a member declaration does not include any access modifiers, the context in
which the declaration takes place determines the default declared accessibility.

1 Namespaces implicitly haymiblic declared accessibility. No access modifiers domald on namespace
declarations.

1 Types declared in compilation units or namespaces carpbhble orinternal  declared accessibility
and default tanternal ~ declared accessibility.

1 Class members can have any of the five kinds of declared accessibildgfantt toprivate  declared
accessibility. (Note that a type declared as a member of a class can have any of the five kinds of declared
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accessibility, whereas a type declared as a member of a namespace can hagionlpr internal
declared accessiltyi.)

9 Struct members can hapeblic ,internal , orprivate  declared accessibility and defaultpiivate
declared accessibility because structs are implicitly sealed. Struct members introduced in a struct (that is, not
inherited by that struct) cannot hgwetected  or protected internal  declared accessibility. (Note
that a type declared as a member of a struct canguélie , internal , orprivate  declared
accessibility, whereas a type declared as a member of a namespace can hagionlpr internal
dedared accessibility.)

1 Interface members implicitly haymiblic declared accessibility. No access modifiers are allowed on
interface member declarations.

1 Enumeration members implicitly hapeblic declared accessibility. No access modifiers are allowed on
enumeration member declarations.

3.5.2 Accessibility domains

Theaccessibility domairof a member consists of the (possibly disjoint) sections of program text in which

access to the member is permitted. For purposes of defining the accessibility domain of a enemelaber is

said to beop-levelif it is not declared within a type, and a member is said toelséedif it is declared within

another type. Furthermore, theogram textof a program is defined as all program text contained in all source

files of theprogram, and the program text of a type is defined as all program text contained between the opening
and cl{dsamd ti k e olassbody struckbedy, interfacebody, or enumbodyof the type

(including, possibly, types that are nested withiatype).

The accessibility domain of a predefined type (suctbi@st ,int , ordouble ) is unlimited.

The accessibility domain of a tégvelunboundypeT (84.4.3 that is declared in a prograpris defined as
follows:

9 If the declared accessibility @fis public , the accessibility domain afis the program text & and any
program that referenc&s

1 If the declared accessibility afis internal , the accessibility domain afis the program text d®.

From these definitins it follows that the accessibility domain of a-tepel unbounadype is always at least the
program text of the program in which that type is declared.

Theaccessibility domain for a constructed type\;, ..., Ay is the intersection of the accesstiyildomain of
the unbound generic tygeand the accessibility domains of the type argumants.., Ax.

The accessibility domain of a nested menmfadeclared in a typ& within a progranP is defined as follows
(noting thatMitself may possibly be a tyje

1 If the declared accessibility &fis public , the accessibility domain ®fis the accessibility domain ot

9 If the declared accessibility ofis protected internal , letD be the union of the program textand
the program text of any type derives]dm T, which is declared outside The accessibility domain ofis
the intersection of the accessibility domairrafith D.

9 If the declared accessibility &fis protected , let D be the union of the program textaind the program
text of any type dived fromT. The accessibility domain tfis the intersection of the accessibility domain
of T with D.

1 If the declared accessibility &fis internal , the accessibility domain ddis the intersection of the
accessibility domain of with the program texof P.

1 If the declared accessibility &fis private , the accessibility domain &fis the program text of.
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From these definitions it follows that the accessibility domain of a nested member is always at least the program
text of the type in which the ember is declared. Furthermore, it follows that the accessibility domain of a
member is never more inclusive than the accessibility domain of the type in which the member is declared.

In intuitive terms, when a type or membéis accessed, the followingeps are evaluated to ensure that the
access is permitted:

T

il
il
il

First, if Mis declared within a type (as opposed to a compilation unit or a namespace), a-tiamejeieor
occurs if that type is not accessible.

Then, ifMis public , the access is permitted.

Otherwise, ifMis protected internal , the access is permitted if it occurs within the program in wiich
is declared, or if it occurs within a class derived from the class in whikkeclared and takes place
through the derived class type3(8.3.

Otherwise, ifMis protected , the access is permitted if it occurs within the class in whishdeclared, or
if it occurs within a class derived from the class in whitib declared and takes place through the derived
class typd83.5.3.

Otherwise, ifMisinternal  , the access is permitted if it occurs within the program in wiishdeclared.
Otherwise, ifMis private , the access is permitted if it occurs within the type in whhdeclared.

Otherwise, the type or member is inaccessible, and a cotipieerror occurs.

In the example

public class A

public static int X;
internal static int Y;
private static int Z;

internal class B

public static int X;
internal static int Y;
private s  tatic int Z;

public class C
public static int X;

internal static int Y;
private static int Z;

private class D
public static int X;

internal static int Y;
private static int Z;

}

the classes and members have the following acchtysimmains:

)l
)l

62

The accessibility domain @fandA.X is unlimited.

The accessibility domain &Y, B, B.X, B.Y, B.C, B.C.X , andB.C.Y is the program text of the containing
program.

The accessibility domain @f.Z is the program text ok
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1 The accessibilitlomain ofB.Z andB.D is the program text d, including the program text &C and
B.D.

The accessibility domain &.C.Z is the program text @.C.

The accessibility domain @&.D.X andB.D.Y is the program text @, including the program text &. C
andB.D.

1 The accessibility domain &.D.z is the program text @.D.

As the example illustrates, the accessibility domain of a member is never larger than that of a containing type.
For example, even though &limembers have public declared accessgjbihll butA.X have accessibility
domains that are constrained by a containing type.

As described in &4, all members of a base class, except for instance constructors, destructors and static
constructors, are inherited berived types. This includes even private members of a base class. However, the
accessibility domain of a private member includes only the program text of the type in which the member is
declared. In the example

class A
{
int x;
static void F(B b) {
bx =1; / Ok
}
}
class B: A

static void F(B b) {
b.x=1; /I Error, x not accessible
}

}

theB class inherits the private membefrom theA class. Because the member is private, it is only accessible
within theclassbodyof A. Thus, the accese b.x succeeds in th&.F method, but fails in thB.F method.

3.5.3 Protected access for instance members

When aprotected  instance member is accessed outside the program text of the class in which it is declared,
and when arotected internal  instance membesiaccessed outside the program text of the program in
which it is declaredthe access must take place within a class declaration that derives from the class in which it
is declared. Furthermorthe access is required to take pldu®ughan instance ahatderived class typer a

class type constructed from Tthis restriction prevents one derived class from accessing protected members of
other derived classes, even wlikea members arnaherited from the same base class.

Let B be a base class that thres a protected instance membsleand letD be a class that derives fran
Within theclassbodyof D, access ttvican take one of the following forms:

1 An unqualifiedtypenameor primary-expressiorof the formm

1 A primary-expressiorof the formE.M, provided the type df is T or a class derived from, whereT is the
class typeb, or a class type constructed fram

1 A primary-expressiorof the formbase.M .

In addition to these forms of access, a derived class can access a protected instance rcohathage class in
aconstructorinitializer (810.11.12.

In the example
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public class A

protected int Xx;

static void F(A a, B b) {
ax=1; /I Ok
b.x=1; /I Ok
}
}

public class B: A
static void F(A a, B b) {
ax=1; /I Error, must access through instance of B
b.x=1, /I Ok

}
}

within A, it is possible to accessthrough instances of bothandB, since in either case the access takes place
throughan instance of or a class derived from. However, wihin B, it is not possible to accegsghrough an
instance of, sinceA does not derive frors.

In the example
class C<T>

protected T x;

class D<T>: C<T>

static void F() {
D<T> dt = new D<T>();
D<int> di = new D<int>();
D<string> ds = new D<s tring>();
dt.x = default(T);
di.x = 123;
ds.x = "test";

}
}

the three assignmentsstare permitted because they all take place through instances of class types constructed
from the generic type.

3.5.4 Accessibility constraints

Several constructs in thi&# language require a type todideast as accessible asmember or another type. A
typeT is said to be at least as accessible as a member avitfyftee accessibility domain af is a superset of
the accessibility domain & In other wordsT is a least as accessible ®¥ T is accessible in all contexts in
which Mis accessible.

The following accessibility constraints exist:
1 The direct base class of a class type must be at least as accessible as the class type itself.
1 The explicit base interfas of an interface type must be at least as accessible as the interface type itself.

1 The return type and parameter types of a delegate type must be at least as accessible as the delegate type
itself.

The type of a constant must be at least as accessitile agnstant itself.
The type of a field must be at least as accessible as the field itself.

The return type and parameter types of a method must be at least as accessible as the method itself.
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The type of a property must be at least as accessible pofierty itself.
The type of an event must be at least as accessible as the event itself.
The type and parameter types of an indexer must be at least as accessible as the indexer itself.

The return type and parameter types of an operator must be asleaseasible as the operator itself.

=A =4 =4 =4 =4

The parameter types of an instance constructor must be at least as accessible as the instance constructor
itself.
In the example
class A{...}
public class B: A {...}
theB class results in a compiteme error becausiis not at least as accessibleBas

Likewise, in the example
class A{...}
public class B

AF(){.}
internal A G() {...}

public A H() {...}

theH method inB results in a compiktime error because the return types not at least as accessibkethe
method.

3.6 Signatures and overloading
Methods, instance constructors, indexers, and operators are characterizeddigrtatires

1 The signature of a method consists of the name of the matieodumber of type parametensd the type
and kind (valie, reference, or output) of each of its formal parameters, considered in the order left to right.
For these purposes, any type parameter of the method that occurs in the type of a formal parameter is
identified not by its name, but by its ordinal positiorthe type argument list of the methddhe signature
of a method specifically does not include the return typepdteens modifier that may be specified for the
right-most parametenor the optional type parameter constraints

1 The signature of an irestice constructor consists of the type and kind (value, reference, or output) of each of
its formal parameters, considered in the order left to right. The signature of an instance constructor
specifically does not include tlparams modifier that may be spdied for the rightmost parameter.

1 The signature of an indexer consists of the type of each of its formal parameters, considered in the order left
to right. The signature of an indexer specifically does not include the elememdypioes it includehe
params modifier that may be specified for the righiost parameter

1 The signature of an operator consists of the name of the operator and the type of each of its formal
parameters, considered in the order lefight. The signature of an operator specifically does not include
the result type.

Signatures are the enabling mechanisnof@rloadingof members in classes, structs, and interfaces:

1 Overloading of methods permits a class, struct, or interface to eenldtiple methods with the same name,
provided their signatures are unique within that class, struct, or interface.
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1 Overloading of instance constructors permits a class or struct to declare multiple instance constructors,
provided their signatures are gae within that class or struct.

1 Overloading of indexers permits a class, struct, or interface to declare multiple indexers, provided their
signatures are unigue within that class, struct, or interface.

9 Overloading of operators permits a class or strudetdare multiple operators with the same name,
provided their signatures are unique within that class or struct.

Althoughout andref parameter modifiers are considered part of a signature, members declared in a single
type cannot differ in signature stidy ref andout . A compiletime error occurs if two members are declared

in the same type with signatures that would be the same if all parameters in both methodts wittlifiers

were changed tef modifiers. For other purposes of signature matcféng., hiding or overridingyef and

out are considered part of the signature and do not match each(éttiemestriction is to allow C#prograns

to be easily translated to run on the Common Language Infrastructure (CLI), which does not provite a way
define methods that differ solelyief andout .)

The following example shows a set of overloaded method declarations along with their signatures.
interface ITest

void F();

void F(int x);

void F(ref int x);
void F(out int x);
void F(int x, int y);
int F(string s);

I1'F()

I F(int)

Il F(ref int)

I/l F(out int) error
Il F(int, int)

Il F(string)

int F(int x); Il F(int) error
void F(string[] a); Il F(string[])
void F(params string[] a); Il F(string[]) error

}

Note that anyef andout parameter modifiers (®.6.1 are part of a signature. Thuigint) andF(ref

int) are unique signatas.However,F(ref int) andF(out int) cannot be declared within the same
interface because theiignatures differ solely byef andout . Also, nde that the return type and tharams
modifier are not part of a signature, so it is not possible to overload solely based on return type or on the
inclusion or exclusion of thearams modifier. As such, th declarations of the methodgnt) and

F(params string[]) identified above result in a compitene error.

3.7 Scopes

Thescopeof a name is the region of program text within which it is possible to refer to the entity declared by
the name without qualificetn of the name. Scopes canrmsted and an inner scope may redeclare the
meaning of a name from an outer scope (this does not, however, remove the restriction impasthaty §
within a nested block it is not possibledeclare a local variable with the same name as a local variable in an
enclosing block). The name from the outer scope is then saichiddenin the region of program text covered
by the inner scope, and access to the outer name is only possible byrgutie name.

1 The scope of a namespace member declarechbynaspacenemberdeclaration(89.5) with no enclosing
namespaceleclarationis the entire program text.

1 The scope of a namespace member declarechbynaspacenembe-declarationwithin anamespace
declarationwhose fully qualified name N is thenamespac®odyof everynamespaceleclarationwhose
fully qualified name i\ or starts with\, followed by a period.
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1 The scope ohame defined bgnexterralias-directiveextends over thesingdirectives global-attributes
andnamespacenemberdeclarationsof its immediatelycontainingcomglation unit or namespace body.
An externalias-directivedoes not contribute any new memberth®underlying declaration spade.other
words,anexternalias-directiveis not transitive, but, rather, affectsly thecompilationunit or namespace
body in whichit occurs

1 The scope of a name defined or imported ligiagdirective(89.4) extends over theamespacenember
declarationsof thecompilatiorrunit or namespacéodyin which theusingdirectiveoccurs. Ausing
directivemay make zero or more namespace or type names available within a pactoytéatiorrunit or
namespacédody, but does not contribute any new members to the underlying declaration space. In other
words, ausingdirectiveis not transitive but rather affects only t@mpilatiorunit or namespacéodyin
which it occurs.

1 The scope of a type mmeter declared bytgpeparameterlist on aclassdeclaration(810.1) is theclass
base typeparameterconstraintsclauses andclassbodyof thatclassdeclaration

1 The scope of a type parameter declared typaparamete-list on astructdeclaration(811.]) is thestruct
interfaces type parameterconstraintsclausesandstructbodyof thatstructdeclaration

1 The scope of a type parameter declared typeparameterlist on aninterfacedeclaration (813.1) is the
interfacebase typeparameterconstraintsclauses andinterfacebodyof thatinterfacedeclaration

1 The scope of a type parameter declared typaparameterlist on adelegatedeclaration(815.]) is the
returntype formalparametetlist, andtype parameterconstraintsclausesof thatdelegatedeclaration

1 The scope of a member declared lfassmemberdeclaration(810.1.9 is theclassbodyin which the
declaration occurs. In addition, the scope of a class member extendslasgimdyof those derived
classes that are included in the accessibility doma&irb(8 of the member.

9 The scope of a member declai®dastructkmemberdeclaration(811.2) is thestructbodyin which the
declaration occurs.

1 The scope of a member declared byeanmmemberdeclaration (814.3 is theenumbodyin which the
declardion occurs.

1 The scope of a parameter declared methoddeclaration(810.6) is themethodbodyof thatmethod
declaration

1 The scope of a parameter declared imnalexerdeclaration(810.9 is theaccessoweclarationsof that
indexerdeclaration

9 The scope of a parameter declared imp@ratordeclaration(810.10Q is theblock of thatoperator
declaration

1 The scope of a parameter declared aoastructordeclaraton (810.1]) is theconstructorinitializer and
block of thatconstructordeclaration

1 The scope of a parameter declared ianabdaexpressiorn(8) is thelambdaexpressiorbodyof that
lambdaexpression

1 The scope of a parametdeclared in amnonymousnethodexpressiorn(8) is theblock of thatanonymous
methodexpression

The scope of a label declared ifaheledstatemen({88.4) is theblockin which the declaration occurs.

The scope of a local viable declared in bbcal-variable-declaration(§8.5.]) is the block in which the
declaration occurs.

1 The scope of a local variable declared swétchblock of aswitch statement (8.7.2 is theswitchblock
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