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C# “ See Sharp”
C C++

International ISO/IEC

Microsoft

C#

(property) (method)

(attribute)

(type-safe)

C#

C#

C#
override

C#

1.1 Hello world

usi ng System
class Hello

Java

NET Framework C#
C#

(event)
C#

C#
(exception handling)

static void Min() {

Consol e. WitelLine("Hello,

C#
Microsoft C#

csc hello.cs
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ECMA-334 ISO/IEC 23270

(component-oriented)

C#

(Garbage collection)

(unified type system) C# i nt doubl e
obj ect
Ct
C# (versioning)
vi rtual
“ Hello, World” CH
vorl d")
“ Hello, World” hel |l 0. cs



C#

Hel | o,
“ Hello, World”

Col | ecti ons

“ Hello, World”
static

Framework

1.2
C#

C#

hel | 0. exe
Vorld
usi ng System (namespace)
C# — System
Consol e IO
using
usi ng Consol e. Witeline

System Consol e. Wi telLine

Hell o Mai n Mai n
(instance) this
Mai n
Syst em Consol e Wi teLine NET
Microsoft C# Ct
NET Framework Ct
(program) (namespace) (type) (member)
(assembly) C#
(field)
. exe .dll
(application) (library)
System

usi ng

namespace Acne. Col | ections

public class Stack

}

Entry top;

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

public object Pop() {
if (top == null) throw new I nvalidQOperationException();
obj ect result = top.data,;
top = top. next;
return result;

class Entry

{
public Entry next;
public object data;
public Entry(Entry next, object data) {
this.next = next;
this.data = data;
}
}
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Acne. Col | ecti ons St ack
Acre. Col | ecti ons. St ack top Push Pop
Entry Entry next
dat a acne. cs
csc /t:library acne.cs
Mai n acre. dl |
(Intermediate Language, IL) (metadata)
NET JIm) IL
C# #i ncl ude
C#
acre. dl | Acme. Col | ecti ons. St ack
usi ng System
usi ng Acrre. Col | ecti ons;
cl ass Test
static void Main() {
Stack s = new Stack();
s. Push(1);
s. Push( 10);
s. Push(100);
Consol e. WiteLine(s.Pop());
Consol e. WiteLine(s.Pop());
Consol e. WiteLine(s.Pop());
}
}
test.cs test.cs /r
acre. dl |
csc /r:acne.dll test.cs
test. exe
100
10
1
C# C#
C# C#
1.3
C# (value type) (reference type)
r ef out
C# (simple type) (enum type) (struct type)
null (nullable type) C# (class type)
(interface type) (array type) (delegate type)
O Microsoft Corporation 1999-2008



C#

C#
sbyte short int | ong
byte wushort uint ul ong
Unicode char
IEEE f1 oat doubl e
deci nal
bool

enumE {...}
struct S {...}

null nul |

obj ect
Unicode string
class C{...}
interface I {...}
int[] int[,]
del egate int D(...)
8 32 64
f1 oat doubl e 32 64 IEEE 754
deci nal 128
C# bool — true fal se
C# Unicode char UTF-16
UTF-16
C#

O Microsoft Corporation 1999-2008
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/

8 sbyte | _128 127

16 short | _32768 32,767

32 i nt -2,147,483,648 2,147,483,647

64 I ong —9,223,372,036,854,775,808 9,223,372,036,854,775,807

8 byte 0 255

16 ushort 0 65,535

32 ui nt 0  4,294,967,295

64 ul ong 0 18,446,744,073,709,551,615

32 f1 oat 15x10%  34x10%® 7

64 double |50x10%  1.7x10* 15

128 decimal | 10x10%® 7.9x10® 28
C# (type declaration) C#

(class type) (struct type) (interface
type) (enum type) (delegate type)
obj ect
C#
int[] i nt
int[,] i nt int[][] i nt
null null
null T? nul | int? nul |

O Microsoft Corporation 1999-2008



C#

Ct Ct
obj ect obj ect “ K
obj ect (boxing)
(unboxing) i nt obj ect i nt
usi ng System
cl ass Test
static void Main() {
int i 123;
object o =1i; /1 Boxing
int j = (int)o; /1 Unboxi ng
}
obj ect “ ”
obj ect
C# 113 ”
C# (variable)
null
null null
1.4
(expression) (operand) (operator)
+ - x| new (literal)
6 O Microsoft Corporation 1999-2008
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(precedence)
X +y * z X + (y * 2) * +

(overload)

C#

x(...)

x[...]

X++

X__

new T(...)

new T(...){...}

new {...}

new T[...]

typeof (T) T System Type
checked(x) checked
unchecked(x) unchecked

defaul t(T) T

del egate {...}

+X

++X

(T)x X T

X *y

x 1y

X %y
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C#

X <<y

X >>y

xis T N T true
fal se

nul |

AND X &y AND AND

XOR x "y XOR XOR

OR X |y OR OR

AND x &y X true y

OR x ||y X fal se y

X 2?2y X nul | y X

X2y z X true y X
fal se z

Y%= += -= <<= >>= &=

(Tx) =>y lambda

1.5
(statement) C#

(block) {

(declaration statement)
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(expression statement) new
= ++ --
(selection statement)
if switch
(iteration statement) while do for f or each
(jump statement) break continue goto throw return
yield
try..catch try.finally
checked unchecked
| ock
usi ng
C#
static void Main() {
int a;
int b =2 c¢=3;
a =1,
Console.WiteLine(a + b + ¢);
}
static void Main() {
const float pi = 3.1415927f;
const int r = 25;
Console. WiteLine(pi * r * r);
static void Main() {
int i;
i = 123; /1 Expression statenent
Consol e. WitelLine(i); /] Expression statenent
i ++; /] Expression statenent
Consol e. WitelLine(i); /1 Expression statenent
}
i f static void Main(string[] args) {
if (args.Length ==
Consol e. Wi teLi ne("No argunents");
el se {
Consol e. WiteLi ne("One or nore argunents");
}
}
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C#

sw tch

static void Main(string[] args) {
int n = args. Length;
switch (n) {
case O:
Consol e. WiteLine("No argunments");
br eak;
case 1:
Consol e. WitelLine("One argument");
br eak;
defaul t:
Consol e. Wi telLine("{0} argunments", n);
br eak;

}
}
}

whil e

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

do

static void Main() {
string s;
do {
s = Consol e. ReadLi ne();
if (s !=null) Console.WitelLine(s);
} while (s !'= null);

for

static void Main(string[] args) {
for (int i =0; i < args.Length; i++) {
Consol e. WiteLine(args[i]);
}

}

f or each

static void Main(string[] args)
foreach (string s in args) {
Consol e. Wi telLine(s);
}

{

}

br eak

static void Main() {
while (true) {
string s = Consol e. ReadLi ne();
if (s == null) break;
} Consol e. Wi telLine(s);
}

conti nue

static void Main(string[] args) {
for (int i =0; i < args.Length; i++)
if (args[i].StartsWth("/")) continue
Consol e. WiteLine(args[i]);

10
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got o

static void Main(string[] args) {

int i =0;
goto check;
| oop:
Consol e. Wi telLine(args[i++]);
check:
if (i < args.Length) goto |oop

}

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

return a + b;

}

static void Main() {
Consol e. WiteLine(Add(1, 2));
return;

}

yield static |Enunerabl e<int> Range(int from int to) {
for (int i =from i <to; i++) {
yield return i;

}
yi el d break

}

static void Main() {
foreach (int x in Range(-10,10)) {
Consol e. Wi telLine(x);
}

}

t hr ow try

static doubl e Divi de(doubl e x, double y) {
if (y == 0) throw new Di vi deByZer oException();
return x / vy;

static void Main(string[] args) {
try {
if (args.Length = 2)
t hrow new Exception("Two nunbers required")

doubl e x doubl e. Parse(args[0]);
double y doubl e. Parse(args[1]);
Consol e. WiteLi ne(Divide(x, Yy));

}
catch (Exception e) {
Consol e. WiteLi ne(e. Message) ;

}
finally {
Consol e. WiteLi ne(“CGood bye!”);
}
}
static void Main() {
checked int i = int.MxVal ue;
unchecked checked {
Consol e. WiteLine(i + 1); /1l Exception
}
unchecked {
Consol e. WiteLine(i + 1); /1 Overfl ow
}
}
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C#

| ock cl ass Account
deci mal bal ance;
public void Wthdraw(deci mal anount) {
[ ock (this)
i f (amount > bal ance) {
t hrow new Exception("lnsufficient funds");
bal ance -= anount;
}
}
usi ng static void Min()
using (TextWiter w= File.CreateText("test.txt")) {
w. WitelLine("Line one");
w. WitelLine("Line tw");
w. WitelLine("Line three");
}
}
1.6
(class) C#
(instance) (object)
(inheritance) (polymorphism) (derived class)
(base class)
{ 1}
Poi nt
public class Point
public int x, vy;
public Point(int x, int y) {
this.x = x;
this.y =vy;
}
}
new
Poi nt
Poi nt pl = new Point(0, 0);
Poi nt p2 = new Poi nt (10, 20);
C#
1.6.1
(static member) (instance member)
12 O Microsoft Corporation 1999-2008




1.6.2

public

prot ect ed

i nt er nal

protected interna

private

1.6.3

public class Pair<TFirst, TSecond>

public TFirst First;

public TSecond Second;
}

O Microsoft Corporation 1999-2008

Pai r

TFi r st

TSecond

13



C#

Pair<int,string> pair = new Pair<int,string>{ First = 1, Second = “tw” };
int i = pair.First; [/ TFirst is int
string s = pair.Second; // TSecond is string

Pair<int,string>

164

obj ect Poi nt 3D Poi nt Poi nt
obj ect

public class Point

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

public class Point3D Point

public int z;

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

Poi nt 3D Poi nt X y Poi nt 3D Xy z

Poi nt Poi nt
Poi nt 3D

Poi nt a

new Poi nt (10, 20);
Point b

new Poi nt 3D( 10, 20, 30);

1.6.5

static (static field)
static (instance field)

Col or r g b Black Wite
Red Green Bl ue

14 O Microsoft Corporation 1999-2008



public class Col or

{
public static readonly Col or Black = new Col 0, 0, 0);

or ( ;
public static readonly Col or Wiite = new Col or (255, 255, 255);
public static readonly Color Red = new Col or (255, 0, 0);
public static readonly Col or Green = new Col or (0, 255, 0);
public static readonly Color Blue = new Color(0, 0, 255);

private byte r, g, b;

public Color(byte r, byte g, byte b) {
o=

g;

b.

— —+ —+
> 353
nonon

-9
.b

readonly (read-only field) readonl y

1.6.6

(method) (static method)
(instance method)

(parameter)
(return type)
voi d

(signature)

1.6.6.1
(argument)

(value parameter)

(reference parameter)
r ef
r ef
usi ng System
cl ass Test

static void Swap(ref int x, ref int y) {
int temp = x;

X yi
y = tenp;
}

O Microsoft Corporation 1999-2008 15



C#

static void Min() {
int i =1, ) =2
Swap(ref i, ref j);

Consol e. WiteLine("{0} {1}"

}
}

(output parameter)

usi ng System

cl ass Test
static void Divide(int x, int
result =x 1/ vy;
remai nder = x %y,
static void Main() {
int res, rem
Di vide(10, 3, out res, out
Consol e. WiteLine("{0} {1}"
}
}
(parameter array)

Syst em Consol e Wite Wi teLine

public cl ass Consol e

y, out

rem;

res,

public static void Wite(string fnt,
public static void WitelLine(string fnt,

Consol e. WiteLine("x={0} y={1} z={2}",

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

object[] args = new object[3];

args[0] = x;

args[1] =vy;

args[2] = z;

Consol e. WiteLine(s, args);
1.6.6.2

16

D E

/[l Qutputs "2 1"
out
int result, out int remainder) {
rem; /[l Qutputs "3 1"

par ams

parans object[] args) {...}

X, Y,

parans object[] args) {...}

z);

(local variable)
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usi ng System
cl ass Squares

static void Main() {
int i = 0;
int j;
while (i < 10) {
Gonsol e. Wit eLi ne("{0} x {0} = {1}", i, j):
i =i + 1;

C# (definitely assigned)
[ [

return voi d return
voi d return

1.6.6.3

static (static method)

static (instance method)
this
this
Entity
class Entity
static int nextSerial No;
int serial No;

public Entity() {
seri al No = next Seri al No++;

public int GetSerial No() {
return serial No;
}

public static int GetNextSerial No() {
return nextSeri al No;
}

public static void SetNextSerial No(int value) {
next Serial No = val ue;

}
Entity Entity

seri al No next Seri al No

Cet Next Seri al No Set Next Seri al No next Seri al No
seri al No

O Microsoft Corporation 1999-2008
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C#

Entity
usi ng System
cl ass Test

static void Main() {
Entity. Set Next Seri al No(1000);

Entity el = new Entity();
Entity e2 = new Entity();
Consol e. WiteLine(el. Get Serial No()); /] Qutputs "1000"
Consol e. WiteLine(e2. Get Serial No()); /] Qutputs "1001"
Consol e. WiteLine(Entity. Get NextSeri al No()); /] Qutputs "1002"
}
}
Set Next Seri al No Get Next Seri al No Get Seri al No
1.6.6.4
vi rtual (virtual method)
virtual (non-virtual method)
(runtime type)
(compile-time type)
(override) override
(abstract) abstract
abstract

Expr essi on
Constant Vari abl eRef erence Oper ati on
4.6

usi ng System
usi ng System Col | ecti ons;

public abstract class Expression

public abstract doubl e Eval uat e(Hasht abl e vars);

public class Constant: Expression

{
doubl e val ue;
publ i ¢ Constant (doubl e val ue) {
this.value = val ue;
}
public override doubl e Eval uat e(Hasht abl e vars) {
return val ue;
}
}

public class Variabl eRef erence: Expression

string nane;
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public Variabl eRef erence(string nane) {
this. nane = naneg;

public override doubl e Eval uat e(Hasht abl e vars) {
obj ect val ue = vars[nane];

if (value == null)
t hrow new Exception("Unknown variable: " + nane);
return Convert. ToDoubl e(val ue);
}
}
public class Operation: Expression
{
Expression |eft;
char op;
Expression right;
public Qperation(Expression left, char op, Expression right) {
this.left = left;
this.op = op;
this.right = right;
}
public override doubl e Eval uat e(Hasht abl e vars) {
double x = | eft. Eval uate(vars);
double y = right.Eval uate(vars);
switch (op) {
case '+': return x + vy;
case '-': return x - vy;
case '*': return x * vy;
case '/': return x / vy;
t hr ow new Exception("Unknown operator");
}
}
X+3
Expression e = new (peration(
new Vari abl eRef erence("x"),
vy
new Constant (3));
Expr essi on Eval uat e doubl e
Hasht abl e
Eval uat e
Const ant Eval uat e Var i abl eRef erence
Operation
Eval uat e
Expr essi on X y X*(y+2)
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C#

usi ng System
usi ng System Col | ecti ons;

cl ass Test

static void Main() {

Expression e = new (peration(
new Vari abl eRef erence("x"),
L
nemfcperation(

new Vari abl eRef erence("y"),
e
new Const ant (2)

)
)
Hasht abl e vars = new Hashtabl e();
vars["x"] = 3;
vars["y"] = 5;
Consol e. WitelLine(e. Eval uate(vars));
vars["x"] = 1.5;
vars["y"] = 9;
Consol e. WitelLine(e. Eval uate(vars));
}
}
1.6.6.5

(overloading)

/[l Qutputs "21"

/] Qutputs "16.5"

(overload resolution)

cl ass Test

static void F()
Consol e. WiteLine("F()");

static void F(object x) {
Consol e. WiteLine("F(object)");

static void F(int x) {
Consol e. WiteLine("F(int)");
}

static void F(double x)
Consol e. WiteLi ne("F(double)");

static void F<T>(T x)
Consol e. WiteLine("F<T>(T)");

static void F(double x, double y)

{
Consol e. WiteLi ne("F(doubl e, double)");

}

static void Main() {
F(); /'l Invokes F()
F(1); /1 Invokes F(int)
F(1.0); /'l I nvokes F(doubl e)
F("abc"); /'l I nvokes F(object)
F((double)1); /1 I nvokes F(doubl e)

20
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F((object)1); /1 1 nvokes F(object)
F<i nt>(1); /1 I nvokes F<T>(T)
F(1, 1); /1 1 nvokes F(double, double)

1.6.7

(function member)

C#

Li st <T>

}

public class List<T>

const int defaultCapacity = 4;

T[] itens;
int count;

public List(): this(defaultCapacity) {}
public List(int capacity) {
items = new T[capacity];

public int Count {
get { return count; }

public int Capacity {

get {
return itemns. Length;

set {
if (value < count) value = count;
if (value '= itens.Length) {

T[] newitems = new T[val ue];
Array. Copy(itens, 0, newltens, O,
items = newtens;

count);

}
}
}
public T this[int index] {
get
return items[index];
set {
itens[index] = val ue;
OnChanged() ;
}

O Microsoft Corporation 1999-2008
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C#

public void Add(T item {

protected virtual void OnChanged() ({
if (Changed != null) Changed(this

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

2;

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

count ++;

OnChanged();

, Event Args. Enpty);

return !Equal s(a, b);

}
static bool Equals(List<T> a, List<T> b) {
if (a==null) return b == null;
if (b ==null || a.count !'= b.count) return false;
for (int i =0; i < a.count; i++) {
if ('object.Equals(a.itens[i], b.itens[i])) {
return fal se
return true;
}
public event EventHandl er Changed;
public static bool operator ==(List<T> a, List<T> b) {
return Equal s(a, b);
public static bool operator !=(List<T> a, List<T> b) {

}
1.6.7.1
C# (instance constructor)
(static constructor)
static
Li st <T>
i nt new Li st<string>
Li st<string>
List<string> listl = new List<string>(),
List<string> list2 = new List<string>(10);
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(read-

1.6.7.2
(propery)
(accessor)
{ } get /

set get set
write property) get (read-only property) set

(write-only property)
get

get
set val ue
++ - - set

Li st <T> Count Capacity

Li st<string> nanmes = new List<string>();

nanmes. Capacity = 100; /1 I nvokes set accessor

int i = names. Count; /1 1 nvokes get accessor

int j = names. Capacity; /1 1 nvokes get accessor

C# static
virtual abstract override

1.6.7.3

(indexer)

this [ ]
Li st i nt i nt

Li st

Li st<string> nanmes = new List<string>();

names. Add("Li z");

names. Add(" Mart ha");

names. Add("Bet h");

for (int i =0; i < nanmes.Count; i++) {

string s = names[i];
names[i] = s. ToUpper();
1.6.74
(event)
event

O Microsoft Corporation 1999-2008
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C#

nul |
Li st <T> Changed Changed
OnChanged nul | “
(event handler) += -=
Li st<string> Changed

usi ng System
cl ass Test

static int changeCount;

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

static void Main() {
Li st<string> nanmes = new List<string>();
names. Changed += new Event Handl er ( Li st Changed) ;
names. Add("Liz");
names. Add( " Mart ha");
names. Add( " Bet h");

Consol e. Wit eLi ne(changeCount); /[l Qutputs "3"
}
}
add renove
set

1.6.7.5

(operator)

public static
Li st <T> oper ator == operator ! = Li st <T>
Li st<T>
Equal s ==

Li st <i nt >

usi ng System
cl ass Test

static void Main() {
List<int> a = new List<int>();
a. Add(1);
a. Add( 2);
List<int> b = new List<int>();
b. Add(1);
b. Add( 2);
Consol e. WiteLine(a == b); /] Qutputs "True"
b. Add( 3);
Consol e. WiteLine(a == b); /1 Qutputs "Fal se"
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Consol e. Wi teLine Tr ue

Li st<T> operator == Consol e. Wi telLine Fal se
b Li st<int>
1.6.7.6
(destructor)
usi ng
1.7
(struct)
obj ect
100 Poi nt
100

cl ass Poi nt

public int x, vy;
public Point(int x, int y) {

this.x = x;
this.y =vy;
}
cl ass Test
static void Main() {
Poi nt[] points = new Poi nt[100];
for (int i =0; i < 100; i++) points[i] = new Point(i, i);
}
}
Poi nt

struct Poi nt

public int x, vy;

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

Poi nt

O Microsoft Corporation 1999-2008
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C#

new
Poi nt
Poi nt a = new Point (10, 10);
Point b = a;
a.x = 20;
Consol e. WiteLine(b.x);
Poi nt 20 a b
a b a. x
r ef
1.8
(array)
(element)
new new
0 Length- 1 new
i nt
usi ng System
cl ass Test
static void Min()
int[] a = new int[10];
for (int i = 0; i < a.Length; i++) {
a[i] =i * i;
for (int i = 0; i < a.Length; i++) {
Consol e.WiteLine("a[{0}] = {1}", i,
}
}
}
(single-dimensional array) C#
array) (rank)
int[] al = new int[10];
int[,] a2 = new int[10, 5];
int[,,] a3 = newint[10, 5, 2];
al 10 a2 50 (10 x 5) a3
26

Poi nt 10

out

(element type)

(length)

nul |

a[i]);

(multi-dimensional
1

100 (10 x 5 x 2)
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(jagged array)

int[][] a =newint[3][];
a[0] = new int[10];
a[l] = new int[5];
a[2] = newint[20];
int[]
new (array initializer)
{ }
int[] a=newint[] {1, 2, 3};
{ }
int[] a={1, 2, 3};
int[] t = newint[3];
t[0] = 1,
t[1] = 2;
t[2] =3
int[] a =1t;
1.9
(interface)
(multiple inheritance) | ConboBox
| Li st Box

interface | Contro

void Paint();

nt erface | Text Box: | Contr ol

voi d SetText (string text);

i nterface |ListBox: |Control

void Setltens(string[] itens);

—_— e A A A =

nterface | ConboBox: | TextBox, |ListBox {}
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int[]

| Text Box
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C#

Edi t Box
i nterface | DataBound

voi d Bi nd(Bi nder b);

public class EditBox: |Control, | DataBound

public void Paint() {...}

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

Edi t Box editBox = new EditBox();
| Control control = editBox;
| Dat aBound dat aBound = edi t Box;

| Cont r ol | Dat aBound
Edi t Box

obj ect obj = new EditBox();

| Control control = (IControl)obj;

| Dat aBound dat aBound = (| Dat aBound) obj ;

Edi t Box | Cont rol Pai nt
public C#
implementation) public
Edi t Box

| Dat aBound. Bi nd
public class EditBox: |Control, | DataBound

void I Control.Paint() {...}
voi d | Dat aBound. Bi nd(Bi nder b) {...}

| Contr ol | Dat aBound

| Dat aBound Bi nd
(explicit interface member

| Control . Paint

}
Edi t Box | Control . Pai nt
Edi t Box | Control
Edi t Box editBox = new EditBox();
edi t Box. Pai nt () ; /1 Error, no such nethod
| Control control = editBox;
control . Paint(); I Ok

1.10

(enum type)
Red Green Bl ue

Col or
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usi ng System
enum Col or

Red,
G een,
Bl ue
}
cl ass Test
static void PrintColor(Color color) {
switch (color) {
case Col or. Red:
Consol e. WitelLine("Red");
br eak;
case Col or. G een:
Consol e. WiteLi ne("Geen");
br eak;
case Col or. Bl ue:
Consol e. WiteLine("Blue");
br eak;
defaul t:
Consol e. Wit eLi ne(" Unknown col
br eak;
}
}
static void Main() {
Col or ¢ = Col or. Red,;
Print Col or(c);
Pri nt Col or (Col or. Bl ue) ;
}
i nt
shyte Al'i gnnent
enum Al i gnnment : sbyte
Left = -1,
Center = 0,
Right =1
}
int i = (int)Color.Blue; [l int i =2
Color ¢ = (Color)2; /1 Color ¢ =
Color ¢ = 0;

O Microsoft Corporation 1999-2008

or");

(underlying type)

" Col or . Bl ue;
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1.11
(delegate type)

Functi on
usi ng System
del egat e doubl e Functi on(doubl e x);
class Multiplier

doubl e factor;

public Multiplier(double factor) {
this.factor = factor;
}

public double Miltiply(double x) {
return x * factor;
}

}

cl ass Test

static doubl e Square(double x) {
return x * Xx;
}

static doubl e[] Apply(double[] a, Function f) {
doubl e[] result = new doubl e[ a. Lengt h];
for (int i =0; i < a.Length; i++) result[i]
return result;

static void Main() {
double[] a = {0.0, 0.5, 1.0};

doubl e[] squares = Apply(a, Square);
doubl e[] sines = Apply(a, Math.Sin);

Multiplier m= new Miltiplier(2.0);
doubl e[] doubles = Apply(a, mMltiply);
}
}

= f(ali]);

Functi on doubl e doubl e

Functi on doubl e[ ]
Apply doubl e[ ]

doubl e[ ]

Squar e Mat h. Si n

m Ml tiply

Ml tiplier

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

Apply
Mai n
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1.12
C#
public protected internal private C#
(attribute)
Hel pAttri bute
usi ng System
public class Hel pAttribute: Attribute
string url;
string topic;
public Hel pAttribute(string url) {
this.url = url;
public string Ul {
get { return url; }
public string Topic {
get { return topic; }
set { topic = value; }
}
.NET Framework System Attribute
Attribute
Hel pAttribute
[Hel p("http://msdn. m crosoft.conl.../MCl ass. htni')]
public class W dget
[Hel p("http://msdn. mcrosoft.conl.../MC ass. htn, Topic = "Display")]
public void Display(string text) {}
}
Hel pAttribute W dget Hel pAttribute
Di spl ay
(attribute) (property) Topi ¢
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32

usi ng System
usi ng System Refl ection;

cl ass Test

static voi d ShowHel p( Mermber | nfo nenber)
Hel pAttribute a = Attribute. Get QustomAtt ri but e( nenber,
typeof (Hel pAttribute)) as Hel pAttribute;
if (a==null) {
Consol e. WiteLine("No help for {0}", nenber);

el se {
Consol e. WiteLine("Help for {0}:", menber);
Consol e. WiteLine(" Ul={0}, Topic={1}", a.Ul, a.Topic);
}
}

static void Min() {
ShowHel p(t ypeof (W dget));
ShowHel p(t ypeof (W dget ). Get Met hod( " Di spl ay"));

(property) (property) (attribute)
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2.1
C# (program) (source file)
(compilation unit) 9.1 Unicode
UTF-8
1. Unicode
2. Unicode
3.
2.2
(grammar) C# (syntax) (lexical grammar)
22.2 Unicode
(syntactic grammatr) 2.2.3 C#
221
(grammar production)
non-terminal
t erm nal
while-statement:
while ( boolean-expression )  embedded-statement
while-statement whil e “or boolean-
expression “) embedded-statement
statement-list:
statement
statement-list  statement
statement-list statement statement-list
statement
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block:
{ statement-listey  }

block:
{ 1}

{ statement-list }

block R R T statement-list

real-type-suffix:
Ff Dd Mm

real-type-suffix:

30 ™T

222

CH 23 24 25 Unicode

24 2.3.3 232
25

C# input 2.3

2.2.3

C#
C#

C# compilation-unit 9.1

2.3
input C# C#
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input:
input-sectionop
input-section:
input-section-part

input-section  input-section-part

input-section-part:

input-elements,,,  new-line

pp-directive

input-elements:
input-element

input-elements  input-element

input-element:

whitespace
comment
token
C#
2.3.2 2.4
C# 2.2.3
C#
C#
/1
2.3.1
C#
new-line:
(U+000D)
(U+000A)
(U+000D)
(U+0085)
(U+2028)
(U+2029)
C#
(U+2028)
2.3.2

O Microsoft Corporation 1999-2008

2.3.1
25
(U+000A)
Control-Z (U+001A)
(U+000D)

(U+2029)

2.3.3

(U+000A)
(U+000D)

(Single-line comment)

(Delimited comment)

*/

/1
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comment:
single-line-comment
delimited-comment

single-line-comment:
/1 input-characters,p

input-characters:
input-character
input-characters  input-character

input-character:
new-line-character Unicode

new-line-character.
(U+000D)
(U+000A)
(U+0085)
(U+2028)
(U+2029)

delimited-comment:
/*  delimited-comment-text,,  asterisks /

delimited-comment-text:
delimited-comment-section
delimited-comment-text  delimited-comment-section

delimited-comment-section:
/
asterisksy,y  not-slash-or-asterisk

asterisks:
asterisks  *
not-slash-or-asterisk:
/ * Unicode
/* */ /1 /1 /*

/* Hello, world program
This programwites “hello, world” to the consol e
*/

class Hello

static void Min()
System Consol e. WiteLine("hello, world");
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/ Hello, world program

/ This programwites “hello, world” to the console
/

I

ass Hello // any name will do for this class

static void Main() { // this nethod nust be naned "Main"
System Consol e. Wi teLine("hello, world");

2.3.3
Unicode Zs

whitespace:
Unicode Zs
(U+0009)
(U+000B)
(U+000C)

2.4

token:
identifier
keyword
integer-literal
real-literal
character-literal
string-literal
operator-or-punctuator

2.4.1 Unicode

Unicode Unicode Unicode 24.2
2444 2445 Unicode

unicode-escape-sequence:
\u hex-digit hex-digit hex-digit hex-digit
\U hex-digit hex-digit hex-digit hex-digit hex-digit hex-digit hex-digit hex-digit

Unicode “A\u” A\ Unicode C#
Unicode 16 U+10000 U+10FFFF Unicode
Unicode
Ox10FFFF Unicode
“ \u005Cu005C” “ \u005C’ LT Unicode
\ u005C T
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242

38

class O assl

static void Test(bool \u0066) {
char ¢ = '"\u0066';
if (\u0066)
} Syst em Consol e. WiteLine(c. ToString());
}

\ u0066 “of
class Cd assl

static void Test(bool f) {

char ¢ = '"f';
if (f)
} Syst em Consol e. WiteLine(c. ToString());
}
Unicode 15
C Unicode
identifier:

available-identifier
@ identifier-or-keyword

available-identifier:
keyword identifier-or-keyword

identifier-or-keyword:
identifier-start-character  identifier-part-characters,y

identifier-start-character:
letter-character
W005F

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

identifier-part-character:
letter-character
decimal-digit-character
connecting-character
combining-character
formatting-character

letter-character:
Lu LI Lt Lm Lo NI Unicode
Lu LI Lt Lm Lo NI

combining-character.
Mn Mc Unicode
Mn Mc unicode-escape-sequence

unicode-escape-sequence
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decimal-digit-character:

Nd Unicode
Nd

connecting-character:
Pc Unicode

Pc unicode-escape-sequence
formatting-character:
Cf Unicode
Cf unicode-escape-sequence
Unicode Unicode
“identifierl” “ _identifier2”
“ Unicode
13 CH
113 @
(verbatim identifier) @
cl ass @l ass
public static void @tatic(bool @ool) {
if (@ool)
System Consol e. WiteLine("true");
el se
System Consol e. WiteLine("fal se");
}
}
class O assl
static void M) {
cl\u0061ss. st\u0061tic(true);
}
}
113 Cl aSS ” 13
“ bool " Unicode
“ @I aSSu
113 @

unicode-escape-sequence

unicode-escape-sequence

Unicode

formatting-characters

(U+005F)
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3.0

“ @f”
c

static”

45

“ Unicode

15”
C
@
@
cl \u0061ss”
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2.4.3
(keyword)
keyword:
abstract as base
byt e case catch
cl ass const continue
del egat e do doubl e
event explicit extern
fixed fl oat for
if inplicit in
i nt er nal is | ock
new nul | obj ect
override par ams private
readonl y r ef return
short si zeof stackal | oc
struct switch this
try t ypeof ui nt
unsaf e ushort usi ng
vol atil e whi | e
“ set” 10.7.2
2.4.4
(literal)
literal:
boolean-literal
integer-literal
real-literal
character-literal
string-literal
null-literal
24.4.1
true fal se
boolean-literal:
true
fal se
boolean-literal bool

40

bool
char
deci mal
el se

fal se
foreach
i nt

| ong
oper at or
prot ect ed
shyt e
static

t hr ow

ul ong

vi rtual

O Microsoft Corporation 1999-2008

@

br eak
checked
def aul t
enum
finally
goto
interface
nanmespace
out
public
seal ed
string
true
unchecked
voi d

get

set



2442

int uint long ul ong

integer-literal:
decimal-integer-literal
hexadecimal-integer-literal

decimal-integer-literal:
decimal-digits  integer-type-suffiXoy

decimal-digits:

decimal-digit

decimal-digits  decimal-digit
decimal-digit:

01 2 3 456 7 8 9
integer-type-suffix:

UulL I U U uL ul LU Lu IU lu
hexadecimal-integer-literal:

Ox  hex-digits  integer-type-suffiXqp

0X  hex-digits  integer-type-suffiXqp
hex-digits:

hex-digit

hex-digits  hex-digit
hex-digit:

012 3 456 7 89 ABCDETFaboecdef

| ong ul ong
U u
ul ong
L
ul ong
U U wuL ul LU Lu lU
ul ong
| ong
1 ” 1 l”
i nt | ong
2147483648 (2*) integer-type-suffix
7.6.2

decimal-integer-literal
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i nt

decimal-integer-literal
-2147483648 (-2*)  int
ui nt

ui nt

ui nt

| ong

41



C#

9223372036854775808 (2%) decimal-integer-literal integer-type-suffix
integer-type-suffix L I 76.2
-9223372036854775808 (-2%%) 1 ong
decimal-integer-literal ul ong
2443
float double deci nal
real-literal:

decimal-digits . decimal-digits ~ exponent-party;  real-type-suffiXop
decimal-digits  exponent-parto,:  real-type-suffiXop
decimal-digits  exponent-part  real-type-suffixgp
decimal-digits  real-type-suffix
exponent-part:
e signe  decimal-digits
E signex decimal-digits
sign:
+ -

real-type-suffix:
Ff Dd Mm

real-type-suffix doubl e

F f fl oat 1f 1.5f 1elof 123. 456F
fl oat

D d doubl e 1d 1.5d 1lelo0d 123. 456D
doubl e

M m deci mal Im 1.5m 1elOm 123. 456M
deci mal deci mal

0 2.900m
0 2900 3
IEEE" " fl oat doubl e
1. 3F 1. F
2.4.4.4
g

character-literal:
character
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character:
single-character
simple-escape-sequence
hexadecimal-escape-sequence
unicode-escape-sequence

single-character:
" (U+0027) \ (U+005C)

simple-escape-sequence:
\" V" O\ N0 \a \b \f
hexadecimal-escape-sequence:
\x  hex-digit  hex-digitoy

character \)
t u U x %

new-line-character

\n \r \t

\v

hex-digitey  hex-digitep

Unicode “Ax”
U+FFFF
Unicode 24.1 U+0000
Unicode
Unicode
\! 0x0027
\ " 0x0022
\\ 0x005C
\0 Null 0x0000
\a 0x0007
\b BackspaceBackspace | 0x0008
\ f 0x000C
\n 0x000A
\r 0x000D
\'t 0x0009
\'v 0x000B
character-literal char
2.4.45
Ct (regular string literal)
“hel | 0"

\'t
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Unicode

U+FFFF

\' 0 a b f nr

(verbatim string literal)
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@
@hel | 0" quote-escape-sequence

Unicode

string-literal:
regular-string-literal
verbatim-string-literal

regular-string-literal:
" regular-string-literal-charactersyy;, "

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

regular-string-literal-character:
single-regular-string-literal-character
simple-escape-sequence
hexadecimal-escape-sequence
unicode-escape-sequence

single-regular-string-literal-character:
" (U+0022) \ (U+0050Q) new-line-character

verbatim-string-literal:
@  verbatim -string-literal-charactersy,, "

verbatim-string-literal-characters:
verbatim-string-literal-character
verbatim-string-literal-characters  verbatim-string-literal-character

verbatim-string-literal-character:
single-verbatim-string-literal-character
quote-escape-sequence

single-verbatim-string-literal-character:

guote-escape-sequence:

regular-string-literal-character \) o
0O ab f nr t uU x %

string a = "hello, world"; /1 hello, world

string b = @hello, world"; /! hello, world
string ¢ = "hello \'t world"; // hello world
string d = @hello \t world"; /!l hello \t world

string e = "Joe said \"Hello\" to ne"; [/ Joe said "Hello" to ne
string f = @Joe said ""Hello"" to ne"; // Joe said "Hello" to ne
string g = "\\\\server\\share\\file.txt"; // \\server\share\file.txt
string h = @\\server\share\file.txt"; /1 \\server\share\file.txt
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string i = "one\r\ntwo\r\nthree";
string j = @one
t wo
three";
j
123 12
"\ x00123" "\ x12" +"3"
string-literal string
cl ass Test

static void Main() {
object a = "hello";
object b = "hello";
System Consol e. WitelLine(a == b);

}
True

2.4.4.6 null

null-literal:

nul |

null-literal null
2.45
a+b + a b

operator-or-punctuator:

{ } [ ] ( )

+ - * / % &
= < > ? ?? s ++
-> == | = <= >= += -=
= = A= << <<= =>
right-shift:
>|>

right-shift-assignment:
>|>=

right-shift right-shift-assignment

2.5
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"\ x123"

79.7

p

%

*
1
~
1

type-parameter-lists

10.1.3

45



C#

46

pp-directive:
pp-declaration
pp-conditional
pp-line
pp-diagnostic
pp-region
Pp-pragma

#def i ne

#ift #elif

#1i ne
#error
#regi on

#pr agma

#

#undef

C C++ C#

253

#el se #endi f 254

#war ni ng

#endr egi on

#defi ne #undef #if

#define A
#undef B

class C

{
#if A

void F() {}

#el se

void () {}

#endi f
#if B

void H() {}

#el se

void 1() {}

#endi f

}

class C

voi d
voi d

— T
—~
~——
-
e

25.7
255
256
2538

#elif #else #Hendif #1 i ne
[* *]

C#
C#
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251
#if #elif #else #endi f 252
conditional-symbol:
true fal se identifier-or-keyword
(defined) (undefined)
#define
#undef
#def i ne #undef
true
fal se
fal se
C# #def i ne #undef
252
#if #el i f I == 1= && ||
pp-expression:
whitespace,:  pp-or-expression  whitespace
pp-or-expression:
pp-and-expression
pp-or-expression  whitespace,: ||  Whitespaces:  pp-and-expression
pp-and-expression:
pp-equality-expression
pp-and-expression  whitespace,,y &%  whitespace,;  pp-equality-expression
pp-equality-expression:
pp-unary-expression
pp-equality-expression  whitespace,y ==  whitespacey,  pp-unary-expression
pp-equality-expression  whitespace,: ! =  Whitespaceq:  pp-unary-expression
pp-unary-expression:
pp-primary-expression
I whitespaceq, — pp-unary-expression
pp-primary-expression:
true
fal se
conditional-symbol
( whitespaces,:  pp-expression  whitespaceq: )
true
fal se
7.18
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253

pp-declaration:
whitespace,: #  whitespace,,; define whitespace conditional-symbol  pp-new-line
whitespace,:y #  whitespace,,y undef  whitespace  conditional-symbol  pp-new-line

pp-new-line:
whitespacey,:  single-line-comment,,;,  new-line
#def i ne
#undef

#def i ne #undef token 24
#define #undef u "

#define Enterprise

#if Professional || Enterprise
#defi ne Advanced
#endi f

nanespace Megacorp. Data

#i f Advanced
class PivotTable {...}
#endi f

#defi ne nanmespace

#def i ne

#define A
nanespace N

{
#define B

#if B
class Oassl {}
#endi f

}
#def i ne #undef

#define A
#define A

#undef “ "
A #undef

#define A
#undef A
#undef A
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254
pp-conditional:
pp-if-section pp-elif-sectionsy,,:  pp-else-sectiony,  pp-endif
pp-if-section:
whitespace,r #  whitespaces,e i f  whitespace  pp-expression  pp-new-line
conditional-sectiony
pp-elif-sections:
pp-elif-section
pp-elif-sections  pp-elif-section
pp-elif-section:
whitespace,,:  #  whitespace,y elif  whitespace  pp-expression  pp-new-line
conditional-sectiongp
pp-else-section:
whitespace,: #  whitespace,,y el se  pp-new-line  conditional-sectiongy
pp-endif:
whitespace,: #  whitespacey,: endi f  pp-new-line
conditional-section:
input-section
skipped-section
skipped-section:
skipped-section-part
skipped-section  skipped-section-part
skipped-section-part:
skipped-charactersyy ~ new-line
pp-directive
skipped-characters:
whitespacey,:  not-number-sign  input-charactersoy
not-number-sign:
# input-character
#if
#el if #el se #endi f
pp-conditional conditional-sections
#if #el i f pp-expressions true
true conditional-section
pp-expressions fal se #el se #el se

conditional-section

conditional-section
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sections

50

conditional-section input-section
conditional-sections skipped-sections
skipped-section conditional-section
#if. . #endif #regi on...#endr egi on
#def i ne Debug [/ Debuggi ng on
#undef Trace /1 Tracing off

cl ass PurchaseTransacti on

void Commit() {
#i f Debug
CheckConsi st ency();
#if Trace
WiteToLog(this. ToString());
#endi f
#endi f
} Conmi t Hel per () ;
}

#el se

#defi ne Debug /1 Debuggi ng on
cl ass PurchaseTransacti on

void Commit() {
#i f Debug
CheckConsi st ency();
#el se
/* Do sonething el se
#endi f

class Hello

static void Main() {

System Consol e. Wi teLi ne(@ hel | o,
#i f Debug

wor | d
#el se

Nebr aska
#endi f

")

}
}

conditional-
skipped-sections
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hel | o,
#i f Debug

wor | d
#el se

Nebr aska
#endi f

pp-expression

#if X

/*
#el se

[* *] class Q{ }
#endi f

(class Q{ }) X X

#if #endi f X #if #Helse #endif

255
pp-diagnostic:
whitespace,,:r #  whitespaceq,:  error pp-message
whitespace,:  #  whitespacey,,y warning  pp-message
pp-message:
new-line
whitespace  input-characters,; — new-line
#war ni ng Code revi ew needed before check-in
#i f Debug && Retail
#error A build can't be both debug and retail
#endi f
class Test {...}
“ Code review needed before check-in”
Ret ai | “ Abuild can't be both debug and retail”
“can't”
2.5.6

pp-region:
pp-start-region  conditional-sectiony,:  pp-end-region

pp-start-region:

whitespace,,y #  whitespacey,y regi on  pp-message
pp-end-region:

whitespace,: #  whitespace,; endregi on  pp-message

#endr egi on
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pp-message

#regi on
#regi on
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#endr egi on

257

#1i ne

#1i ne
#1i ne

pp-messages

#regi on

#éhdregion

#if true

#endi f

C#

pp-line:

whitespace,,:  #  whitespacey,: i ne

line-indicator:
decimal-digits
decimal-digits
defaul t
hi dden

whitespace  file-name

file-name:
" file-name-characters "

file-name-characters:
file-name-character

file-name-characters  file-name-character

file-name-character:
" input-character

#1 i ne

def aul t line-indicator

def aul t #line

#1 i ne

hi dden

hi dden #1 i ne

file-name

2.5.8 Pragma

#pr agma

52

whitespace line-indicator  pp-new-line

#1 i ne

#| i ne hi dden

file-name

#pragma
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pp-pragma:
whitespace,r #  whitespace,,x pragma  whitespace  pragma-body  pp-new-line
pragma-body:
pragma-warning-body
C# #pr agma #pragma
C# Microsoft C# #pragma

2.5.8.1 Pragma warning
#pr agma war ni ng
pragma-warning-body:

war ni ng  whitespace  warning-action
war ni ng  whitespace  warning-action  whitespace  warning-list

warning-action:
di sabl e
restore

warning-list:
decimal-digits

warning-list ~ whitespaceyy, whitespace,,:  decimal-digits

#pragna war ni ng #pragnma war ni ng

#pr agma war ni ng di sabl e

#pragma war ni ng restore
#pragma war ni ng restore

#pragma war ni ng Microsoft C#

usi ng System
cl ass Program

[ osol et e]
static void Foo() {}

static void Main() {
#pragma war ni ng di sable 612
Foo();
#pragma warni ng restore 612

}
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3.1

(entry point) (application)
(application domain)

(application startup)
Mai n
static void Main() {...}
static void Main(string[] args) {...}
static int Main() {...}
static int Main(string[] args) {...}
i nt 3.2
string[]
string[]
string[] null
C#
Mai n Mai n
Mai n
string[]
Mai n
Mai n
Mai n
C# 35.1
10.3.5
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3.2
(application termination)

(entry point) i nt
(termination status code)

voi d ()
return 0

GC. Suppr essFi nal i ze

3.3
C# C# 9
9.6 10
10.14 13 14 15
104
105 10.6 10.7 10.8
10.9 10.10 10.11
10.12 10.13 10.3.8
(declaration space)
namespace-member-declarations namespace-
declaration (global declaration space)
namespace-member-declarations namespace-declarations

class-member-
declarations struct-member-declarations interface-member-declarations type-parameters

3.6
(hide)

fixed-parameters parameter-arrays
type-parameters

enum-member-declarations

local
variable declaration space fixed-parameters parameter-arrays
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type-parameters

block switch-block for foreach using
local-variable-declarations

block switch-block
goto-statements

3.7

constant-expression 14.3

nanespace Megacorp. Data

cl ass Cust oner

}
}

nanespace Megacorp. Data

class Order

{

}
}

Megacor p. Dat a. Cust oner Megacor p. Dat a. Or der
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local-constant-declarations

labeled-statements
(label declaration space)
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C#

class A
void F() {
int i =0;
if (true) {
int i =1;
}
}
void ) {
if (true) {
int i =0;
b
int i =1,
}
void H() {
if (true) {
int i =0;
%f (true) {
int i =1;
}
}
void () {
for (int i =0; i < 10; i++)
HO) : .
for (int i =0; i < 10; i++)
H() ;
}
}
3.4
(member)
(inherit)
35.1 3.7.1.2
3.4.1
(global namespace)
3.4.2
Syst em Val ueType
obj ect
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shyte System SByt e

byt e System Byte

short System I nt16

ushort System Ul nt 16

i nt System I nt 32

ui nt System Ul nt 32

| ong System | nt 64

ul ong System Ul nt 64

char Syst em Char

fl oat System Singl e

doubl e Syst em Doubl e

deci nal Syst em Deci nal

bool Syst em Bool ean
3.4.3

Syst em Enum
Syst em Val ueType obj ect

3.44
obj ect
obj ect string
obj ect Syst em Obj ect
string System String
3.4.5
obj ect
13.2 obj ect
7.3
3.4.6
System Arr ay
3.4.7

Syst em Del egat e
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C#

3.5
351
(accessible)
(inaccessible) 3.5.2
3.5.1
(declared accessibility)

public public public “
protected pr ot ect ed pr ot ect ed “
internal i nt ernal i nternal !
protected internal pr ot ect ed
i nt ernal protected internal “
private private private “

public

public i nternal
i nt ernal
private
public i nt er nal
public internal private private
pr ot ect ed prot ectedinternal
public internal private
public i nternal
public
public
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3.5.2

(accessibility domain)
(top-
level) (nested)
(program text)
class-body struct-body interface-body enum-body

13 {H 13 }H
object int double
P T 443
T public T P P
T i nt ernal T P
T<Al, .., AN> T Al, ..., AN
P T M M
M public M T
M prot ectedi nternal D P T
P M T D
M prot ect ed D T T
M T D
M i nt ernal M T P
M private M T
M
M
M public
protectedinternal M M
353
M pr ot ect ed M M
353
M i nt er nal M
M private M
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C#

public class A
public static int X

internal static int V;
private static int Z

internal class B

{
public static int X
internal static int Y;
private static 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
}
}
A A X
AY B BX BY BC BCX
AZ A
B.Z B.D B
B.C.Z B.C
B.D. X B.D.Y B
B.D.Z B.D
A X
3.4

62

B.CY

B.C

B.C
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class A
int x;
static void F(B b) {
b.x = 1; /Il Ck
}
}

class B: A

static void F(B b) {
b.x = 1; /!l Error, X not accessible

B A X A class-body

3.53

pr ot ect ed
prot ectedi nternal

B M D B
M
M type-name primary-expression
E. M primary-expression E T T T
D
base. M primary-expression
constructor-initializer 10.11.1

public class A

protected int x;

static void F(A a, Bb) {
a.x = 1; /1 Ck
b.x = 1; /1 Ok
}
}
public class B: A
static void F(A a, Bb) {
a.x = 1; /1 Error, nust access through instance of B
b.x = 1; IO
}
}
A A B X A
B A B A X
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D class-body
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C#

cl ass C<T>

protected T Xx;

class D<T>: C<T>

static void F() {
D<T> dt = new D<T>();
D<int> di = new D<int>();
tr

D<string> ds = new D<string>();
dt.x = default(T);
di.x = 123;
ds.x = "test";
}
}
X
3.5.4
C# (at least as accessible
as) T M T M
T M T M
class A{...}
public class B: A {...}
B A B
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class A{...}
public class B

AF) {...}
internal AQ) {...}

public AH) {...}

}
B H
3.6
par ans
par ans
out r ef
out
r ef
r ef out
r ef out

O Microsoft Corporation 1999-2008

(signature)

(overloading)

(CLI)

par ams

CLI

out

C#

r ef
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C#

F(r

F(i

3.7

3.3

66

interface | Test

void F(); 11 F()
void F(int x); /1 F(int)
void F(ref int x); /1 F(ref int)
void F(out int Xx); /1 F(out int) error
void F(int x, int y); /1 F(int, int)
int F(string s); /1 F(string)
int F(int x); /1 F(int) error
void F(string[] a); /1 F(string[])
} void F(parans string[] a); /1 F(string[]) error
r ef out 10.6.1 F(int)
ef int) F(ref int) F(out int)
ref out par ans
par ans
nt) F(parans string[])
(scope)
(nested)
(hidden)
namespace-member-declaration 9.5

namespace-declaration

namespace-declaration namespace-member-declaration
N
N N namespace-declaration namespace-body

extern-alias-directive
using-directives global-attributes namespace-member-declarations extern-alias-directive
extern-alias-directive

using-directive 94 using-directive compilation-
unit namespace-body namespace-member-declarations using-directive
compilation-unit namespace-body
using-directive
compilation-unit namespace-body

class-declaration 10.1 type-parameter-list class-
declaration class-base type-parameter-constraints-clauses class-body

struct-declaration 111 type-parameter-list struct-
declaration struct-interfaces type-parameter-constraints-clauses struct-body
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interface-declaration 13.1 type-parameter-list interface-
declaration interface-base type-parameter-constraints-clauses interface-body

delegate-declaration 15.1 type-parameter-list delegate-
declaration return-type formal-parameter-list type-parameter-constraints-clauses

class-member-declaration 10.1.6 class-body

35.2 class-body

struct-member-declaration 11.2 struct-body

enum-member-declaration 14.3 enum-body

method-declaration 10.6 method-declaration method-body

indexer-declaration 10.9 indexer-declaration accessor-
declarations

operator-declaration 10.10 operator-declaration block

constructor-declaration 10.11 constructor-declaration
constructor-initializer block

lambda-expression lambda-expression lambda-expression-body

anonymous-method-expression anonymous-method-expression block

labeled-statement 8.4 block

local-variable-declaration 8.5.1

switch 8.7.2 switch-block switch-block

for 8.8.3 for-initializer for for-
initializer for-condition for-iterator statement

local-constant-declaration 85.2

constant-declarator

foreach-statement using-statement lock-statement query-expression

class A
void F() {
i =1
}
int i = 0;
}
F i

local-variable-declarator
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C#

class A

<
e
o
T
~
~
III“\H

j
local-variable-declarator
variable-declarator

usi ng System

class A {}
cl ass Test
static void Main()
string A= "hello, world";
string s = A
Type t = typeof (A);

Consol e. Wi teLi ne(s);
Consol e. WiteLine(t);

}
}
A
3.7.1
(hidden)
3.7.1.1
68

/1 Error, use precedes declaration
/1 Vvalid
/] Valid

local-variable-declarator j

local-variable-declaration local-

/| expression context
[/ type context
// wites "hello, world"
/[l wites "A"
A A
(visible)
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class A

r
int i = 0;
void F() {
int i =1,
}
void ) {
=1
}
}
F i i G i

class Quter

static void F(int i) {}
static void F(string s) {}
cl ass | nner

void ) {
F(1); /1 1 nvokes Quter.lnner.F
F("Hello"); /Il Error

static void F(long |) {}

}
}
F F(1) | nner
F("Hell o")
3.7.1.2
10.10

cl ass Base

public void F() {}

cl ass Derived: Base

public void F() {} /1 Warning, hiding an inherited nane
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C#

Deri ved F
Base F

new
cl ass Base

public void F() {}

cl ass Derived: Base

new public void F() {}

new Deri ved F

cl ass Base

public static void F() {}

cl ass Derived: Base

new private static void F() {} /! Hi des Base.F in Derived only

cl ass MoreDerived: Derived

static void ) { F(); } /1 Invokes Base.F
}
Deri ved F Base F Derived
Mor eDer i ved Mor eDeri ved. G F()
Base. F
3.8
C# namespace-name type-name
namespace-name:
namespace-or-type-name
type-name:
namespace-or-type-name
namespace-or-type-name:
identifier  type-argument-listoy
namespace-or-type-name . identifier ~ type-argument-listo,
qualified-alias-member
namespace-name namespace-or-type-name
namespace-name namespace-or-type-name
namespace-name 441
type-name namespace-or-type-name type-name

namespace-or-type-name
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namespace-or-type-name
namespace-or-type-name

qualified-alias-member 9.7

| <A1, ey AK>
N. |
N I<A, ..., A&
I N namespace-or-type-name <A;, .., A¢ type-argument-list
type-argument-list K
namespace-or-type-name
namespace-or-type-name | <A, ..., Ac
o] K namespace-or-type-name 10.6
I 10.1.3 namespace-or-type-name
o] namespace-or-type-name T 1031
K T namespace-or-type-name
nanespace- or - t ype- nane T
I K nanespace- or - t ype- nane
narnespace- or - t ype- nane (
)
0 N nanespace- or - t ype- nane
K | N
0 namespace-or-type-name N
I extern-alias-directive using-alias-
directive namespace-or-type-name
0 namespace-or-type-name N |
N | K
0 K namespace-or-type-name N
| extern-alias-directive
using-alias-directive namespace-or-type-name
0 namespace-or-type-name
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C#

namespace-or-type-name N

(0] K
extern-alias-directive

using-alias-directive namespace-or-type-name

o] using-namespace-directives
| K namespace-or-type-name
o] using-namespace-directives
| K namespace-or-type-name
0 namespace-or-type-name
namespace-or-type-name N. | N I1<A;, ..., Ac N namespace-
or-type-name N N. | N I<A, ..., Ac
0 K N N | namespace-or-
type-name
o N N | K
namespace-or-type-name
o] N N
I K nanespace- or - t ype- nane
NI N N
10.1. 4.1
0 N. | namespace-or-type-name
namespace-or-type-name 10.1.1.3
namespace-or-type-name T. namespace-or-type-name T

namespace-or-type-name  typeof (T)
3.8.1
N
S. N
N
72

typeof-expression 7511 T

(fully qualified name)

N
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3.9
C#

class A {} 11 A
nanespace X /11 X
class B /1 X.B
class C {} /1 X.B.C
namespace Y Il X
class D {} /1l X.Y.D
}
namespace X Y [ XY
class E {} Il X Y. E
(garbage collector)
C#
C#
C#
System GC
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C#

74

usi ng System

class A
~A() . _
Consol e. WiteLine("Destruct instance of A");
}
}
class B
obj ect Ref;
public B(object o) {
Ref = o;
}
~B() o ,
Consol e. WiteLi ne("Destruct instance of B");
}
cl ass Test
static void Main() {
B b = new B(new A());
b = null;
CC. Col l ect () ;
GC. Wi t For Pendi ngFi nal i zers();
}
}
A B b nul |
Destruct instance of A
Destruct instance of B
Destruct instance of B
Destruct instance of A

usi ng System
class A

~A()
Consol e. WiteLine("Destruct instance of A");
}

public void F()
Console. Wit
Test. RefA =

{
eLine("A F");
this;
}
class B
public A Ref;
~B()

Consol e. WiteLi ne("Destruct instance of B");
Ref . F();
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}
}
cl ass Test
public static A RefA
public static B RefB,;
static void Main() {
Ref B = new B();
Ref A = new A();
Ref B. Ref = Ref A
RefB = nul | ;
Ref A = nul I ;
/1 A and B now eligible for destruction
GC. Col l ect ();
GC. Wi t For Pendi ngFi nal i zers();
/1 B now eligible for collection, but Ais not
if (RRfA!= null)
Console. WiteLine("RefA is not null");
}
}
B A
Destruct instance of A
Destruct instance of B
AF
Ref Ais not null
A A
F
B A
Wi t For Pendi ngFi nal i zers B
A
System | Di sposabl e
usi ng 8.13
3.10
C#
105.3 | ock
C#
1054 105.5

10.5.3
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Test. Ref A
Test. Ref A

(side effect)

8.12
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C# (Value type)

(generic type)

type:
value-type
reference-type
type-parameter

(reference) (object)

C#

obj ect obj ect

obj ect

4.1

value-type:
struct-type
enum-type

struct-type:
type-name
simple-type
nullable-type

simple-type:
numeric-type
bool

numeric-type:
integral-type
floating-point-type
deci nal
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C#

18.2

(reference type)

C#

(simple type)

43

77



C#

integral-type:
shyt e
byt e
short
ushort
i nt
ui nt
| ong
ul ong
char

floating-point-type:
fl oat
doubl e

nullable-type:
non-nullable-value-type  ?

non-nullable-value-type:

type
enum-type:
type-name
null nul |
null null
nul
4.1.1 System.ValueType
Syst em Val ueType obj ect
10.1.1.2
System Val ueType value-type class-type value-types
41.2
(default constructor)
(default value)
simple-types
o] sbyte byte short wushort int wuint |[|ong ul ong 0
0] char "\ x0000'
0] fl oat 0. Of
0] doubl e 0. 0d
o] deci nal 0. Om
o] bool fal se
enum-type E 0 E
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struct-type

nul |
nullable-type HasVal ue false
null null (null value)
new
i j
class A
void F() {
int 1 = 0;
int j =newint();
}
}
4.1.3
4.1.4
C# (simple type)
System
shyt e System SByt e
byt e System Byt e
short System I nt16
ushort System Ul nt 16
i nt System | nt 32
ui nt System Ul nt 32
| ong System | nt 64
ul ong System Ul nt 64
char Syst em Char
fl oat System Singl e
doubl e Syst em Doubl e
bool Syst em Bool ean
deci nal Syst em Deci nal

Syst em Obj ect
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Val ue

11.3.8

System I nt 32
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C#

int i = int.MxVal ue;
string s = i.ToString();
string t = 123. ToString();
literals
‘a' char C#
constant-expression 7.18
const
staticreadonly
4.1.5
C# 9 sbyte byte short
shyte 8
byt e 8
short 16
ushort 16
i nt 32
ui nt 32
| ong 64
ul ong 64
char 16
char
64
+ —_~
T
ul ong
80

/1 System | nt32. MaxVal ue const ant
[/ System Int32. ToString() instance method
/1 SystemInt32.ToString() instance nethod

24.4 123 i nt

104

6.4.3

ushort int wuint long ulong char

-128 127
0 255
-32768 32767
0 65535
-2147483648 2147483647
0 4294967295

—9223372036854775808 9223372036854 775807

0 18446744073709551615

0 65535
ushort

char Unicode

32 32 64

T int uint |ong ul ong
T T

T i nt | ong
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+ - *

% & N | == = > < >= <= T
T int uint |ong ul ong
T T bool
| ong ul ong
<< >> T T int uint long ul ong
T
T
char
char shyte byte ushort
char shyte byte ushort char
char character-literals char integer-literals
(char) 10 "\ xO00A
checked unchecked 7.5.12
checked Syst em Overf | owExcepti on unchecked
4.1.6
C# fl oat doubl e float doubl e 32 64
IEEE 754
7.7.2
1.0/ 0.0
-1.0/ 0.0
(Not-a-Number) NaN NaN
sxmx2° s 1 -1 m e
f1 oat 0<m<2* -149 <e <104 doubl e 0<m<2% -1075<e<
970
fl oat 7 15x10™%  3.4x10%
doubl e 15 16 50x107%* 1.7 x10%®
doubl e doubl e doubl e
doubl e bool
fl oat fl oat
bool
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C#

NaN
NaN
NaN NaN
doubl e
“ extended” “ long double”
113 C#
x*yl z
doubl e doubl e
4.1.7 decimal
deci nal 128 deci nmal 28
29 1.0x 107 7.9 x 10%
deci nal (-1)°x ¢ x 10°® s 0 1 c 0< c<2®
e 0< e< 28 decinal NaN deci nal
10 96 1.0m deci mal 28
1.0m deci mal 28 29
fl oat doubl e 0.1 deci nmal
f 1 oat doubl e
deci nal deci nal
deci nmal
deci nal
3 ” O
0
5x 102 deci mal
deci nal System Over f | owExcepti on
deci nal deci nmal
deci nmal
deci nal
deci nal
4.1.8 bool
bool bool true fal se
bool bool bool
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C C++ fal se
true C#
nul |
4.1.9
byt e
shyte short wushort int wuint |ong ul ong
141
4.1.10 null
null (underlying type) null
null T? T Syst em Nul | abl e<T>
null (non-nullable value type) Syst em Nul | abl e<T>
T? T nul |
struct System Nul | abl e<T> T 10.1.5
null null null
null i nt ?? string?
null T?
bool HasVal ue
T Val ue
HasVal ue true null null Val ue
HasVal ue false null  null null Val ue
System | nval i dOper at i onExcepti on null Val ue
(unwrapping)
null T? T
T X
new T?(x)
T? null Val ue X null
null (wrapping)
nul | T? 6.1.5 T T? 6.1.4
4.2
reference-type:
class-type
interface-type
array-type
delegate-type
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C#

class-type:
type-name
obj ect
string

interface-type:
type-name

array-type:
non-array-type  rank-specifiers

non-array-type:
type

rank-specifiers:
rank-specifier
rank-specifiers  rank-specifier

rank-specifier:
[ dim-separatorsey ]

dim-separators:
dim-separators

delegate-type:

type-name
(instance) (object) nul |
421
object-creation-expressions
7.5.10.1
10
C#

Syst em oj ect 4.2.2

System String CH 423

Syst em Val ueType 411

Syst em Enum 14

System Array 12

Syst em Del egat e 15

Syst em Excepti on 16
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422
obj ect C# obj ect
obj ect Syst em Obj ect
4.2.3 string
string obj ect string Unicode
string 2445
string System String
42.4
13
425
12
4.2.6
C C++
15
4.3
C# value-types reference-types
value-type obj ect
43.1
value-type reference-type

value-type obj ect

value-type Syst em Val ueType

non-nullable-value-type value-type interface-type
nullable-type nullable-type interface-type
enum-type System Enum

enum-type nullable-type Syst em Enum
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C#

6.19

non-nullable-value-type

type

nullable-type

class)

86

nul |

non-nullable-value-type

seal ed cl ass Box<T>: System Val ueType

T val ue;

public Box(T t) {
value = t;
}

}

v new Box<T>(v)

int i = 123;
obj ect box = i;

int i = 123;
obj ect box = new Box<int>(i);

Box<T>

int i = 123;
obj ect box = i;
if (box is int)

Consol e. Wit
}

{
e("Box contains an int");

Box contains an int”

reference-type

struct Poi nt

public int x, vy;

public Point(int x,
this.x = x;
this.y =vy;

int y) {

HasVal ue

non-nullable-value-

fal se
(boxing
obj ect
T
obj ect
obj ect
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Poi nt p = new Point (10, 10);
obj ect box = p;

p.x = 20;

Consol e. Wite(((Point)box).x);

10 p box p
Poi nt cl ass p box 20
4.3.2
reference-type value-type
obj ect value-type
Syst em Val ueType value-type
interface-type interface-type non-nullable-value-type
interface-type interface-type nullable-type
System Enum enum-type
Syst em Enum enum-type nullable-type
6.2.6
non-nullable-value-type non-nullable-
value-type
nullable-type nul | nullable-type null
nullable-type

box value-type T
((Box<T>) box) . val ue

obj ect box = 123;
int i = (int)box;

obj ect box = new Box<int >(123);
int i = ((Box<int>)box). val ue;
non-nullable-value-type
non-nullable-value-type nul |
Syst em Nul | Ref er enceExcepti on
System I nval i dCast Except i on

nullable-type nul |
nullable-type non-nullable-value-type
System | nval i dCast Excepti on

4.4

(unbound generic type) (type argument)
“ " < >

(constructed type)
typeof-expression 7.5.11
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C#

441

4.4.2

88

752 754

namespace-or-type-name

nanespace W dgets

class Queue {...}
cl ass Queue<TEl enent> {...}

namespace M/Application

usi ng Wdgets;

class X
Queue q1i; /1 Non-generic Wdgets. Queue
Queue<i nt > g2; /1 Generic Wdgets. Queue
}
}
type-name
10.3.8.6
cl ass Quter<T>
public class Inner {...}
public Inner i; /1 Type of i is Quter<T>. Inner

}
unmanaged-type 18.2

type
type-argument-list:
< type-arguments >
type-arguments:
type-argument
type-arguments ,  type-argument
type-argument:
type
18 type-argument
10.1.5
(open type) (closed type)
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4.4.3
(unbound type)
444
A
C
o] 6.1.1
o] 6.1.6
o] 6.1.7 —
(o] A C
(cl ass)
o A
o A
(struct)
o A
Syst em Enum
o A
new()
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wher e

10.1.5

null

10.1.5
A

(bound type)

t ypeof 7511

10.1.5

null

Syst em Val ueType System Enum

Syst em Val ueType

abstract
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C#

o A 412
o A 10.1.5
o A 10.1.5
o A abstract public
o A abstract 10.11.4
D T
T B<T> E T List<T>

| Enuner abl e

class B<T> where T: |Enunerable {...}

class D<T>: B<T> where T: |Enunerable {...}

class E<T>: B<List<T>> {...}

4.5
type-parameter:
identifier
10.2.4 13.1.3
7.3
6.1.9 6.2.6
6.1.9 nul |
def aul t 7.5.13
== I = nul | 7.9.6
constructor-constraint 10.15 new
7.5.10.1
75.4 3.8

unmanaged-type 18.2

4472
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4.6

(Expression tree)

Syst em Li ng. Expr essi ons. Expr essi on<D>

D

D
D Expressi on<D> D
Expr essi on<Func<i nt, i nt >>
Func<int,int> del = x => x + 1;

Expr essi on<Func<int , i

del

Expr essi on<D>

Expr essi on<D>
Func<int,int> del 2 =

int il =del(1);
int i2 = del2(1);
il i2

O Microsoft Corporation 1999-2008

nt>> exp = x => x + 1,

X+1

Conpi | e
exp. Conpi l e();

(expression tree type)
Expr essi on<D>

Expr essi on<D>

Func<int,int>

/1 Code
/1 Data

exp

del

X =>

del2
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C#
(definitely assigned)
(initially assigned)
51
C# 7
class A
public static int x;
int vy;
void F(int[] v, int a, ref int b, out int ¢) {
int i = 1;
C = a+ b+t
}
}
X y v[ 0] a b
5.1.1
static (static variable)
10.12
5.2
5.1.2
static (instance variable)
5.1.2.1

5.2

O Microsoft Corporation 1999-2008

C#

++ --

53

(initially unassigned)
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C#

5122

5.1.3

514

r ef out

5.1.5

r ef

757
5.1.6

out

94

7.14

5.2

(value parameter)

(reference parameter)

5.16

this

(output parameter)

5.15

5.3
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5.3
this 757
5.1.7
(local variable) local-variable-declaration block for-
statement switch-statement using-statement foreach-statement try-statement

specific-catch-clause

block for-statement switch-statement using-statement foreach-statement specific-

catch-clause block for-statement switch-statement using-statement foreach-
statement specific-catch-clause block

block for-statement switch-statement using-statement foreach-statement
specific-catch-clause 7.144.1

block for-statement switch-statement using-statement foreach-statement
specific-catch-clause local-variable-initializer

local-variable-declaration

local-variable-declaration local-variable-declaration
local-variable-initializer local-variable-initializer
local-variable-declaration local-variable-declarator
8.5.1 local-variable-
declarator

foreach-statement specific-catch-clause

3.9
5.2

value-type value-type 41.2
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C#

reference-type

" (all-bits-zero)

5.3

531

struct-type

struct-type

struct-type

) struct-type

return

struct-type this

531

96

nul |

531

7.16.1

struct-type

755

5.3.2

533
(definitely assigned)

532

7.5.10.1
851
5.3.3
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cat ch f or each

5.3.2
this
catch f or each
5.3.3
v
8.1
v
bool
o] true
false
o] false
true
Y,
5331
Y,
v

O Microsoft Corporation 1999-2008

arc

(definite assignment state)

true

false

Vv

Vv
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C#

v
v v v
8.1
block checked unchecked if while do for foreach lock using switch
v
v v v
v
8.1
5.3.3.2 checked unchecked
v checked unchecked v
5.3.3.3
expr stmt
v expr stmt
v expr stmt stmt
5.3.34
stmt v stmt stmt
stmt v stmt
5.3.351f
i f stmt
if ( expr ) then-stmt el se else-stmt
v expr stmt
v expr then-stmt else-stmt stmt
else
v expr “ true " then-stmt
else-stmt stmt else
v expr “ false " else-stmt
then-stmt
then-stmt stmt
v then-stmt else-stmt stmt else
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5.3.3.6 switch
expr sSwWi tch stmt
expr v stmt v
switch v
5.3.3.7 while
whi | e stmt

while ( expr ) while-body

v expr stmt
v expr while-body stmt
Vooexpr « true "
stmt
Vo oexpr « false "
while-body
5.3.3.8 do
do stmt
do do-body while ( expr )
v stmt do-body stmt
v expr do-body
vV oexpr stmt
v oexpr “ false )
5.3.3.9 for
for

for ( for-initializer ; for-condition ; for-iterator ) embedded-statement

{
for-initializer ;
whi | e ( for-condition ) {
embedded-statement ;
for-iterator ;
}
}
for for-condition

O Microsoft Corporation 1999-2008

expr

while-body

stmt

stmt
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for-condition true

5.3.3.10 break continue goto
break continue goto v
5.3.3.11 throw
stmt
t hr ow expr ;
expr v stmt v
5.3.3.12 return
stmt
return expr ;
expr v stmt v
v
0 expr
o] return try-finally try-catch-finally finally
stmt
return ;
v
0 stmt
o] return try-finally try-catch-finally finally
5.3.3.13 try-catch
stmt
try try-block
catch(...) catch-block-1
cat ch(...) catch-block-n
try-block v stmt v
catch-block-i i v stmt
v try-block catch-block-i i 1 n
v

5.3.3.14 try-finally
try stmt

try try-block finally finally-block

100
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try-block v stmt

finally-block v stmt

stmt

o Vv try-block
o Vv finally-block

got o try-block
finally-block v

5.3.3.15 try-catch-finally
try-catch-finally

try try-block
catch(...) catch-block-1

cat ch(...) catch-block-n
finally finally-block

try-cat ch

try {
try try-block
catch(...) catch-block-1
cat ch(...) catch-block-n
finally finally-block
try 8.10
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try-block

try-finally
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class A

static void F() {

int i, j;
try {
got o LABEL,
/1 neither i nor j definitely assigned
i =1
/1 i definitely assigned
}
catch {
/1 neither i nor | definitely assigned
i =3
/1 i definitely assigned
}
finally {

/1 neither i nor | definitely assigned
io=5
/1 j definitely assigned

/1 i and | definitely assigned

LABEL: ;
/1 j definitely assigned

}
}

5.3.3.16 foreach
f or each stmt

foreach ( typeidentifier i n expr ) embedded-statement

expr v stmt v
embedded-statement stmt v expr
v
5.3.3.17 using
usi ng stmt

usi ng ( resource-acquisition ) embedded-statement

resource-acquisition v stmt v
embedded-statement v resource-acquisition
v
5.3.3.18 lock
| ock stmt

| ock ( expr ) embedded-statement
expr v stmt v

embedded-statement v expr v
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5.3.3.19 yield
yieldreturn stmt
yield return expr ;
expr v stmt
stmt v expr
yi el d break
5.3.3.20
751
754 7.5.8
7.5.13
v
5.3.3.21
758
76.6 + - o~
<= > >= == I= jis as & | " 177
7.16.2 checked unchecked
7.5.10
expr;  expr; expry
expr; v expr
expr; i 1 v
expr v expr,
5.3.3.22
expr
primary-expression ( arg; , arg , arg, )
new type ( arg, , arg, , argn )
primary-expression v
argl

argl
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v
v
752
t ypeof 7.5.11
v
753 75.6
759 7.6.5
+ - | 0 << > <
7.8 79 7.10
75.12
%
expr
v
expri1 v
v
expr v
primary-expression v
expr v
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C#

arg; arg; v
r ef out
i 1 arg; arg; v argis
v out “ out v’
argi expr v expr v
v
75.104 75.10.2
7.5.10.3 7.5.106
5.3.3.23
w = expr-rhs expr
expr-rhs v expr v
w v expr v
expr v expr-rhs v
5.3.3.24 &&
expr-first && expr-second expr
expr-first v expr v
expr-first v “ true "
expr-second v
expr v
o] expr-first v expr v
o] expr-second v expr-first
“ fal se " expr v
o] expr-second Vv “ true
” expr Vv “ true K
o] expr-first v ! fal se "
expr-second v “ fal se ” expr
“ fal se "
0 expr v
class A

static void F(int x, int y) {
int i;
if (x >=0 && (i =vy) >= 0) {
/1 i definitely assigned

}
el se {

/1 i not definitely assigned
}
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// i not definitely assigned

}
}
[ i f
i f (i =vy)
x >=0
false [
5.3.3.25|
expr-first| | expr-second expr
expr-first v expr v
expr-first v “ false §
expr-second v
expr v
o] expr-first v expr v
o] expr-second expr-first
“ true expr v
o] expr-second ! false
8 expr v ! false "
o] expr-first v ! true "
second v “ true ” expr
. true
0 expr v
class A
static void G(int x, int y) {
int i;
if (x >=01]| (i =y) >=0) {
/1 i not definitely assigned
}
el se {
/1 i definitely assigned
/1 i not definitely assigned
}
}
[ i f
i f (i =vy)
[
true
5.3.3.26!
I expr-operand expr
expr-operand v expr v
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expr-

x >= 0
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expr v
o] expr-operand v
o] expr-operand v
o] expr-operand v
v “ true
o] expr-operand v
v ! false
5.3.3.27 ??
expr-first 2? expr-second
expr-first v
expr-second v
expr v
o] expr-first null
expr-second v
expr v
5.3.3.28 ?:
expr-cond ? expr-true : expr-false
expr-cond v
expr-cond v
expr-true v
expr-cond v
expr-false v
expr v
o] expr-cond true
expr-true v
o] expr-cond fal se
expr-false v
0 expr-true
expr
0 expr v

106

expr v
expr v
“ false " expr
“ true K expr
expr
expr v
expr-first v
7.18 expr Vv
expr-first v
expr
expr v
13 true ”
“ false ”
7.18 expr v
7.18 expr
expr-false v
v
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5.3.3.29
block expression body
body v
expr v

del egat e bool

void F() {
int max;

/! Error,
Filter f = (int n)

max = 5;
DoVor k(f);

de
VO

egate void D();
d F() {

int n;
Dd = ()
d();

/! Error,
Consol e. WiteLine(n);

= { n=1; };

5.4

variable-reference expression

variable-reference:
expression

C C++
5.5

variable-reference

bool

fl oat
| ong

O Microsoft Corporation 1999-2008

Filter(int i);

ul ong doubl e

lambda-expression

expr

expr

max is not definitely assigned
=> n < nax;

nis not definitely assigned

anonymous-method-expression expr

Vv

n n
variable-reference
Ivalue
char byte sbyte short wushort uint int
deci nmal

107



(conversion)

(implicit)
i nt | ong
| ong | ong i nt
int a = 123;
long b = a; /1 implicit conversion fromint to |ong
int ¢ =(int) b; // explicit conversion fromlong to int
6.4
6.1
null
null
74.4
7.16
6.1.1

O Microsoft Corporation 1999-2008

(explicit)
i nt

7.6.6
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C#

6.1.2
shyt e short int long float double deci mal
byt e short wushort int wuint long ulong float double deci mal
short int long float double deci mal
ushort int uint long ulong float double deci mal
i nt long float double deci mal
ui nt long ulong float double deci nal
| ong float double deci mal
ul ong float double deci nal
char ushort int wuint long ulong float double deci nal
fl oat doubl e
int uint 1ong ul ong fl oat | ong ul ong doubl e
char char
6.1.3
decimal-integer-literal 0 enum-type enum-type
nullable-type enum-type 4.1.10
6.1.4 null
null null
null S null T
null
S? T?
S T?
S T null
null S? T?
0 null HasVal ue false T? null
(o] S? S S T T
4.1.10 T?
null S T? S T
T?
6.1.5 null
nul | null null
110 O Microsoft Corporation 1999-2008
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4.1.10
6.1.6
reference-type obj ect
class-type S class-type T
class-type S interface-type T
interface-type S interface-type T
SE array-type S
o S T S T
0 SE TE reference-types
o SE TE
array-type System Array
S 1] System Col | ecti ons.
S T
delegate-type Syst em Del egat e
null reference-type
6.1.9
reference-types
Li st <B> Li st <A>
Li st <obj ect >
6.1.7
value-type
Syst em Val ueType non-nullable-value-type
enum-type Syst em Enum

nullable-type
non-nullable-value-type

Syst em Val ueType

nullable-type

O Microsoft Corporation 1999-2008

S T
S T
S T
TE  array-type T

Generic. | List<T>

Li st <B>

non-nullable-value-type obj ect

interface-type

non-nullable-value-type

value-type
11.3.2
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C#

null HasVal ue false
T
431
6.1.8
i nt constant-expression 7.18 shyte byte short wushort uint
ul ong constant-expression
| ong constant-expression ul ong constant-expression
6.1.9
T
T C T C T C
T
T T | T | T
T U T U 10.1.5 U T
U T )
null T T
T 10.15 6.1.6
T 6.1.7
6.1.10
6.4.4
6.1.11
6.5 6.6
6.2

null
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6.2.1

6.1.2
shyt e
byt e
short
ushort
i nt
ui nt
| ong
ul ong
char
fl oat

doubl e

deci ma

deci nal

doubl e

numeric-type

o

(0]

numeric-type

checked

unchecked

O Microsoft Corporation 1999-2008

7.6.6
numeric-type numeric-type

byte wushort wuint ulong char
shyte char

shyte byte wushort uint ulong char

sbyte byte short char

sbyte byte short wushort wuint ulong char

shyte byte short ushort int char
sbyte byte short wushort int wuint ulong char
sbyte byte short wushort int wuint 1ong char
sbyte byte short

sbyte byte short wushort int wuint long ulong

sbyte byte short wushort int wuint long ulong

sbyte byte short wushort int wuint 1ong ulong

Syst em Over f | owExcepti on

char

char f

char

7.6.6

deci nal

| oat

fl oat

7.5.12

113



C#

deci nal
Syst em Over f | owExcepti on
fl oat doubl e 75.12
o checked
NaN System Over f | owExcept i on
System Over f | onExcept i on
o unchecked
NaN infinite
doubl e fl oat doubl e fl oat doubl e
f 1l oat doubl e fl oat
doubl e NaN NaN
f 1 oat doubl e deci nal deci nal
28 4.1.7
deci nal NaN deci nal
System Overf | owExcepti on
deci nal f 1 oat doubl e deci nal doubl e fl oat

6.2.2

sbyte byte short wushort int wuint long ulong char float double
deci nal enum-type

enum-type sbyte byte short wushort int wuint long ulong char

fl oat double deci nal
enum-type enum-type
enum-type enum-type
i nt enum-type E
E byt e i nt byt e 6.2.1 byt e E
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byt e i nt 6.1.2

null
null (Explicit nullable conversion) null
null null
T 6.1.1 6.1.2 6.1.3
null
S? T?
S T?
S? T
S T null
null S? T?
null HasVal ue false T? null
S? S S T
T?
nul | S T? S T
T?
null S? T S? S
nul | nul |
obj ect reference-type
class-type S class-type T S T
class-type S interface-type T S S
interface-type S class-type T T T S
interface-type S interface-type T S T
SE array-type S TE array-type T
S T S T
SE TE reference-types
SE TE
System Array array-type
S ] System Col | ecti ons. Generic. | Li st<T>
T
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6.2.1

null
6.2.2
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C#

System Col | ecti ons. Generi c. | Li st <S>
T

Syst em Del egat e delegate-type

6.2.6

nul |
6.1.6
System I nval i dCast Except i on
6.2.5
value-type obj ect
non-nullable-value-type interface-type
non-nullable-value-type Syst em Enum
enum-type
nullable-type
non-nullable-value-type
value-type
nullable-type nullable-type null
Syst em Val ueType 11.3.2
432
6.2.6
T
T C T C T T
T T
T interface-type | T I
u T T u 10.1.5
T
T 6.24
6.2.5

]

Syst em Val ueType
interface-type

nullable-type
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cl ass X<T>

public static long F(T t) {
return (long)t; /Il FError

t i nt X<int>. F(7) 7L

cl ass X<T>

public static long F(T t) {
return (long)(object)t; /1 O, but will only work when T is |ong

}
}
X<int>. F(7) i nt
| ong
6.2.7
6.4.5
6.3
6.3.1
6.1.1
6.1.2
null 6.1.4
6.1.6
6.1.7
6.1.8
6.19
6.3.2
A B
A B B A
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6.4
C# (user-defined conversion)
10.10.3
6.4.1
C#
S T T null So To
So To S

S T

So To

So To

So To interface-type

S T S
10.10.3
6.4.2
null S null T
S? T? (lifted conversion operator) S? S
S T T T? null S? null
T?
6.4.3
(source type)

(target type) (most

specific)
nullable-type
6.3
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S T
S X X T
A B 6.3.1 A B interface-
types A B (encompassed by) B (encompass) A
(most encompassing type)
(most encompassed type)
6.4.4
S T
So To S T nul | So To
So To S T
D So So
So To To
U U
D S

T U

U Sx
(o] U S Sx S
(0] Sx U

U Tx
o U T Tx T
(0} Tx U
(o} U Sx Tx
o U Sx Tx

O Microsoft Corporation 1999-2008
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0
o] S
0
(0] Tx
6.4.5
S T
So
So To
So
S S
U
o U
0
(0] Sx
U
o U
0
(0] Tx
o U
0
0
120

Sx
T
To S
S T
So
U
U
Sx

Sx

Sx Tx

Tx

null

To To

Sx

Sx
Sx

Tx

Tx

Tx

To To

Sx

Tx
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o S Sx S Sx
0 Sx Tx
(0] Tx T Tx T
6.5
anonymous-method-expression lambda-expression 7.14
D
F
F anonymous-function-signature D F
F anonymous-function-signature D D
out
F D F
F D r ef out
D voi d F F D
F 7 statement-
expression 8.6
D voi d F F D
F 8.2 return
D F F D
F 7 D
D F F D
F 8.2
return D
D F Expr essi on<D> F
Func<A R> A
R
del egate R Func<A R>(A arg);
Func<int,int> f1 = x => x + 1; /1 Ok
Func<i nt,double> f2 = x => x + 1; I Ok
Func<doubl e,int> f3 = x => x + 1; /1 Error
Func<int,int> X i nt X +
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Func<i nt, doubl e> x +1
i nt doubl e
X doubl e X + 1
doubl e i nt
74
6.5.1
nul | this
del egat e doubl e Functi on(doubl e x);
cl ass Test
static doubl e[] Apply(double[] a, Function f) {
doubl e[] result = new doubl e[ a. Lengt h];
for (int i =0; i <a.lLength; i++) result[i] = f(a[i]);
return result;
}
static void F(double[] a, double[] b) {
a = Apply(a, (double x) => Math.Sin(x));
b = Apply(b, (double y) => Math.Sin(y));
}
}
6.5.2
4.6
6.5.3
C# Microsoft C#
C# D

public del egate void D();
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cl ass Test

static void F() {
Dd = () =>{ Console.WiteLine("test");
}
}
cl ass Test
static void F() {
Dd = new D(__Methodl);
}

static void __ Methodl() {
Consol e. WiteLine("test");

}
}
this
cl ass Test
int x;
void F() {
Dd = () =>{ Console. WiteLine(x);
}
}
cl ass Test
i
int x;
void F() {
D d = new D(__Methodl);
}

void __ Methodl() {
Consol e. Wit eLi ne(x);

}
}
cl ass Test
void F() {
int y = 123;
Dd = () =>{ Console. WiteLine(y);
}
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7.14.4.2
cl ass Test
void F() {
Local s1 _ localsl = new __Local s1();

__localsl.y = 123;
Dd = neM/EX__IocaIsl.__thhodl);

}

class __Local sl

public int y;

public void __Methodl() {
Consol e. WitelLine(y);

}
}
}
this
cl ass Test
int x;
void F() {
int y = 123;
for (int i =0; i < 10; i++) {
int z =1 * 2;
Dd= () =>{ Console.WitelLine(x +vy + z); };
}
}
}
__Local s2
__Local s1 __Local s1
this __Local 2
cl ass Test
void F() {
__lLocal s1 | ocal s1 = new __Local s1();
~“_localsl. _this = this;
Iocalsl y = 123;
ro(int i 0; i < 10; i++)

__LocaIsZ __locals2 = new __Local s2();
~_locals2. _localsl = __localsi;
“locals2.z =i * 2;

Dd=newD __lo cal s2. __Methodl);

}
}

class __Local sl

public Test _ this;
public int vy;
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class __Local s2

{
public _ Local s1 __local si;
public int z;
public void __ Methodl()
Console.WitelLine(__localsl. this.x + __localsl.y + z);
}
}
6.6
7.1 6.1 D
E E D E
74.3.1 D
E D E D
E(A) 755.1 M
o] A D formal-parameter-list
r ef out
o] 74.3.1
7551 D
M
M D 15.2
M E
M
D
7551
7552 E(A)

del egate string Dl(object 0);

del egat e object D2(string s);

del egat e object D3();

del egate string D4(object o, params object[] a);
del egate string D5(int i);
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cl ass Test

static string F(object o) {...}
static void ) {

Dl dl1 = F; IO
D2 d2 = F; IO
D3 d3 = F; /1 Error — not applicable
D4 d4 = F; /[l Error — not applicable in nornmal form
D5 d5 = F; /1 Error — applicable but not conpatible
}
}
dl F D1
d2
d3
d4
d5
obj ect obj = new Event Handl er (nyDi al og. kd i ck);

obj ect obj = (EventHandl er) nyDi al og. Okd i ck;

74
E
o]
o] reference-type
nul | Syst em Nul | Ref er enceException
o] value-type 43.1
nul |

D
Syst em Qut OF Merror yExcepti on
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7.1

member-access 754
member-access 754 as
7.9.11 is 7.9.10 t ypeof 7.5.11
7.3
this 75.7
invocation-expression 755 delegate-creation-expression
7.5.10.5
6.6
null null null
get set
this 757
+= -= 7.16.3
get set
this 757
Nothing void Nothing
statement-expression 8.6
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get-accessor set-accessor

set-accessor

7.16.1 get-accessor 7.1.1
7.1.1
(value)
Nothing
53
get-accessor get-accessor
744
get-accessor get-
accessor
744
7.2
(operand) (operator)
+ - x| new (literal)
—X
X++
X+y
?: (c?x:y)
(precedence) (associativity) 7.2.1
F(i) + Qi++) * H(i) F i
G i H [
(overloaded)
722
7.2.1
(precedence)
Xx+y*z  x+(y*z) +
additive-expression + -

multiplicative-expressions

128

- * %
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75 x.y f(x) a[x] x++ x-- new
typeof default checked unchecked delegate
7.6 + - 1~ ++x --x (T)x
7.7 * %
7.7 + -
78 << >>
79 < > <= >= js as
79 = I=
7.10 AND &
7.10 XOR N
7.10 OR |
7.11 AND &&
7.11 OR N
7.12 ??
7.13 ?:
7.16, lambda = *= |= Y% += -= <<= >>= &= "= | =
7.14 =>

(left-associative)

X +y +2 (x +y) +2
(?:) (right-associative)
X=y=2z x=(y=2)
X+y*z y z
(x+y) *z X y z
7.2.2
10.10 oper at or
7.2.3 7.24
(overloadable unary operator)

+ - ] ~ 4+ - true false
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true fal se 721
7.19
7.13 7.11
(overloadable binary operator)
+ - | % & A< > == I= > < >= <=
= &&
|| ?? ?: => checked unchecked new typeof default as is
*= 7.16.2 =)
(T)x 6.4
a[ x] 10.9
op
op ++ --
op
op x operat or op(x)
X 0op operat or op(x)
X 0py operator op(x, y)
/
721
operator ==
bool
75 7.11
“ " (unary operator overload
resolution) “ " (binary operator overload resolution)  “ " (numeric
promotion)
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7.2.3

op x X op

oper at or op

743

7.2.4
X opy

X

oper at or op

743
7.2.5

T
oper at or op( A)
To

To

To
To
To

7.2.6

op X X

oper at or op(x)

7.5 7.6
op X X
operator op(x, V)
Y
Y X Y
7.7 7.11
oper at or op(A) op
T nul | To
oper at or op
7431 To

obj ect

To

O Microsoft Corporation 1999-2008

725

(x)

725

To

(%, y)

To
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C#

int operator *(int x, int y);
uint operator *(uint x, uint y);
I ong operator *(long x, long y);
ul ong operator *(ulong x, ulong y);
float operator *(float x, float y);
doubl e operator *(double x, double y);
deci mal operator *(decimal x, decimal y);
74.3
short operator *(int, int)
i nt i nt i *d
operat or *(doubl e, doubl e)
7.2.6.1
+ — _~
shyte byte short ushort char
ui nt | ong
7.2.6.2
+ - |/ % & | N
deci nal
fl oat doubl e
doubl e
fl oat
ul ong
sbyte short int | ong
| ong
ui nt
| ong
ui nt
i nt
deci mal doubl e
deci mal doubl e fl oat
ul ong
132

byte s

i int d doubl e

deci ma

doubl e
fl oat

ul ong

| ong
sbyte short i nt

ui nt

fl oat

ul ong
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deci mal AddPercent (deci mal x, double percent) ({

return x * (1.0 + percent / 100.0);

}

deci mal
deci nal

doubl e

deci mal AddPercent (deci mal x, double percent) ({

return x * (decimal) (1.0 + percent / 100.0);

}
7.2.7
(Lifted operator)
null
+ ++ - - 1~
?
null
+ - * / % & | N <<
?
null
== | =
null null
< > <= >=
null null

O Microsoft Corporation 1999-2008

null

null

>>

null

null bool ? &

null

null
bool

null

fal se
bool

bool

bool

null

null

null

7.10.3
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C#

7.3

name 75.2
member-access

T
o] T
o]

M
o] M
o] M
o] M
obj ect
o] M
o] M

134

simple-
member-access 75.4 simple-name
invocation-expression 755.1 simple-expression
15
K N
N
T 10.15
N obj ect N
T N 35 obj ect
T 10.3.2
override
K K
K
742
S M S
S
S
S M
S
T T
10.1.5
S. M S M S obj ect
M
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7.3.

7.4

o]

o]

o]

1
T
T

obj ect
T
T
T
T
T

13.2.5

T
obj ect T
enum-type T Syst em Enum System Val ueType
struct-type T Syst em Val ueType obj ect
class-type T T obj ect
interface-type T T obj ect
array-type T System Array obj ect

delegate-type T Syst em Del egat e obj ect

741

74.3

O Microsoft Corporation 1999-2008
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C#

7.4.4
Xy val ue T F
F(x, y) =
(X, y)
static this
T.F(x, y) T F
static
(x,y)
e. F(x, y) e
F static
e (X, y)
P P get P
P static
this
P=val ue (val ue) P
set P
P static this
T.P T P get P
static P
T.P=val ue (val ue) T p
set P static P
e.P e e
P get P static
e. P=val ue e (val ue) e
P set
static P
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E += val ue E add E
this
E -=value E renove
E this
T.E += val ue T E add E
T.E -= value T E renove E
e. E += val ue e e
E add E
e. E -= val ue e e
E renove E
e[x, y] e
e (X, y)
get
e[ x, y] =val ue e
e (x,y,
val ue) set
_X X
(x)
X+y X y
(X, y)
newT(Xx, V) T
(x, y)

7.4.1

argument-list

get set
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C#

+= -=
set
10.7 10.8 10.10
106.1.1 10.9 106.1.1
106.1.4
argument-list

argument-list:

argument

argument-list argument

argument:

expression

ref  variable-reference

out  variable-reference

argument-list arguments
expression 106.1.1
variable-reference 54 r ef 106.1.2
53
variable-reference 5.4 out 10.6.1.3
53
74.4

6.1

reference-type

System ArrayTypeM smat chExcepti on
10.6.1.4
7431

6.1

6.1
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cl ass Test

static void F(int x, int y, int z) {
System Consol e. WiteLine("x = {0}, y = {1}, z = {2}", X, vy, 2);

static void Min() {

int i =0;
F(i++, 1++, 1++4);
}
}
x=0y=1 2z =2
B A 125 Al
B[] reference-type
cl ass Test
static void F(ref object x) {...}
static void Mi n() {
object[] a = new object[10];
object[] b = new string[ 10];
F(ref a[0]); /Il Ok
F(ref b[1]); /1 ArrayTypeM smat chExcepti on
}
}
F System ArrayTypeM smat chExcepti on b
string obj ect
75.104

void F(int x, int y, parans object[] args);

F(10, 20);
F(10, 20, 30, 40);
F(10, 20, 1, "hello", 3.0);

F(10, 20, new object[] {});
F(10, 20, new object[] {30, 40})
F(10, 20, new object[] {1, "hello 3.0})
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C#

7.4.2
(type inference)
cl ass Chooser
static Random rand = new Random();
public static T Choose<T>(T first, T second) {
return (rand. Next(2) == 0)? first: second;
}
}
Choose
int i = Chooser. Choose(5, 213); /1 Calls Choose<int>
string s = Chooser. Choose("foo", "bar"); /1 Calls Choose<string>
i nt string
7551
Tr IVKX]_Xn>(T1 X]_ Tm er)
N(El --Em) Xl..Xn
S1..5n MkS;..S>( B .En)
X S
T X
7.4.2.12
74.2.13
7.4.2.1
Ei
= E; Ti 714.2.7
= Ti 7426
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7.4.2.2
7.4.2.5 X Xi 74.2.10
Xi
o] Xi X
o X
Ti E 7.4.2.4
X 7.4.2.3 E T;
74.2.6
7.4.2.3
E T T
T E
7.4.2.4
E T T
T E
7.4.2.5
Xi X Tk
B X Tk B« X Tk B«
X X X Xi Xi X« X« X “
7.4.2.6
E T
E u 7.4.2.11 T To
U Ty 7429
E T T1.. Tk To
T1.. Tk E U U
Ty
E U U T
7.4.2.7
E T
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C#

E Ur ..Uk T
U U Vi
7.4.2.8
U \%
\Y, X u X
u Uef ..] \Y
\Y C<Vi. V> ) C<Ur. Ue>
Vi
7.4.2.9
U \%
\Y, X u X
u Uef ..] \%
Ul ] \% | Enuner abl e<Ve> | Col | ecti on<Ve>
0 Ue Ue Ve
o] Ue Ve
V C<V1. . W> Ui..U
U Vi
7.4.2.10
X
U Xi
X X; u
u v
U \Y
Xi V
7.4.2.11
F (Inferred return type)
F expression F
142

7.4.2.8

V1.V
Vel -]
Vel ..]
I Li st <Ve>
U
U
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F block return T
7.4.2.13 F T
E
Syst em Li ng. Enuner abl e Sel ect

nanmespace System Linqg
public static class Enunerable

public static |Enumerabl e<TResult> Sel ect <TSour ce, TResul t >(
thi s | Enuner abl e<TSour ce> sour ce,
Func<TSour ce, TResul t > sel ector)

foreach (TSource el enent in source) yield return
sel ector (el enent);

}
}

Syst em Li nq usi ng Cust omer
string Nane Sel ect

Li st <Cust onmer > custonmers = Get Cust oner Li st ();
| Enurrer abl e<stri ng> nanes = custoners. Sel ect(c => c. Nane);

Sel ect 7552
| Enurrer abl e<stri ng> names = Enuner abl e. Sel ect (custoners, ¢ => c. Nane);
cust omers
source T Cust oner c

Cust oner c. Nane sel ect or S
string

Sequence. Sel ect <Cust oner, string>(custoners, (Custoner c) => c.Nane)

| Enurer abl e<stri ng>

static Z F<X, Y, Z>(X value, Func<X, Y> f1l, Func<Y,Z> f2) {
return f2(f1(val ue));

doubl e seconds = F("1:15:30", s => Ti neSpan. Parse(s), t =>
t. Tot al Seconds) ;

“ 1:15: 30" val ue X string
S string Ti meSpan. Par se(s) f1
Y Syst em Ti meSpan t
Syst em Ti neSpan t. Tot al Seconds f2 4
doubl e doubl e
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C#

7.4.2.12

Tr IVKX]_Xn>(T1 X]_ Tm er)
D M
IVKS]_..Sn>
D 151
X D
Xi
7.4.2.13
block
E]_..Em
T MX>(X X1 ... X Xpy)
E
X
X S
7.4.3
Ct
invocation-expression 755.1
object-creation-expression 75.10.1
element-access 756
723 724
7551
7432
144

S1.S

overri de 7.3
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(better function member)

1]

" (applicable function member)

7.43.1
A
function member)
A
A r ef out
0
o] r ef out r ef
(normal form)
(expanded form)
A A
A
0
6.1
o] r ef out
7.4.3.2
{El,Ez, ...,EN} A
{Q, Q... Qu} M My M
(better function member)
Ex & Ex Px
Ex PX EX Q(
M My Px &
{Plv P2, "'va} {er QZ, ,Q\I}
M My M M
M Mo par ans
M M
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{P1, P, ..

(applicable

6.1

out

. Pn}
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C#

Mo
S, ..., Sh} M M,
Sx

o]
o]
o]
7.4.3.3
E T1
T: T2
conversion)
E S S T1
E T1 T2
7.4.2.11
T1 Yr T2
T1 Y T2
7.4.3.4
S T,
S T,
T, T
T: Tz
0 T shyte T, byt e
0 T short T2 ushort
0 T int T ui nt
0 T long T» ul ong
6 short 6
ushort
146

M M
M M
Rx Sx Vb
G E
C
S T>
X
Y2 X Yl
void
C]_ S TZ
C C,
. T
ushort uint ul ong
ui nt ul ong
ul ong
ushort

par ams

{R, Ry, ..., R\} {S1,

Rx
My
T2 C
G (better
X Y2
C, T T,

(better conversion)

short
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7.4.3.5

interface 11<T> {...}

interface 12<T> {...}

cl ass Gl<U>

{
int F1(U u);
int F1(int i);
voi d F2(11<U> a);
void F2(12<U> a);

}

class &<U, v>

{
void F3(U u, V v);
void F3(V v, Uu);
void FA4(U u, |1<V> v);
void F4(11<Vv> v, U u);
void F5(U ul, 11<V> v2);

void F5(V vl, U u2);

void F6(ref U u);
void F6(out V v);

7.4.4

this 7.5.7

O Microsoft Corporation 1999-2008

Overload resulotion for int>. F1
wi Il pick non-generic

Val i d overl oad

Val id, but overl oad resolution for
&<int,int>F3 will fail

Val i d, but overl oad resolution for
K<lil<int>int>F4 will fail

Val i d overl oad

val i d overl oad
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C#

M M

M
0 74.1
o M

M value-type
o E
o E E

E
this
M this

0 74.1
o] M E this

M reference-type
o E
0 74.1
o] E value-type 431

E obj ect M

0] E E nul |

Syst em Nul | Ref er enceExcepti on

0
E M
M
M E
M E
” 10.6.3
M M
0] E this
7.4.4.1
value-type value-type
obj ect override

interface-type

obj ect
System Obj ect

obj ect
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this

7.5

value-type

primary-expression:

primary-no-array-creation-expression
array-creation-expression

primary-no-array-creation-expression:

object o

object o

751

literal

7.5.2

literal
simple-name
parenthesized-expression
member-access
invocation-expression
element-access
this-access
base-access
post-increment-expression
post-decrement-expression
object-creation-expression
delegate-creation-expression
anonymous-object-creation-expression
typeof-expression
checked-expression
unchecked-expression
default-value-expression
anonymous-method-expression

array-creation-expressions primary-no-array-creation-expressions

new int[3][1];

(new int[3])[1];

244 primary-expression

simple-name

simple-name:

identifier  type-argument-listoy
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149



C#

simple-name I | <A, .., A I
argument-list type-argument-list K
K simple-name block
3.3 |
K simple-name
simple-name
T 10.3.1
o K T |
o T K |
T
this
7551
T
754 K
T.1 T. I <A, ..., AS
simple-name
N simple-name
o K | N
simple-name N
| extern-alias-directive
directive simple-name
simple-name N I
o N | K
K simple-name

|
using-alias-directive simple-name
namespace-or-type-name
0 simple-name N

K
extern-alias-directive

150

using-alias-directive

<A1, .. A&
simple-name

block block

simple-name

simple-name

73

block

754

extern-alias-directive

simple-name

O Microsoft Corporation 1999-2008
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type-
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using-namespace-directives
I K simple-name

using-namespace-directives
I K simple-name

namespace-or-type-name 3.8
simple-name

7.5.2.1
simple-name
3.3 simple-name
switch for foreach

cl ass Test

doubl e x;

void F(bool b) {
x = 1.0;
if (b) {
int x;
X = 1;

cl ass Test

doubl e x;

void F(bool b) {
if (b) {
x = 1.0;
}
{
t .

e
int X
X 1;

754
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C#

this.x

struct Poi nt
int x, vy;
public Point(int x, int y) {
this.x = x;
this.y =vy;
}
}
X y

7.5.3
parenthesized-expression

parenthesized-expression:
( expression )

expression

expression

754

member-access
member o

member-access:
primary-expression
predefined-type

this.y

expression

parenthesized-expression expression
parenthesized-expression

primary-expression
identifier

predefined-type
type-argument-list

qualified-alias-

identifier type-argument-listoy

identifier type-argument-listoy

qualified-alias-member identifier
predefined-type:
bool byt e char deci mal doubl e fl oat i nt | ong
obj ects byte short string ui nt ul ong ushort
qualified-alias-member 9.7
member-access E I E l<A, .., Ac E I
<A, .., A type-argument-list type-argument-list K
member-access
K E E |
E E | K
E predefined-type primary-expression E
E K | 7.3 E. I
o |
o |
7551
o] I static

152
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| static
readonl y
E
| static
declarations 10.8
|
|
E. |
E T
7.3
E
E

|
T class-type
E nul

readonl y

T  struct-type
E

10.8

O Microsoft Corporation 1999-2008

7551
E

class-type

struct-type

readonl y

7552

event-accessor-
E I

711

Syst em Nul | Ref er enceExcepti on

event-accessor-declarations
E. |

E |
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C#

7.5.4.1
E. I E E simple-name
7.5.2 E type-name 3.8 E
E
E | |
E E
struct Col or
public static readonly Color Wiite = new Color(...);
public static readonly Color Black = new Color(...);
public Col or Conplement() {...}
class A
public Col or Color; /1 Field Col or of type Color
void F() {
Col or = Col or. Bl ack; /1 References Col or.Black static
nenber
Col or = Col or. Conpl enent () ; /1 1 nvokes Conpl ement () on Col or
field
static void ) {
Color ¢ = Color.Wite; /! References Color.Wite static
nenber
}
}
A Col or Col or Col or
7.5.4.2
simple-name 752 member-access 754

F(GA B>(7));

G< A B> (7) F F
G
type-argument-list 44.1 simple-
name 752 member-access 754 pointer-member-access 18.5.2
>
()Y 13y 5 . . 2 =1I=
type-argument-list simple-name member-access pointer-member-access
type-argument-list simple-name

member-access pointer-member-access
namespace-or-type-name 3.8 type-argument-list

F(GA B>(7));
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F
G
F(G< A B>T7);
F(G< A B> 7);
F
X = F < A> +y;
Xx=(F<A) >(+y)
type-argument-list simple-name
X =yis CT> + z;
C<T> type-argument-list namespace-or-type-name

7.5.5
invocation-expression

invocation-expression:
primary-expression  ( argument-listoyr )

invocation-expression primary-expression delegate-type primary-
expression invocation-expression 755.1 primary-
expression delegate-type invocation-expression 7553
primary-expression delegate-type

argument-list 74.1

invocation-expression

[ nvocat i on- expressi on voi d Not hing Not hi ng
St at enent - expr essi on 8.6 [/ anbaa-
expressi on 7.14

7551

invocation-expression primary-expression

argument-list

M A) M type-argument-list A argument-list

M F

A F 7431
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C#

o F M F
74.2
F
444 A F
7.4.3.1
o F M F
F
F
444 A F 7431
CF
C F C
C obj ect
object
7552
743
0
simple-name member-access
simple-name member-access base-access
0 444
7.4.4
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7.5.5.2
7.55.1
expr . identifier ( )
expr . identifier ( args )
expr . identifier < typeargs > ( )

expr . identifier < typeargs > ( args )

type-name C

C . identifier ( expr )

C . identifier ( expr , args)
C . identifier < typeargs > ( expr )
C . identifier < typeargs > ( expr , args )
Ci.M; (eligible)
Ci
M; identifier
M;
expr M;
C
o] M G
0
M G
743
C
C 7.4.4

using

public static class E

public static void F(this object obj, int i) { }
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C#

public static void F(this object obj, string s) { }

class A { }
class B

public void F(int i) { }

class C

public void F(object obj) { }

class X

static void Test(A a, Bb, Cc
a.F(1); /1 E.F(object, int)
a.F("hello"); /1 E.F(object, string)
b. F(1); /1 B.F(int)
b. F("hello"); /'l E.F(object, string)
c.F(1); /1 C.F(object)
c. F("hell o"); /1 C.F(object)

}

}

B C

public static class C
public static void F(this int i) { Console.WiteLine("C F({0})",
public static void (this int i) { Console.WiteLine("C G {0})",
public static void H(this int i) { Console.WiteLine("C H({0})"
nanmespace NL

public static class D

public static void F(this int i) { Console.WiteLine("D. F({0})"

i)
public static void Qthis int i) { Console. WiteLine("D. {0})"
i); }
}
}
nanespace N2
{
usi ng N1;
public static class E
public static void F(this int i) { Console. WiteLine("E F({0})",
i); }
}
cl ass Test
static void Main(string[] args)
1 F();
2.4);
3.H();
}
}
}
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E. F(1)
D. ¥ 2)
C. H(3)
D. G C.G E. F D. F CF
7.5.5.3
invocation-expression primary-expression delegate-type
delegate-type delegate-type delegate-type
invocation-expression argument-list 7431
D(A) D delegate-type primary-expression A argument-list
D
D nul | System Nul | Ref erenceExcepti on
D
744
7.5.6
element-access primary-no-array-creation-expression . expression-
list “ 1" expression-list expression
element-access:
primary-no-array-creation-expression [  expression-list ]
expression-list:
expression
expression-list expression
element-access primary-no-array-creation-expression array-type
element-access 756.1 primary-no-array-creation-expression
element-
access 7.5.6.2
7.5.6.1
element-access primary-no-array-creation-expression array-type
expression-list array-type i nt
uint long ulong
expression-list
Pl A] P array-type primary-no-array-creation-expression A expression-list
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C#

expression-list

6.1 int uint long ulong
short i nt
short i nt short | ong
P P nul | System Nul | Ref erenceExcepti on
P expression-list

Syst em | ndexOut OF RangeExcept i on

7.5.6.2
element-access primary-no-array-creation-expression
element-access expression-list
Pl A] P T primary-no-array-creation-expression A
expression-list
T T T
override 35
S. |
S I
0 | A 743.1 |
0 | A 743.1 S
o] I A 743.1 S obj ect
743

expression-list

P
A
get-accessor set-accessor
set-accessor 7.16.1

get-accessor 7.1.1
7.5.7 this
this-access this

this-access:
this
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this-access block
this primary-expression
this
this primary-expression
this 103.1
this primary-expression
this
this out
this primary-expression
this 10.3.1
0] this
r ef
0 this copy
value
primary-expression this
variable-initializer this
7.5.8 base
base-access base ‘o expression-
list
base-access:
base . identifier
base [  expression-list ]
base-access base-access
block base. | I
base. | base[ E] base-access ((B)this).lI
((B)this)[E B base. | base[ E]
this.!I t hi s[ E] this
base-access 744
non-base
B this
10.6.3 vi rtual override base-access
base-access
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C#

7.5.9
post-increment-expression:
primary-expression  ++
post-decrement-expression:
primary-expression - -
get set
723
++ - sbyte byte short wushort int wuint long ulong char
doubl e deci nal ++
-- 1 checked
System Overfl owExcepti on
X++ X- -
X
0 X
0 X
0 X
0 X
0 X
X
o] X X static X
get set
0 X get
0 X
0] X set val ue
0 X
++ -- 7.6.5 X++ X- - “ ”
++X --X X
operator ++ oper at or

7.5.10 new

new

162
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new
new
new
7.5.10.1
object-creation-expression class-type value-type
object-creation-expression:
new type ( argument-list,y )  object-or-collection-initializergy
new type object-or-collection-initializer
object-or-collection-initializer:
object-initializer
collection-initializer
object-creation-expression type class-type value-type type-parameter type
abstract class-type
type class-type struct-type argument-list 74.1
7.5.10.2 75.10.3
newT(A) T class-type value-type A argument-list object-creation-
expression

T value-type A

0 object-creation-expression object-creation-expression T
411 T

T  type-parameter A
o] T 10.1.5

o

object-creation-expression

T class-type struct-type
o] T abstract class-type

o] 74.3 T
A 7431
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C#

0 object-creation-expression T

object-creation-expression

newT(A) T class-type struct-type A argument-list object-creation-
expression

T class-type

(0] T
Syst em Qut OF Menor yExcepti on
o] 5.2
o] 74.4
this
T struct-type
o] T struct-type
o] 74.4
this
7.5.10.2
(object initializer)
object-initializer:
{ member-initializer-listyy, ~ }
{  member-initializer-list }
member-initializer-list:
member-initializer
member-initializer-list member-initializer
member-initializer:
identifier = initializer-value
initializer-value:
expression
object-or-collection-initializer
113 { ” 13 } ” 13 , ”

7.16.1

(nested object
initializer)
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7.5.10.3

public class Point

int x, vy;
public int X { get { return x; } set
public int Y { get { returny; } set

Poi nt
Point a = new Point { X =0, Y =11},

Point __a = new Point();
_a. X =0;
_a. Y =1;
Point a = a;
a

public class Rectangle

Poi nt pl, p2;

public Point P1 { get { return pl; } set { pl
public Point P2 { get { return p2; } set { p2

}

Rect angl e

Rectangle r = new Rectangle {
P1 new Point { X
P2 new Point { X

, 1
2, Y=23}
}s

Rectangle __r = new Rectangl e();
Point _ pl = new Point();
_pl. X =0;
_ply =1;
= _ p1,

= new Point();

_r. P2 = __p2;
Rectangle r = _ r;

_r _pl __p2

Rect angl e Poi nt
public class Rectangle

new Poi n
new Poi n

Poi nt p1
Poi nt p2

t();
t();

O Microsoft Corporation 1999-2008

val ue; } }
val ue; } }

val ue;
val ue;

b}
bl
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public Point P1 { get { return pl; } }
public Point P2 { get { return p2; } }

no
NOS
<<
no
W
o

Rect angl e r = new Rectangl e();
_r.pPL X
_r.PLY
_r.p2. X
_r.pP2.y ;
Rectangle r = _ r;

°9'\“‘.‘C?|

7.5.10.3

collection-initializer:
{ element-initializer-list }
{ element-initializer-list }

element-initializer-list:
element-initializer
element-initializer-list element-initializer

element-initializer:
non-assignment-expression
{ expression-list '}

non-assignment-expression
7.17

List<int> digits = new List<int>{ 0, 1, 2, 3, 4, 5, 6, 7, 8 9 };

System Col | ecti ons. | Enurrer abl e
Add

Add

public class Contact

{
string nane;
Li st <string> phoneNunmbers = new List<string>();
public string Name { get { return nanme; } set { name = value; } }
public List<string> PhoneNunbers { get { return phoneNunbers; } }
}
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Li st <Cont act >

var contacts = new List<Contact> {
new Contact {
Name = "Chris Smth",
PhoneNunbers = { "206-555-0101", "425-882-8080" }

new Cont act {
Nanme = "Bob Harris",
PhoneNunmbers = { "650-555-0199" }

}
}s

var _ clist = new List<Contact>();
Contact _ ¢l = new Contact();
__Ccl.Nanme = "Chris Smth";

__cl. PhoneNunbers. Add("206- 555- 0101") ;
__c1. PhoneNunber s. Add( " 425-882-8080") ;
_clist.Add(__c1);

Contact __c2 = new Contact();
__Cc2.Name = "Bob Harris";

__c2. PhoneNunbers. Add( " 650- 555-0199") ;
_clist.Add(__c2);

var contacts = _ clist;

_clist ¢l _c2
7.5.10.4
array-creation-expression array-type

array-creation-expression:
new non-array-type [  expression-list ] rank-specifiersyy
new array-type array-initializer
new rank-specifier  array-initializer

newi nt [ 10, 20] int[,]
newint[10][, ] int[][,]
uint 1ong ul ong

constant-exp ression

18.1

newint[,] {{O0, 1}, {2, 3}, {4, 5}}

new int[3, 2] {{0, 1}, {2, 3}, {4, 5}}

O Microsoft Corporation 1999-2008
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(implicitly typed array creation
expression)

7.4.2.13 rank-specifier
array-initializers expressions
12.6
expression-list
6.1 int uint long ulong

System Overf | owExcepti on

Syst em Qut O Menor yExcept i on

5.2
int[][] a = new int[100][];
100 int[] nul |

int[][] a = new int[100][5]; /1 Error

int[][] a = newint[100][];

for (int i =0; i <100; i++) a[i] = new int[5];

101 1

100

int[,] = new int[100, 5];

var a = new] { 1, 10, 100, 1000 }; [l int[]

var b = new] { 1, 1.5, 2, 2.5 }; /1 doubl e[]

var ¢ = new,] { { "hello", null }, { "world", "!" } }; [/ string[,]

var d = new] { 1, "one", 2, "two" }; /Il Error
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i nt string

obj ect[]
7.5.10.6

var contacts = new] {
new {
Name = "Chris Smth",
PhoneNunbers = new{] { "?206-555-0101", "425-882-8080" }

new {
Nanme = "Bob Harris",
PhoneNunbers = newf] { "650-555-0199" }

1
7.5.10.5
delegate-creation-expression delegate-type

delegate-creation-expression:
new delegate-type (  expression )

delegate-type

delegate-type

newD( E) D delegate-type E expression delegate-creation-expression
E E D 6.6
E E D 6.5
E E D 15.1 D
E E D
newD( E) D delegate-type E expression delegate-creation-expression
E E D 6.6
E E D 6.5

E delegate-type
o E

0] E nul | Syst em Nul | Ref er enceExcepti on
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169



C#

o] D
Syst em Qut OF MenoryExcepti on

15.1

del egat e doubl e Doubl eFunc(doubl e x);
class A

{
Doubl eFunc f = new Doubl eFunc( Square);

static float Square(float x) {
return x * x;
}

static doubl e Square(double x) {
return x * x;

A f Squar e
Squar e

7.5.10.6

anonymous-object-creation-expression

anonymous-object-creation-expression:
new anonymous-object-initializer

anonymous-object-initializer:
{ member-declarator-listy,,  }
{ member-declarator-list , '}

member-declarator-list:
member-declarator

member-declarator-list member-declarator

member-declarator:
simple-name
member-access
base-access
identifier = expression

new{ p: =€, P =€, .. Py =6}

170

Doubl eFunc

obj ect
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class __Anonynpusl

{
private readonly T, f; ;
private readonly T, f; ;
private readonly T, f, ;
public _ Anonymousl(T; a;, T, az ..., Ty an) {
fi = a ;
f, = a ;
fo = an ;
}
public Ty p1 { get { return f,; } }
public T, p2 { get { returnf, ; } }
public T, pn { get { return f,; } }
public override bool Equal s(object o) { ...}
public override int GetHashCode() { ...}
}
T, ey member-declarator
member-declarator
var pl = new { Nanme = "Lawnnower", Price = 495.00 };
var p2 = new { Nanme = "Shovel", Price = 26.95 };
pl = p2;
pl p2
Equal s Get Hashcode obj ect
Equal s Get Hashcode
75.2 754 75.8
(projection initializer)
identifier expr . identifier
identifer = identifier identifier = expr . identifier
identifier
171
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7.5.11 typeof

t ypeof System Type

typeof-expression:
typeof  (  type )
t ypeof (
typeof ( void )

unbound-type-name:

unbound-type-name )

identifier  generic-dimension-specifier

identifier identifier
unbound-type-name

generic-dimension-specifier:
< commaSe: >

generic-dimension-specifier,y
identifier  generic-dimension-specifier gy

commas:
commas
typeof-expression t ypeof type
System Type Syst em Type
T typeof (T) ==typeof(T) true
typeof-expression t ypeof unbound-type-name
unbound-type-name type-name unbound-type-name

generic-dimension-specifiers type-name type-argument-lists typeof-expression
unbound-type-name type-name generic-
dimension-specifier type-argument-list type-name

unbound-type-name

generic-dimension-specifier
obj ect type-argument-list

type-name
unbound-type-name

typeof-expression

typeof-expression t ypeof
void
t ypeof
t ypeof
System Type
System Type
172

System Type

type-argument
type-name

443
System Type

voi d
t ypeof (voi d)

Syst em Type

System Type
443

Syst em Type
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usi ng System
cl ass X<T>

public static void PrintTypes() {
Type[] t ={
typeof (int),
t ypeof (System I nt 32),
typeof (string),
t ypeof (doubl e[]),
t ypeof (voi d),
typeof (T),
typeof ( X<T>),
t ypeof ( X<X<T>>),
t ypeof ( X<>)

};
for (int i =0; i <t.Length; i++) {
Consol e. WiteLine(t[i]);
}
}
cl ass Test
static void Main() {
X<int>. PrintTypes();
}
System I nt 32
System I nt 32

System String

System I nt 32

X 1[ System | nt 32]

X 1[ X 1[ System I nt 32]]
X 1[T]

i nt System | nt 32
t ypeof ( X<>) t ypeof ( X<T>)
7.5.12 checked unchecked

checked unchecked (overflow
checking context)

checked-expression:
checked (  expression )

unchecked-expression:
unchecked (  expression )

checked checked unchecked unchecked
checked-
expression unchecked-expression parenthesized-expression 753
checked unchecked 8.11
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checked unchecked

++ -- 75.9 7.6.5
- 7.6.2
+ - % / 1.7
fl oat doubl e 6.2.1
checked 7.18

System Over f| owExcepti on
unchecked

checked unchecked

checked
unchecked
checked
unchecked
checked unchecked
cl ass Test

static readonly int x = 1000000;

static readonly int y = 1000000;

static int F() {

return checked(x * y); /1 Throws Overfl owExcepti on

}

static int ) {
return unchecked(x * y); /1 Returns -727379968

static int H() {

return x * vy; /1 Depends on default
}
}
F
Syst em Overfl owException G —727379968
H F
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cl ass Test
const int x = 1000000;
const int y = 1000000;

static int F() {
return checked(x * y);

static int ) {
return unchecked(x * y);
}

static int H() {

[/l Conpile error, overflow

/! Returns -727379968

return x * vy; /1 Conpile error, overflow
}
}
F H checked
G unchecked
checked unchecked S L
cl ass Test
static int Miltiply(int x, int y) {
return x * vy;
static int F() {
return checked(Multiply(1000000, 1000000));
}
F checked Ml tiply X*y
X*y
unchecked
cl ass Test
public const int AlIBits = unchecked((int)OxFFFFFFFF);
public const int Hi ghBit = unchecked((int)0x80000000);
}
ui nt i nt
unchecked i nt
checked unchecked
unchecked
checked ”
7.5.13
5.2
nul |
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default-value-expression:

def aul t ( type )
default-value-expression type
nul | default-value-expression type
412
expression 7.18
expression sbyte byte short
char float double decinmal boo
7.5.14
anonymous-method-expression
7.14
7.6
+ - 1~ -
unary-expression:
primary-expression
+  unary-expression
- unary-expression
! unary-expression
~  unary-expression
pre-increment-expression
pre-decrement-expression
cast-expression
7.6.1
+X
int operator +(int Xx);
uint operator +(uint x);
| ong operator +(long x);
ul ong operator +(ulong x);
fl oat operator +(float x);
doubl e operator +(double x);
deci mal operator +(decimal Xx);
7.6.2
—X
int operator —(int Xx);
| ong operator —(long x);
176

ushort

7.2.3

7.2.3

value-type
10.1.5 default-value-
default-value-
int uint long ulong
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0 X X
=23 long  -2% X
checked System Over f | owExcepti on

ui nt | ong
i nt -2147483648 (-2

ul ong
long  -9223372036854775808 (-2 2.4.4.2

float operator —(float x);
doubl e operator —(double x);

X X NaN NaN

deci mal operator —(decimal Xx);

0 X Syst em Deci mal

7.6.3
I'x 7.2.3

bool operator ! (bool x);

true fal se
fal se true

7.6.4
~X 7.2.3

int operator ~(int Xx);

uint operator ~(uint x);

| ong operator ~(long x);

ul ong operator ~(ulong x);
X

E
E operator ~(E x);

i nt
unchecked

| ong
2442

~X X u E (E)(~(U) x)

O Microsoft Corporation 1999-2008
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7.6.5
pre-increment-expression:
++  unary-expression
pre-decrement-expression:
-~ unary-expression
get
set
7.2.3
- sbyte byte short ushort uint long ulong char float
doubl e deci nal 1
-- 1 checked
Syst em Over f| owExcepti on
++X --X
X
o] X
o] X
o] X
o]
X
o] X X static X
get set
o] X get
o] get
o] X set val ue
o]
++ -- 759 X++ X- - “ "X
++X - X 13 ” X X

operator ++ operator --

7.6.6
cast-expression

cast-exp ression:

(  type )  unary-expression

178
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(ME T type E  unary-expression

T 6.2

cast-expression

_y X
expression X -y
cast-expression
token 233
type expression
type
o “ (" identifier 24.1 literal
keyword 24.3
X y
X.y
X y
cast-expression (x)-y X
i nt cast-expressions
7.7
% + -
multiplicative-expression:
unary-expression
multiplicative-expression ~ *  unary-expression
multiplicative-expression /  unary-expression
multiplicative-expression %  unary-expression
additive-expression:
multiplicative-expression
additive-expression  +  multiplicative-expression
additive-expression —  multiplicative-expression
7.7.1
X *y
X y
int operator *(int x, int y);
uint operator *(uint x, uint y);
| ong operator *(long x, long y);
ul ong operator *(ulong x, ulong y);
checked
System Overf | owExcepti on unchecked

O Microsoft Corporation 1999-2008

E T

parenthesized-expression

7.24

cast-expression

cast-expression

cast-expression

(y  (x)(y)

() (-y)
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fl oat operator *(
doubl e operator *

float x, float y);
(doubl e x, double y);

IEEE 754 NaN
X y z X *y
z z

+y -y +0 -0 +00 —00 NaN

+X +z -z +0 -0 +00 —00 NaN
—X -z +z -0 +0 —00 +00 NaN
+0 +0 -0 +0 -0 NaN NaN NaN
-0 -0 +0 -0 +0 NaN NaN NaN
+00 +00 —00 NaN NaN +00 —00 NaN
—00 —00 +00 NaN NaN —0 +00 NaN
NaN NaN NaN NaN NaN NaN NaN NaN

deci mal operator *(decimal x, decimal y);

deci nal System Over f | owExcepti on
deci mal

Syst em Deci mnal

7.7.2
Xy 7.2.4
X y

int operator /(int x, int y);

uint operator /(uint x, uint y);

| ong operator /(long x, long y);

ul ong operator /(ulong x, ulong y);

Syst em Di vi deByZer oExcepti on
i nt | ong -1 checked
System Arithmeti cException unchecked

System Arithneti cExcepti on
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float operator /(float x, float y);
doubl e operator /(double x, double y);

| EEE 754 NaN
X y z xly
z z

+y -y +0 -0 +00 —00 NaN

+X +z A +00 —00 +0 -0 NaN
—X A +z —00 +00 -0 +0 NaN
+0 +0 -0 NaN NaN +0 -0 NaN
-0 -0 +0 NaN NaN -0 +0 NaN
+00 +00 —0 +00 —00 NaN NaN NaN
—o — +00 —00 +00 NaN NaN NaN
NaN NaN NaN NaN NaN NaN NaN NaN

deci mal operator /(decimal x, decimal y);

Syst em Di vi deByZer oExcepti on
deci mal System Over f | owExcept i on
deci mal

Syst em Deci mal

7.7.3
X %y 7.2.4
X y
int operator %int x, int y);
uint operator %uint x, uint y);
| ong operator %l ong x, long y);
ul ong operator %ul ong x, ulong y);
x %y x —(x1y)*y y
Syst em Di vi deByZer oExcepti on
i nt | ong -1
System Overf | owExcepti on xly X %y

fl oat operator %float x, float y);
doubl e operator % double x, double y);

O Microsoft Corporation 1999-2008
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NaN X
z X %y X —-n*y n x /'y

IEEE 754

n x /'y

+y -y +0 -0 +00 —00 NaN
+X +z +z NaN NaN X X NaN
—X A A NaN NaN —X —X NaN
+0 +0 +0 NaN NaN +0 +0 NaN
-0 -0 -0 NaN NaN -0 -0 NaN
+00 NaN NaN NaN NaN NaN NaN NaN
— NaN NaN NaN NaN NaN NaN NaN
NaN NaN NaN NaN NaN NaN NaN NaN

deci mal operator % deci mal x, decimal y);

Syst em Di vi deByZer oExcepti on

X
Syst em Deci nal
7.7.4
X +y 7.2.4
string
int operator +(int x, int y);
uint operator +(uint x, uint y);
| ong operator +(long x, long y);
ul ong operator +(ulong x, ulong y);
checked
System Overf | owExcepti on unchecked
fl oat operator +(float x, float y);
doubl e operator +(double x, double y);
IEEE 754 NaN
X y z X +y X
z X +y
ty
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y +0 -0 +00 —00 NaN
X z X X +00 —00 NaN
+0 y +0 +0 +00 —00 NaN
-0 y +0 -0 +00 —00 NaN
+00 +00 +00 +00 +00 NaN NaN
—oo —o —00 —00 NaN —00 NaN
NaN NaN NaN NaN NaN NaN NaN

deci mal operator +(decimal x, decinal

deci nal

Syst em Deci nal

E operator +(E x, Uy);
E operator +(U x, Evy);
(B((Yx + (Uy)
string operator +(string x, string y);
string operator +(string X, object y);
string operator +(object x, string vy);
string +
nul |
obj ect ToString
ToString nul |

usi ng System
cl ass Test
static void Nhin(? {

string s = nul
Consol e. WiteLine("s

int i = 1;
Consol e.WiteLine("i =" +1i);
float f = 1. 2300E+15F;
Consol e. WiteLine("f =" + f);
decimal d = 2.900m
Consol e.WiteLine("d =" + d);
}
}
nul |

Syst em Qut O Menor yExcept i on

O Microsoft Corporation 1999-2008

>|l + S + n <Il) .

System Over f | onExcepti on

11
11
11
11

di spl ays

di splays i

di spl ays
di spl ays

><

1

1. 23E+15

2.900
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D
D operator +(D x, Dy);
D +
nul |
nul | nul |
7.75 154
Syst em Del egat e operator +
7.7.5
X —y 7.2.4
X y
int operator —(int x, int y);
uint operator —(uint x, uint y);
| ong operator —(long x, long y);
ul ong operator —(ulong x, ulong y);
checked
System Overf | owExcepti on unchecked
fl oat operator —(float x, float y);
doubl e operator —(double x, double y);
IEEE 754 NaN
X y X -y X y
z X —y z X —y
y +0 -0 +00 —00 NaN
X z X X —00 +00 NaN
+0 -y +0 +0 —00 +00 NaN
-0 -y -0 +0 —00 +00 NaN
+00 +00 +00 +00 NaN +00 NaN
—00 —00 —00 —00 —00 NaN NaN
NaN NaN NaN NaN NaN NaN NaN
deci mal operator —(decimal x, decimal y);

deci nal

184

System Over f | owExcepti on
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Syst em Deci mnal

U operator —(E x, E y);
(Y ((Yx - (Vy)

E operator —(E x, UYy);
(B ((YUx —y)

D operator —(D x, Dy);

nul |
15.1

7.9.8

del egate void D(int Xx);

class C
public static void M(int i) { /*
public static void M(int i) { /*
cl ass Test
static void Main() {
D cdl = new D(C. M) ;
D cd2 = new D(C. M) ;
D cd3 = cdl + cd2 + cd2 + cdi;
cd3 -= cdil;
cd3 = cdl + cd2 + cd2 + cdi;
cd3 -= cdl + cd?;
cd3 = cdl + cd2 + cd2 + cdi;
cd3 -= cd2 + cd?;
cd3 = cdl + cd2 + cd2 + cdi;
cd3 -= cd2 + cdi;
cdil;

cd3 = cdl + cd2 + cd2 +
-= cdl + cdi;
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nul |

nul |

Lx

x]

~N N N N~~~
~N N N N~~~

1
\Y

=

=

=

2+ 2+ 2+ T+ ZH

=

40 4R 4R 4D 4R
T+ g+ 2+ 2+ g

+® B B B+

nul |

+ g+

+

+t& B B B B

%+
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7.8
<< >>
shift-expression:
additive-expression
shift-expression <<  additive-expression
shift-expression  right-shift  additive-expression
X << count X >> count 724
i nt
int operator <<(int x, int count);
uint operator <<(uint x, int count);
| ong operator <<(long x, int count);
ul ong operator <<(ulong x, int count);
<< X
X
int operator >>(int x, int count);
uint operator >>(uint x, int count);
| ong operator >>(long x, int count);
ul ong operator >>(ulong x, int count);
>> X
X i nt | ong X X
X 1
X ui nt ul ong X
X i nt ui nt count 5
count & Ox1F
X | ong ul ong count 6
count & Ox3F
X
checked unchecked

186
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>>

unchecked((int)((uint)x >>vy))
7.9

== = < > <= >= js as

relational-expression:

shift-expression

relational-expression <
relational-expression >
relational-expression <
relational-expression >
relational-expression is
relational-expression  as

equality-expression:
relational-expression
equality-expression ==
equality-expression ! =

>>

shift-expression

shift-expression
shift-expression
shift-expression

type
type

relational-expression
relational-expression

is as 7.9.10 7.9.11
= = < > <= >= (comparison operator) X 0py
op 7.2.4
bool
X == X y true fal se
x!=y X y true fal se
X<y X y true fal se
x>y X y true fal se
X <=y X y true fal se
X>=y X y true fal se
7.9.1
bool operator ==(int x, int y);
bool operator ==(uint x, uint y);
bool operator ==(long x, long y);
bool operator ==(ulong x, ulong y);
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bool operator !=(int x, int y);
bool operator !=(uint x, uint y);
bool operator !'=(long x, long y);
bool operator !=(ulong x, ulong y);
bool operator <(int x, int y);
bool operator <(uint x, uint y);
bool operator <(long x, long y);
bool operator <(ulong x, ulong y);
bool operator >(int x, int y);
bool operator >(uint x, uint y);
bool operator >(long x, long y);
bool operator >(ulong x, ulong y);
bool operator <=(int x, int y);
bool operator <=(uint x, uint y);
bool operator <=(long x, long y);
bool operator <=(ulong x, ulong y);
bool operator >=(int x, int y);
bool operator >=(uint x, uint y);
bool operator >=(long x, long y);
bool operator >=(ulong x, ulong y);
bool
fal se
7.9.2
bool operator ==(float x, float y);
bool operator ==(double x, double y);
bool operator !=(float x, float y);
bool operator !=(double x, double y);
bool operator <(float x, float y);
bool operator <(double x, double y);
bool operator >(float x, float y);
bool operator >(double x, double y);
bool operator <=(float x, float y);
bool operator <=(double x, double y);
bool operator >=(float x, float y);
bool operator >=(double x, double y);
IEEE 754
NaN = true
fal se xI=y (x ==y)
NaN < > <= >=
X y NaN
y fal se I(x >=y) true
NaN
—0 < —maX < ... < —-mn<-0.0 ==+0.0 < +nin < ... < +mAX < +®
m n max
o]
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7.9.3
bool operator ==(deci mal x, decimal y);
bool operator !=(decinal x, decimal y);
bool operator <(decimal x, decimal y);
bool operator >(decimal x, decimal y);
bool operator <=(decinal x, decimal y);
bool operator >=(decinal x, decimal y);
bool
true fal se Syst em Deci mal
7.9.4
bool operator ==(bool x, bool y);
bool operator !=(bool x, bool y);
X y true X y fal se == true
fal se
X y true X y fal se I = fal se
true bool = A
7.9.5
bool operator ==(E x, E vy);
bool operator !=(E x, E vy);
bool operator <(E x, E vy);
bool operator >(E x, E vy);
bool operator <=(E x, E y);
bool operator >=(E x, E y);
X opy X y U E op
((Yx) op ((Vy)
7.9.6

bool operator ==(object x, object y);
bool operator !=(object x, object y);
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obj ect
operator == operator !=
reference-type nul |
6.3.1
T T type-parameter nul |
A B A B
T nul | T
fal se
nul |
cl ass C<T>
void F(T x)
if (x == null) throw new Argurent Nul | Exception();
}
}
T x == nul | T
fal se
X ==y X l=y operator == operator !=
724
obj ect
usi ng System
cl ass Test
static void Main() {
string s = "Test";
string t = string. Copy(s);
Consol e.WitelLine(s ==1);
Consol e. WiteLine((object)s == 1t);
Consol e. WitelLine(s == (object)t);
Consol e. WiteLine((object)s == (object)t);
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True

Fal se

Fal se

Fal se

S t string True

string 7.9.7

Fal se obj ect

cl ass Test

static void Main() {

int i = 123;
int j = 123;
System Consol e. WiteLine((object)i == (object)j);

}

Fal se i nt
7.9.7
bool operator ==(string x, string y);
bool operator !=(string x, string y);
string
nul |
7.9.6
7.9.8

bool operator ==(System Del egate x,
bool operator !=(System Del egate x,

nul | nul |

151
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Syst em Del egate y);
Syst em Del egate y);
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anonymous-function-expressions

7.9.9 null
== I = null nul |
x == nul | null == x x !'= null nul | 1= x
X null 724
X HasVal ue I x. HasVal ue
x. HasVal ue
7.9.10is
is Eis T E
T E
E
E nul | E null
null false
D E
o D E
o] null D null
o] null D E
D T
o] true D T D
D T D D T
o] null D T true
o] null D T true
o] false
is
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7.9.11 as

as null
7.6.6 as
nul |
Eas T E T
null
E T 6.11 nul |
6.1.6 6.1.7 nul |
) 6.2.4 6.2.5
E T
E nul |
Eas T
EisT? (T(E : (Tnull
E Eas T
as
class X
public string F(object o) {
return o as string; /1 OK string is a reference type
}
public T G<T>(object o) where T: Attribute {
return o as T; /1 Ok, T has a class constraint
}
public U H<U>(object o) {
return o as U; /!l Error, Uis unconstrained
}
G T H U
H as
7.10
& » |

and-expression:
equality-expression
and-expression &  equality-expression

exclusive-or-expression:
and-expression
exclusive-or-expression ~  and-expression

O Microsoft Corporation 1999-2008

6.1.4
6.2.3

193



C#

X 0py

7.10.1

7.10.2

X opy

7.10.3

true

7.10.4

194

inclusive-or-expression:
exclusive-or-expression
inclusive-or-expression

op

int operator &int x, i
ui nt operator &(uint x,
| ong operator &(long X,
ul ong operator &(ul ong

int operator |(int X,
uint operator |(uint x,
| ong operator |(long X,
ul ong operator | (ul ong
int operator ~(int X,
ui nt oper at or A(Fint X,

| ong operator ~(long X,
ul ong operator ~(ul ong

XOR
E
E operator & E x, Evy);
E operator |(E x, EVY);
E operator ~"(E x, Evy);
X y

BE)Y(Yx op (Uy)

bool
bool
bool

oper ator &( bool
operator | (boo
operator ”(boo

X,
X,
X,

y true X &y

y true X |y

fal se
fal se

true y

null

null bool ?

| exclusive-or-expression

nt y);
ui nt
| ong

X,

nt y);
ui nt
| ong

X,

nt y);
ui nt
| ong

X,

AND

bool
bool
bool

X

y);
y);

y);
y);

y);
y);

y);
y);
y);

ul ong vy);

ul ong vy);

ul ong vy);

true

true

fal se

bool

true

7124
OR
E op
fal se
fal se

y true XNy

N | =
fal se nul |
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7.10.3

bool ? &
bool ? operator &(bool ? x, bool? y);
bool ? operator | (bool? x, bool? vy);
true false nul |
X y X &Yy X |y
true true true true
true fal se fal se true
true nul | nul | true
fal se true fal se true
fal se fal se fal se fal se
fal se nul | fal se nul |
nul | true nul | true
nul | fal se fal se nul |
nul | nul | nul | nul |
7.11
&& | | 13 ”
conditional-and-expression:
inclusive-or-expression
conditional-and-expression  && inclusive-or-expression
conditional-or-expression:
conditional-and-expression
conditional-or-expression | | conditional-and-expression
&& || & |
X && Yy X &Yy X fal se
||y X |y X true
X && 'y x|y 7.2.4
x &y x|y
7.104 7111
7.11.2
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7.11.1
&& [ bool operator &
operator | bool
X && 'y x ?2y: false X bool
X true y bool
fal se
||y X ? true : vy X bool
X true true y bool
7.11.2
&& [ operator & operator |
T
T T
AND R T
T operator true operator false
operator true operator fal se &&
|
X && 'y T.false(x) ? x : T.&X, Yy) T. fal se(x) T
operator fal se T. &(x, VY) operator &
X operator false X X
X y X y
operator &
x|y T.true(x) ?2 x : T.|](x, Vy) T.true(x) T
operator true T. (%, Yy) operator | X
operator true X X
X y X y
operator |
X y
operator true operator false 114.2
7.12
??
null-coalescing-expression:
conditional-or-expression
conditional-or-expression ~ ??  null-coalescing-expression
a??b a null a null
a??b a b a null b
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a??b??c

a ?? (b 2?2 c) E1 ?? E; ??..72 EN null
null null
a??b a??b
Ab A B a A b B b Ao A
A null A a??b
null
null b Ao Ao
a a null a Ao b
A
b A A a a
null a b A
b B Ao B B
a a null a Ay A Ay
B b b
a b
7.13
?:
conditional-expression:
null-coalescing-expression
null-coalescing-expression ~ ?  expression expression
b?x:vy b b true X
y X y
a?b:c?d: e a-?

b: (c?2d: e

?: bool oper at or
true
? X Y
X Y
X Y 6.1 Y X
Y
Y X 6.1 X Y
X
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b?x:vy
b b bool
o] b bool bool
o] b operator true bool
bool true X
y
7.14

(anonymous function)

lambda-expressions anonymous-method-
expressions lambda-expressions anonymous-method-expressions

lambda-expression:
anonymous-function-signature  =>  anonymous-function-body

anonymous-method-expression:
del egate explicit-anonymous-function-signature,,,  block

anonymous-function-signature:
explicit-anonymous-function-signature
implicit-anonymous-function-signature

explicit-anonymous-function-signature:
( explicit-anonymous-function-parameter-listo,: )

explicit-anonymous-function-parameter-list
explicit-anonymous-function-parameter
explicit-anonymous-function-parameter-list explicit-anonymous-function-parameter

explicit-anonymous-function-parameter:
anonymous-function-parameter-modifier,, ~ type  identifier

anonymous-function-parameter-modifier:
r ef
out

implicit-anonymous-function-signature:
(  implicit-anonymous-function-parameter-listoy: )
implicit-anonymous-function-parameter
implicit-anonymous-function-parameter-list
implicit-anonymous-function-parameter
implicit-anonymous-function-parameter-list implicit-anonymous-function-parameter
implicit-anonymous-function-parameter:
identifier
anonymous-function-body:

expression
block
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=)

lambda-expression

6.5

( param ) => expr

param => expr

anonymous-method-expression

out
X =>x + 1 [/ Inplicitly typed, expression body
x =>{ return x + 1; } [/ Inplicitly typed, statement body
(int x) =>x + 1 [/l Explicitly typed, expression body
(int x) => { return x + 1; } /1 Explicitly typed, statenment body
(X, y) =>x *y [/ Multiple paranmeters
() => Console. WiteLine() /1 No paraneters

del egate (int x) { return x + 1; } // Anonynous met hod expression
del egate { return 1 + 1; } [/l Parameter list omtted

lambda-expressions anonymous-method-expressions

anonymous-method-expressions

lambda-expressions anonymous-method-expressions

lambda-expression anonymous-method-expression

lambda-expressions expression anonymous-method-expression
4.6

7.14.1

anonymous-function-signature
anonymous-function-body 3.7 anonymous-method-body
33
anonymous-method-expression lambda-expression
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explicit-anonymous-function-signature

6.6 anonymous-
function-signature out
anonymous-function-signature
anonymous-function-signature

4.6
7.14.2

expression block

6.5

r ef out
r ef out

this this
this.x X X

7144 lambda-
expression anonymous-method-expression 7.145

goto br eak
conti nue

return
return lambda-expression anonymous-
method-expression 6.5

lambda-expression anonymous-method-expression
block

7.14.3
7423

class Itenlist<T>: List<T>

public int Sum({Func<T,int> selector) {
int sum = O;
foreach (T itemin this) sum+= selector(iten;
return sum

publ i ¢ doubl e Sun(Func<T, doubl e> sel ector) {
doubl e sum = O;
foreach (T itemin this) sum+= selector(iten);
return sum
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I tenli st<T> Sum sel ect or
i nt doubl e i nt doubl e
Sum
cl ass Detail

public int UnitCount;
public doubl e UnitPrice;

}

voi d Conput eSuns() {

Itenli st<Detail > orderDetails = GetOrderDetails(...);
int totalUnits = orderDetaiIs:ISun(d => d. Uni t Count);
ails

doubl e orderTotal = orderDet .Sum(d => d. UnitPrice * d. UnitCount);
}
orderDetail s. Sum Sum d=>
d. Uni t Count Func<Detai l , i nt > Func<Det ai | , doubl e>
Sum Func<Detail ,int> Func<Det ai | , doubl e>
orderDetail s. Sum Sum d=>
d. UnitPrice* d. Uni t Count doubl e Sum
7.14.4
lambda-expression anonymous-method-expression
(outer variable) this
7.14.4.1
(captured)
5.1.7

usi ng System
del egate int D();

cl ass Test
static D F() {
int x = 0;
Dresult = () => ++X;
return result;

static voi? Mai n() {

Dd=F();

Consol e. WiteLine(d());
Consol e. WiteLine(d());
Consol e. WiteLine(d());
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X X F
1
2
3
unsafe
fixed
7.14.4.2
(instantiated)
X
static void F() {
for (int i =0; i <3; i++) {
int x =i * 2+ 1;
}
}
X X
static void F() {
int x;
for (int i =0; i <3; i++) {
X =i * 2+ 1;
}
}

usi ng System
del egate void D();

cl ass Test
static O] F() {
D[] result = new D] 3];
for (int i =0; i <3; i++) {
int x =i * 2 + 1,
result[i] = () =>{ Console.WitelLine(x); };

return result;

static void Main() {
foreach (D d in F()) d();
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1
3
5
X
static O] F() {
O] result = new Df 3];
int x;
for (int i =0; i <3; i++) {
X =i * 2+ 1;
result[i] = () =>{ Console.WitelLine(x); };
return result;
}
5
5
5
for
static O] F() {
] result = new DO 3];
for (int i =0; i <3; i++) {
result[i] = () =>{ Console.WitelLine(i); };
}
return result;
}
3
3
3
F
static D] F() {
] result = new O 3]
int x = 0;
for (int i =0; i <3; i+ {
int y=0;
result[i] = () =>{ Console.WiteLine("{0} {1}", ++x, ++y); };
return result;
}
X y
11
21
31
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7.14.5

7.15

204

usi ng System
del egate void Setter(int value);
del egate int Getter();

cl ass Test
static void Min() {
int x = 0;
Setter s = (int value) =>{ x = value; };
Getter g = () =>{ return x; };
s(5);
Consol e. WiteLine(g());
s(10);
Consol e. WiteLine(g()):
}
}
X [
5
10
= new D(F)
E 6.5

(Query expression)
SQL Xquery

query-expression:
from-clause  query-body

from-clause:
from type,: identifier in  expression

query-body:
query-body-clauses,,  select-or-group-clause  query-continuationgy

query-body-clauses:
query-body-clause
query-body-clauses  query-body-clause

query-body-clause:
from-clause
let-clause
where-clause
join-clause
join-into-clause
orderby-clause

let-clause:
l et identifier =  expression

where-clause:
where  boolean-expression

O Microsoft Corporation 1999-2008



join-clause:

join types identifier in expression on expression equals expression

join-into-clause:

join type, identifier in expression on expression equals expression into identifier

orderby-clause:

orderby  orderings
orderings:

ordering

orderings ordering
ordering:

expression ordering-directiongy

ordering-direction:
ascendi ng
descendi ng

select-or-group-clause:
select-clause
group-clause

select-clause:

sel ect  expression

group-clause:

group expression by  expression
query-continuation:
into identifier  query-body
from sel ect gr oup from
from let where join or der by from
(sequence) (range variable) | et
wher e
join
or der by sel ect group
i nt O 113 ”
7.15.1
from where join on equals into let orderby ascending
descending select group by
13 f romidentifier!l 13 ;H 13 :H 13 ,H
‘@ 242
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7.15.2

C# “ ”
7.15.3

Wiere Select SelectMany Join GoupJoin OderBy O derByDescending

ThenBy ThenByDescendi ng G oupBy Cast

7.153
C#
C#
(transparent identifier) *
7.15.2.7
7.15.2.1 select GroupBy
from.. into X..
fromx in ( from...)
into
fromc in custoners
group ¢ by c.Country into g
sel ect new { Country = g.Key, CustCount = g.Count() }
fromg in
fromc in custoners
group ¢ by c.Country
sel ect new { Country = g.Key, CustCount = g.Count() }

cust omers.
G oupBy(c => c. Country).
Select(g => new { Country = g.Key, CustCount = g.Count () })

7.15.2.2
from

fromT xXine
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fromxin (e) . Cast <T > ()
join

join T xin e on k; equals k;

joinxin (e) . Cast <T > () on k; equals ky

from Custoner ¢ in customers
where c.City == "London"
sel ect ¢

fromc in custoners. Cast <Customner >()
where c.City == "London"
sel ect c

cust oners.
Cast <Cust oner >().
Wiere(c => c.City == "London")

| Enuner abl e

| Enurrer abl e<T> custoners

7.15.2.3

Sel ect

fromX in e select X

(e) . Select ( x =>x)

fromc in custoners
sel ect c

custoners. Sel ect (c => ¢)

Sel ect
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7.15.2.4 from let where join orderby
from sel ect

fromxXx; in e
fromX, in e
sel ect Vv

(e ) . SelectMany( X3 => €, ( X1, Xo) => V)
from sel ect

fromx; in e
fromX, in e

from* in (e ) . SelectMany( X3 => €, ( X1, X2) =>new{ X3, X } )

| et

fromx in e
let y =f

from* in( e) . Select ( x=>new{ x, y=1f})

wher e

fromXx in e
where f

fromxin (e) . Were ( x =>1)

join into sel ect

fromxXx, in e
join X, in e on k; equals k;
sel ect Vv

(€e) . Join( &, X1=>ki, x=>k, ( X¢, %) =>V)
join into sel ect

fromxXx; in e
join X, in e on k; equals k;
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from* in ( e ) . Join(
B, X => K, Xo=>ky, ( X3, X2) =>new{ Xy, X2 })

join into sel ect

fromx; in e
join X, in e on k; equals k, into g
sel ect v

(€e1) . Gouploin( &, X3 => Kk, Xo=>k, ( X2, ) =>V)
join into sel ect

fromxXx; in e
join X, in e on k; equals k, into g

from* in ( e ) . GoupJdoin(
&, x1=>k , X2=>k, (x, g)=>new{ X, g})

or der by

fromXx ine
orderby ki , ky, ..., kj

fromxin ( e) .
OrderBy ( x => ky )
ThenBy ( X => k; )

ThenBy ( X => k, )
descendi ng O der ByDescendi ng

ThenByDescendi ng

et where join or der by
from

fromc in custoners
fromo in c. Orders
sel ect new { c.Name, o.OrderlD, o.Total }

cust omers.
Sel ect Many(c => c. Orders,
(c,0) => new { c.Nanme, o0.OrderlD, o.Total }

O Microsoft Corporation 1999-2008 209



C#

210

fromc in custoners

fromo in c.Oders

orderby o. Total descendi ng

sel ect new { c.Name, o.OrderlD, o.Total }

from* in custoners.

Sel ect Many(c => c.Orders, (c,0) =>new{ ¢, 0 })
orderby o. Total descendi ng
select new { c.Nane, o.Order|D, o.Total }

cust oners.

Sel ect Many(c => c.Orders, (c,0) =>new{ c, 0 }).

O der ByDescendi ng(x => x.o0.Total).

Sel ect (x => new { x.c.Nane, x.o0.OrderlID, x.o.Total })

fromo in orders

let t = o.Details.Sun(d => d.UnitPrice * d.Quantity)
where t >= 1000

select new { o.OrderI D, Total =1t }

from* in orders.
Select(o =>new{ o, t = o.Details.Sunm(d => d.UnitPrice *
d. Quantity) })
where t >= 1000
select new { o.OrderI D, Total =1t }

or ders.

Select(o => new{ o, t = o.Details.Sum(d => d.UnitPrice * d. Quantity) }).
Where(x => x.t >= 1000).

Select(x => new { x.o0.OderlID, Total = x.t })

fromc in custoners
join o in orders on c.Custonerl D equals o.CustonerlD
sel ect new { c.Name, o.OrderDate, o.Total }

customers. Joi n(orders, ¢ => c.Custonerl D, o => o. Custonerl| D,
(c, 0) => new { c.Narme, o.OrderDate, o.Total })

fromc in custoners

join o in orders on c.Customerl D equals o.CustonerlDinto co
et n = co.Count ()

where n >= 10

sel ect new { c.Name, OrderCount = n }

O Microsoft Corporation 1999-2008



from* in custoners.
G oupJoin(orders, ¢ => c.Custonerl D, o => o. Custonerl D,
(c, co) =>new{ c, co })
let n = co.Count ()
where n >= 10
sel ect new { c.Name, OrderCount = n }

cust oners.

G oupJoin(orders, ¢ => c.Custonerl D, o => o. Custonerl D,
(c, co) =>new{ c, co }).

Select(x => new { X, n = x.co.Count() }).

Wiere(y => y.n >= 10).

Select(y => new { y.x.c. Nane, OrderCount = y.n)

X y
fromo in orders

orderby o. Customer. Nane, o.Total descending
select o

or ders.
OrderBy(o => o. Custoner. Nane) .
ThenByDescendi ng(o => o. Total)

7.15.2.5 select

fromX in e select Vv

(e) . Select ( x =>Vv)

v X

(e)

fromc in custoners.Were(c => c.City == “London”)
select ¢

custoners. Wiere(c => c.City == “London”)

7.15.2.6 GroupBy

fromx in e group v by k

(e) . GoupBy ( x ==k, x => V)
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v X
(e) . GoupBy ( x => k)

fromc in custoners
group c.Nane by c. Country

cust omers.
G oupBy(c => c.Country, c => c. Nane)

7.15.2.7

212

(transparent identifier) *

C#

fromc in custoners

fromo in c.Oders

orderby o. Total descendi ng

sel ect new { c.Name, o.Total }

from* in custoners.

Sel ect Many(c => c.Orders, (c,0) =>new{ c, 0 })
orderby o. Total descendi ng
sel ect new { c.Name, o.Total }

cust omers.

Sel ect Many(c => c. Orders, (c,0) =>new{ c, 0 }).
O der ByDescendi ng(* => o.Total ).

Select(* => new { c.Nanme, o.Total })

cust omers.

Sel ect Many(c => c.Orders, (c,0) =>new{ c, 0 }).
O der ByDescendi ng(x => x.o0. Total).

Sel ect (x => new { x.c.Nane, x.o.Total })
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fromc in custoners

join o in orders on c.CQustorer| D equals o.Customer|D
Joindin details on o.OrderID equals d. OrderlD
join p in products on d. ProductlD equal s p.ProductlD
sel ect new { c.Name, o.OrderDate, p.ProductNane }

from* in custoners.

Join(orders, ¢ => c.Custonerl D, o => o. CustonerlD,
(c, o) =>new{ c, 01})
d in details on o.OrderID equals d. Orderl D
p in products on d. ProductlD equal s p.ProductlD
t new { c.Name, o.OrderDate, p.ProductNane }

[——

in
in
sel ec

cust omers.

Join(orders, ¢ => c.CustonerlD, o => o.CustonerlD, (c,

o})

Joi n(details, * => 0.OderID, d => d.OderlD, (*, d =>new{ *, d})
Joi n(products, * => d.ProductlD, p => p.ProductlD, (*,

P}).
Sel ect(* => new { c.Nanme, o.OderDate, p.ProductNanme })

cust omers.

Join(orders, ¢ => c.CustonerlD, o => o. Custonerl D,
(c, o) =>new{ c, o0 }).

Join(details, x => x.0.0OrderID, d => d. Orderl D,
(x, d =>new{ x, d}).

Joi n(products, y =>y.d. ProductlD, p => p.Productl| D,
y, p) =>new{ vy, p}).

(
Select(z => new { z.y.x.c.Nane, z.y.x.o.OderDate, z.p.ProductNane })

Xy z

7.15.3

(Query expression pattern)

C<T>

del egate R Func<Tl, R>(T1 argl);
del egate R Func<Tl, T2, R>(T1 argl, T2 arg2?);
class C

public C<T> Cast<T>();

class C<T> : C

public C<T> Wher e( Func<T, bool > predi cate);
public C<U> Sel ect <U>( Func<T, U> sel ector);
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public C<V> Sel ect Many<U, V>( Func<T, C<U>> sel ector,
Func<T, U, V> resul t Sel ect or);

public C<V> Joi n<U, K, V>( C<U> i nner, Func<T, K> out er KeySel ect or,
Func<U, K> i nner KeySel ect or, Func<T, U, V> result Sel ector);

public C<V> G oupJoin<U, K, V>(C<U> inner, Func<T, K> outerKeySel ector,
Func<U, K> i nner KeySel ect or, Func<T, C<U>, V> result Sel ector);

public O<T> OrderBy<K>(Func<T, K> keySel ector);
public O<T> OrderByDescendi ng<K>( Func<T, K> keySel ector);
public C<GK, T>> G oupBy<K>( Func<T, K> keySel ector);

public C<GK, E>> G oupBy<K, E>( Func<T, K> keySel ect or,
Func<T, E> el enent Sel ector);

}
class O<T> : C<T>

public O<T> ThenBy<K>( Func<T, K> keySel ector);
publ ic O<T> ThenByDescendi ng<K>( Func<T, K> keySel ector);

class &K, T> : CT>

public K Key { get; }

Func<Tl, R> Func<Tl, T2, R>

C<T> o<T> ThenBy ThenByDescendi ng
O der By O der ByDescendi ng G oupBy
Key
Syst em Li nqg System Col | ecti ons. Generi c. | Enuner abl e<T>
7.16
assignment:

unary-expression  assignment-operator  expression
assignment-operator:

+=

* =

/ =

%

&=

| =

N=

<<=
right-shift-assignment
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= (simple assignment operator)

108.1
7.16.1
= (compound assignment operator)
7.16.2
+= -= event assignment operators
7.16.3
a=b=c a=(0b-=
c)
7.16.1
set
X =y
X
o] X
o] y 6.1 X
o] X reference-type y
X y nul | y
X 6.16
System ArrayTypeM smat chExcepti on
o vy X
X
o] X X static X
set
o] y 6.1 X
o] X set y val ue
B A 125 Al]
B[] reference-type
string[] sa = new string[10];
object[] oa = sa;
oa[0] = null; I
oa[1l] = "Hello"; I
oa[2] = new ArraylList(); /1 ArrayTypeM smat chExcepti on
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System ArrayTypeM smat chExcepti on ArraylLi st
string[]

struct-type
754

struct Poi nt

int x, vy;

public P0|nt(|nt X, int y) {
this.x = x;
this y=y;

}

public int X {
get { return x; }
set { x = value; }

}

public int Y {
get { returny; }
set { y = value; }

}
struct Rectangl e
Poi nt a, b;
public Rectangl e(Point a, Point b) {
this.a = a;
this.b = b;
}

public Point A {
get { return a; }
set { a = value; }

public Point B {
get { return b; }
set { b = value; }

—

>

IIIIQJIIII""

= new Poi nt () ;

e r = new Rectangl e();

0
OO
I
ew Poi nt (10, 10);

S ZOT D
W>0 <X
'CD(Q = ~PT

p.X p.Y r.A r.B

©
—+ =

<X <X

ngle r = new Rectangle();
10;
10;
100;
100;

—1—1—1—1g

Wm>>0
nnna

>
w
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7.16.2
X op=y 7.2.4 X op
y
“ K X X =X 0py
X
13 ” X
y u » X X = (T)(X
op vy) T X X
1] ” X opy X
X A [B()] += ) A
int[] B C i nt A B C
get
set
xop=y x=(T)(x opy)
sbyte byte short ushort char
i nt
7.26.2
X 0py X =y X 0p=vy
byte b = 0;
char ch = '\0";
int i =0;
b += 1; IO
b += 1000; /1 Error, b = 1000 not pernitted
b +=1i; [/ Error, b =1 not permtted
b += (byte)i; /1 Ok
ch += 1; [/ Error, ch =1 not permtted
ch += (char) 1; /1 Ok
int? i = 0;
i += 1; 11
+(int?,int?)
7.16.3
+= -=
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+= add -= renpve

statement-expression 8.6

7.17
expression non-assignment-expression assignment

expression:
non-assignment-expression
assignment

non-assignment-expression:
conditional-expression
lambda-expression
query-expression

7.18

constant-expression

constant-expression:
expression

nul | sbyte byte short wushort int
uint long ulong char float ouble decimal bool string

nul |
const
const
checked unchecked
+ — 1 -
+ = * | % << > & | M & || = 1= < > <=
>=
?:
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Null
Null

class C{

const object i =5; [// error: boxing conversion not permtted

const object str

[ Null str
unchecked
7.18
10.4
14.3
swi tch case 8.7.2
got o case 8.9.3
75104
17
6.1.8
sbyte byte short wushort uint ul ong
7.19
boolean-expression bool
operator true
boolean-expression:
expression
if-statement 8.7.1 while-statement 881 do-statement 8.8.2
statement 8.8.3 boolean-expression  ?:
boolean-expression
conditional-or-expression
boolean-expression bool operator true

O Microsoft Corporation 1999-2008

7.13

“hello”; // error: inplicit reference conversion

for-
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bool operator true
operator true bool
1142 DBBool operator true operator false
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C# C C++

statement:
labeled-statement
declaration-statement
embedded-statement

embedded-statement:
block
empty-statement
expression-statement
selection-statement
iteration-statement
jump-statement
try-statement
checked-statement
unchecked-statement
lock-statement
using-statement
yield-statement

embedded-statement
statement

void F(bool b) {
if (b)
int i = 44;
}
if if
[

8.1
(end point)

(unreachable)
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labeled

embedded-statement

(reachable)

embedded-statement

statement
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voi d F()
Consol e. WiteLine("reachabl e");
got o Label ;
Consol e. WiteLine("unreachabl e");
Label :
Consol e. WiteLine("reachabl e");

}

Consol e. Wi teLi ne

void F() {
const int i = 1;

7.18

if (i == 2) Console.WiteLine("unreachable");

if ==

fal se Consol e. Wi teLi ne

void F() {
int i = 1;

if (i == é) Consol e. Wit elLi ne("reachabl e");

Consol e. WiteLine
block

void F(int x) {
Consol e. WiteLine("start");
if (x <0) Console.WitelLine("negative");
Consol e. Wi teLine
Consol e. Wi teLine
Consol e. Wi teLine
i f Consol e. Wi teLine

Consol e. Wi teLi ne
fal se

switch switch "

br eak

222

switch
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8.2
block
block:
{ statement-listy
block
8.5
yield
10.14
return
8.2.1

(statement list)
switch-blocks 8.7.2

statement-list;
statement

return

}

statement-list

8.14

statement-list  statement
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18.1

821

7521

block

yield return

blocks

goto

8.2
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8.3
empty-statement
empty-statement:

whil e
bool ProcessMessage() {...}

voi d ProcessMessages() {
whi | e (ProcessMessage())

}
113 }H
void F() {
if (done) goto exit;
exit: ;
}
8.4
labeled-statement
labeled-statement:
identifier statement
identifier
goto 8.9.3 goto
int F(int x) {
if (x >=0) goto x;
X = -X;
X: return Xx;
}
X
goto finally
finally goto

224

goto
try
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8.5

declaration-statement

declaration-statement:
local-variable-declaration ;
local-constant-declaration

8.5.1
local-variable-declaration

local-variable-declaration:
local-variable-type  local-variable-declarators

local-variable-type:
type
var

local-variable-declarators:
local-variable-declarator

local-variable-declarators | local-variable-declarator
local-variable-declarator:

identifier

identifier = local-variable-initializer

local-variable-initializer:
expression
array-initializer

local-variable-declaration local-variable-type
var local-variable-declarators
local-variable-declarator identifier
identifier ‘o= local-variable-initializer
local-variable-type var var

(implicitly typed local variable declaration)

local-variable-declaration local-variable-declarators
local-variable-declarator local-variable-initializer
local-variable-initializer expression
expression
expression
var Xx; /1 Error, no initializer to infer type from
var y = {1, 2, 3}; /1 Error, array initializer not permtted
var z = null; /1 Error, null does not have a type
var u =x =>x + 1; [/ Error, anonynous functions do not have a type
var v = v+ /1 Error, initializer cannot refer to variable itself
simple-name 752 assignment 7.16
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53

local-variable-declaration local-
variable-declarator

void F() {
int x =1, y, z =x * 2
}

void F() {
int x; x 1;
int vy;
int z; z =x * 2;

var i 5;

var s "Hel | o";

var d 1.0;

var nunbers = new int[]
var orders = new Diction

{1, 2, 3};
ary<int, O der>();

int i =5;

string s = "Hell 0";

double d = 1.0;

int[] numbers = newint[] {1, 2, 3};

Di ctionary<int,Oder> orders = new Dictionary<int,Oder>();

8.5.2
local-constant-declaration

local-constant-declaration:
const  type constant-declarators

constant-declarators:
constant-declarator
constant-declarators constant-declarator

constant-declarator:
identifier = constant-expression

local-constant-declaration type constant-
declarators constant-declarator identifier

= constant-expression 7.18
type constant-expression 104

simple-name 75.2
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8.6
expression-statement

exp ression-statement:
statement-expression ;

statement-expression:
invocation-expression
object-creation-expression
assignment
post-increment-expression
post-decrement-expression
pre-increment-expression
pre-decrement-expression

expression-statement
exp ression-statement

8.7
selection-statement:
if-statement
switch-statement
8.7.1if
i f
if-statement:
if (  boolean-expression
if (  boolean-expression
el se

if (x) if (y) F(); else );

boolean-expression 7.19

O Microsoft Corporation 1999-2008

constant-declarator

)(+y X ==

embedded-statement
embedded-statement el se

i f

exp ression-statement

embedded-statement

i f
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true
if
fal se el se
i f
fal se el se i f
i f fal se i f
i f true i f
i f i f
el se i f i f true
i f
8.7.2 switch
switch switch switch

switch-statement:
switch ( expression )  switch-block

switch-block:
{  switch-sectionsgy  }

switch-sections:
switch-section
switch-sections  switch-section

switch-section:
switch-labels  statement-list

switch-labels:
switch-label
switch-labels  switch-label
switch-label:
case  constant-expression
def aul t
switch-statement switch switch
switch-block  switch-block switch-sections switch-section
switch-labels statement-list 8.2.1
swi tch (governing type) switch
sw tch sbyte byte short wushort int uint long ulong bool
char string enumtype nul |
sw tch
swtch
6.4 sbyte byte short wushort int uint long ulong char string

nul |
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switch
swi tch
switch

swi tch
case

swi tch
def aul t

swi tch
def aul t

switch

switch (i) {

case O:
CaseZero();
br eak;

case 1:
CaseOne();
br eak;

def aul t:
CaseQt hers();
br eak;

switch (i) {
case O:

CaseZero();
case 1:

CaseZer oOr One();

defaul t:
CaseAny();

got o case goto default

switch (i) {
case O:
CaseZero();
goto case 1;
case 1:

CaseZer oOr One();

goto default;
def aul t:

CaseAny() ;

br eak;

}

def aul t

case

case
def aul t

case
swi tch

switch
switch

switch
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switch

switch

switch

C C++ switch

switch
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switch-section

t hrow new Argumrent Exception();

switch (i) {
case O:
CaseZero();
br eak;
case 1:
CaseOne();
br eak;
case 2:
def aul t:
CaseTwo() ;
br eak;
}
section
{3 ” C
swi tch
swi tch
switch (i) {
def aul t:
CaseAny();
br eak;
case 1:
CaseZer oOr One();
goto default;
case O:
CaseZero();
goto case 1;
}
switch
whi | e
switch (i) {
case O:
while (true) F();
case 1:
case 2:
return;
230

switch

break goto case

t hr ow

case 2:

br eak

goto default

return

defaul t:

true
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swi tch string

voi d DoComand(string comrand)

swi tch (command. ToLower()) {

case "run":
DoRun() ;
br eak;
case "save":
DoSave();
br eak;
case "quit":
DoQui t ();
br eak;
def aul t:
I nval i dConmand( conmand) ;
br eak;
}
}
7.9.7 switch switch
case switch
switch string nul | case
switch-block statement-lists 8.5 switch
switch
switch 7521
sw t ch switch
switch
switch switch case
switch case switch def aul t
switch switch got o case got o def aul t
switch
swi tch br eak swi tch
swi tch switch def aul t
switch switch case
def aul t

8.8

iteration-statement:
while-statement
do-statement
for-statement
foreach-statement

O Microsoft Corporation 1999-2008
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8.8.1 while
whi | e

while-statement:
while (  boolean-expression )  embedded-statement

whi | e
boolean-expression 7.19
true
conti nue whi | e
fal se whi | e
whil e br eak 8.9.1 whil e
conti nue 8.9.2
whi | e
whi | e fal se whi | e
whil e
whi | e br eak whi | e
whi | e true
8.8.2do
do

do-statement:
do embedded-statement while (  boolean-expression )

do
conti nue
boolean-expression 7.19 true do
do
do br eak 89.1 do
conti nue 8.9.2
do do
do
do br eak do

true
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8.8.3 for

f or

for-statement:
for (
statement

for-initializers,y ;  for-conditioney

for-initializer:
local-variable-declaration
statement-expression-list

for-condition:
boolean-expression

for-iterator:
statement-expression-list

statement-expression-list:
statement-expression

statement-expression-list ,  statement-expression

for-initializer local-variable-declaration 8.5.1
statement-expressions 8.6 for-initializer
local-variable-declarator

for-condition boolean-expression 7.19

for-iterator statement-expressions

for-initializer

for-condition

for-condition true
conti nue

for-condition

for-condition fal se for

for br eak 8.9.1

conti nue 8.9.2

for-iterator for-condition for

for
for for-condition
for for-condition

for

for br eak for
for for-condition
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for-iteratorey: )

embedded-

for-condition for-iterator

8.6 for

for-iterator

for

fal se

true
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8.8.4 foreach
f or each

foreach-statement:
foreach (local-variable-type identifier in expression )  embedded-statement

f oreach type identifier (iteration variable) local-variable-
type var (implicitly typed iteration
variable) f oreach
foreach
++ -- r ef
out
foreach (collection type) (enumerator type)

(element type)

expression X X System Col | ecti ons. | Enurrer abl e
System Array (collection type)

Syst em Col | ecti ons. | enuner abl e (enumerator type)
Syst em Col | ecti ons. | enuner at or (element type) X

X Get Enurrer at or
0] Get Enuner at or X
o]
0] Get Enunrer at or E
0] Current E
o] MoveNext E
o]

bool

0 (collection type) X (enumerator type) E (element

type) Cur rent
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6.2

T X
System Col | ecti ons. Generi c. | Enuner abl e<T> (collection type)

(enumerator type)
System Col | ecti ons. Generi c. | Enuner at or <T> (element type) T

T
X System Col | ecti ons. | Enuner abl e
(collection type) (enumerator type)
Syst em Col | ecti ons. | Enuner at or (element type) obj ect
C E T foreach

foreach (V v in x) embedded-statement

{
Ee = ((Q(x)).GetEnunerator();
try {
V v;
while (e. MoveNext()) {
v = (V)(T)e.Current;
embedded-statement
}
'
finally {
...I'l Dispose e
}
}
X v
T Vv foreach local-variable-type
X nul |
Syst em Nul | Ref er enceExcepti on
foreach

finally
E System | Di sposabl e
E null finally
finally {
((System | D sposabl e) e). D spose();
finally
finally {

if (e!=null) ((System |IDi sposable)e).Di spose();

E e System | Di sposabl e
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E finally
finally {
}
finally
finally {
System | Di sposable d = e as System | Di sposabl e;
if (d!=null) d.Dispose(
}
d finally
foreach 0
Length — 1

usi ng System

cl ass Test
static void Main() {
doubl e[,] values = {
{1.2, 2.3, 3.4, 4.5},
{5.6, 6.7, 7.8, 8.9}

foreach (doubl e el emrentVal ue i n val ues)
Console.Wite("{0} ", el enentValue);

Consol e. WiteLine();

1.2 2.3 3.44.55.66.77.88.9

int[] numbers = { 1, 3, 5, 7, 9 };
foreach (var n in nunbers) Console. WiteLine(n);

n i nt nunbers

8.9

jump-statement:
break-statement
continue-statement
goto-statement
return-statement
throw-statement

(target)
(exit)
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try try
try
finally try
try finally finally
try finally try finally

usi ng System
cl ass Test

static void Min() {
while (true) {

try {
try {
Consol e. WiteLine("Before break");
br eak;
}
finally {
Consol e. WiteLine("Innernost finally block");
}
finally {
Consol e. WiteLine("Quternost finally block");
}
Consol e. WiteLine("After break");
}
try finally
Bef ore break
I nnernmost finally block
Quternost finally block
After break
8.9.1 break
br eak switch while do for foreach
break-statement:
break ;
br eak switch while do for foreach
br eak switch while do for foreach
switch while do for foreach br eak
goto 8.9.3
br eak finally 8.10 br eak finally
br eak finally

br eak
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br eak finally try
try finally finally
try finally try finally
br eak
br eak br eak
8.9.2 continue
conti nue while do for f oreach
continue-statement:
conti nue ;
conti nue while do for f or each
conti nue while do for foreach
while do for foreach conti nue
goto 8.9.3
conti nue finally 8.10 conti nue finally
continue finally
conti nue
continue finally try
try finally finally
try finally try finally
conti nue
conti nue conti nue
8.9.3 goto
goto
goto-statement:
goto identifier ;
goto case constant-expression
goto default ;
got o identifier
goto goto

usi ng System

cl ass Test
static void Main(string[] args) {
string[,] table ={
{"Red", "Blue", "Geen"},
{"Monday", "Wednesday", "Friday"}

238
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foreach (string str in args) {
int row, colm
for (row = 0; row <= 1; ++row)
for (colm= 0; colm<= 2; ++colm

if (str == table[row, col M)
got o done;
Consol e. WiteLine("{0} not found", str);
conti nue;
done:
Consol e. WiteLine("Found {0} at [{1}][{2}]", str, row, colm;
}
}
goto
got o case switch 8.7.2 switch
case goto case swi tch
constant-expression 6.1 switch
switch case
goto default switch 8.7.2 switch
def aul t goto default switch
swi tch def aul t goto finally
8.10 got o finally got o
finally
goto
goto finally try
try finally finally
try finally try finally
goto
goto goto
8.9.4 return
return return
return-statement:
return  expressiong: ;
return voi d
set add renove
return void
get 6.1
return finally 8.10
return
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return
return
try finally
try finally
return
8.9.5 throw

t hr ow

throw-statement:
t hr ow

t hr ow

Syst em Excepti on

Syst em Excepti on

eXpressiongy

Syst em Nul | Ref er enceExcepti on

t hr ow

t hr ow

(exception propagation)
catch

(o] S try
cat ch
catch
o
S finally
240

finally try
finally
try finally
return
Syst em Excepti on
nul |
cat ch catch
t hr ow
try catch
(throw point)
try S try
try
S cat ch
catch 8.10
cat ch cat ch
catch S try catch
finally finally
finally
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8.10 try

try
try

try-statement:
try block catch-clauses
try block finally-clause

try block catch-clauses finally-clause

catch-clauses:
specific-catch-clauses
specific-catch-clausesqy

general-catch-clauseqy
general-catch-clause

specific-catch-clauses:
specific-catch-clause
specific-catch-clauses

specific-catch-clause:
catch ( class-type

general-catch-clause:
catch  block

specific-catch-clause

identifierss ) block

finally-clause:
finally block
try
try catch
try finally
try catch finally
cat ch class-type Syst em Excepti on

Syst em Excepti on

try

Syst em Excepti on

cat ch class-type identifier
(exception variable) catch cat ch
catch catch
catch catch try
catch catch
Syst em Excepti on C#
catch catch
Syst em Exception
catch catch
try catch
catch

catch t hrow 8.9.5 catch
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usi ng System
cl ass Test

static void F() {
try {
q .

catch (Exception e)

Consol e. WiteLine("Exception in F: " + e.Message);

e = new Exception("F");

t hr ow; /1 re-throw
}
static void ) {
t hr ow new Exception("G');
}
static void Main() {
try {
F();
catch (Exception e) {
Consol e. WiteLi ne("Exception in Main: " + e.Message);
}
}
}
F
Exception in F: G
Exception in Main: G
catch e
Exception in F: G
Exception in Main: F
break continue goto finally br eak
conti nue goto finally finally
return finally
try
try
try
0] try finally finally
o] try
try try
o] cat ch
cat ch catch
catch
catch
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catch
cat ch
0] try finally finally
o] try
try catch
0] try finally finally
o try
o] try catch catch
try finally finally
try
finally try
break continue goto return
finally finally
try
t hr ow 8.95
try try try
try try catch
try try finally
try
try catch
finally finally
8.11 checked unchecked
checked unchecked
context)
checked-statement:
checked  block
unchecked-statement:
unchecked  block
checked block
checked unchecked checked unchecked
8.12 lock
| ock
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try

(overflow checking

unchecked

7512
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lock-statement:
lock (  expression )  embedded-statement

| ock reference-type | ock
6.1.7 value-type
| ock
l ock (x)
X reference-type
Syst em Thr eadi ng. Moni t or . Ent er (x) ;
try {
finally {

Syst em Thr eadi ng. Moni tor . Exi t (x);

Syst em Type

cl ass Cache

private static object synchronizationCbject = new object();

public static void Add(object x) {
| ock (Cache. synchronizationObject) ({

}
}

public static void Renpve(object x) {
| ock (Cache. synchronizationObject) ({

}
}
}

8.13 using
usi ng

using-statement:
using ( resource-acquisition ) embedded-statement

resource-acquisition:
local-variable-declaration

expression
(resource) System | Di sposabl e Di spose
Di spose
Di spose
resource-acquisition local-variable-declaration local-variable-declaration
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System | Di sposabl e System | Di sposabl e resource-

acquisition expression Syst em | Di sposabl e
System | Di sposabl e

resource-acquisition

++ -- r ef
usi ng finally
try finally nul | Di spose

usi ng
usi ng (ResourceType resource = expression) statenent

Resour ceType
{ :
Resour ceType resource = expression;
try {
st at enent ;
}
finally {
((1 Di sposabl e) resource). D spose();
}
Resour ceType
{ :
Resour ceType resource = expression;
try {
st at enent ;
}
finally {
if (resource != null) ((IDi sposable)resource). Dispose();
}
resour ce
using
usi ng
usi ng (expression) statement
Resour ceType expr essi on
resource
resource-acquisition local-variable-declaration
usi ng
usi ng (ResourceType rl = el, r2 = e2, ..., rN=eN statenent
usi ng
usi ng (ResourceType rl1 = el)
usi ng (ResourceType r2 = e2)
"'using (ResourceType rN = eN)

st at ement
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| og. t xt

usi ng System
using System |G

cl ass Test

static void Main() {

using (TextWiter w= File.CreateText("log.txt")) {
w. WiteLine("This is line one");
w. WiteLine("This is line two");

usi ng (Text Reader r = File.OpenText("log.txt")) {
string s;
while ((s = r.ReadLine()) !'=null) {
Consol e. WiteLine(s);

}
}
}
}
Text Witer Text Reader | Di sposabl e usi ng

8.14 yield
yield 8.2 10.14.4

10.14.5

yield-statement:
yield return expression
yield break

yield return br eak
yield
yield
yield method-body operator-body accessor-body
yield
yield try finally
yield return catch try
yield

del egat e | Enuner abl e<i nt> D();
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| Enurrer at or<i nt > Get Enunerator () {

try {
yield return 1;
yi el d break;
}
finally {
yield return 2;
yi el d break;
try {
yield return 3;
yi el d break;
catch {
yield return 4;
yi el d break;
}

D d = del egate {
yield return 5;

}

int MyMethod() {
yield return 1;

yield return

yield return

finally
MoveNext
MoveNext
yi el d break
yi el d break
try finally
try finally
yi el d break
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/1
/1

~
~

~
~

~
~

/1

/1

yield return

Gk
Gk
Error, yield in finally
Error, yield in finally
Error, yield return in try...catch
Gk
Error, yield return in try...catch
Gk
Error, yield in an anonynous function
Error, wong return type for an iterator bl ock
6.1 10.14.3
Current
try
true
finally try
finally
try finally
MboveNext Di spose
yi el d break
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C# 13 ” 113 ”
using 94
9.1
compilation-unit using-
directives global-attributes namespace-member-declarations
compilation-unit:
extern-alias-directives,,;  using-directives,y global-attributes,y
namespace-member-declarationsep
C# Ct
using-directives global-attributes namespace-member-declarations
global-attributes 17
namespace-member-declarations “ 8
A cs
class A {}
B.cs
class B {}
A B
9.2
namespace-declaration nanmespace

namespace-declaration:

namespace  qualified-identifier ~ namespace-body ;o
qualified-identifier:

identifier

qualified-identifier . identifier
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namespace-body:
extern-alias-directivesyp using-directivesypt namespace-member-declarationsy
p p p

namespace-declaration compilation-unit
namespace-declaration namespace-declaration compilation-unit
namespace-declaration namespace-
declaration
public
namespace-body using-directives

namespace-member-declarations
using-directives

namespace-declaration qualified-identifier

namespace NL. N2

class A {}
class B {}

namespace NL
namespace N2

class A {}
class B {}

33

namespace NL. N2

class A {}

namespace NL1. N2

class B {}

NL. N2. A NL. N2. B

9.3 Extern

extern-alias-directive
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extern-alias-directives:
extern-alias-directive
extern-alias-directives  extern-alias-directive

extern-alias-directive:
extern alias identifier

extern-alias-directive using-directives
global-attributes namespace-member-declarations
extern-alias-directive extern-alias-directive
identifier gl obal

extern-alias-directive
extern-alias-directive

X Y
extern alias X;
extern alias Y,
cl ass Test
{
XN A a;
X::N.B bi;
Y::N. B b2;
Y::N. C c;
}
extern X Y N. B
X.N B Y.N B X :N B Y::N.B
extern
9.4 using
using (using directives) using
namespace-or-type-names 3.8 simple-names 7.5.2
using

using-directives:
using-directive
using-directives  using-directive
using-directive:
using-alias-directive
using-namespace-directive

using-alias-directive 94.1

using-namespace-directive 94.2

using-directive namespace-member-
declarations using-directive using-directives

using-directives
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9.4.1 using
using-alias-directive

using-alias-directive:
using identifier =

using-alias-directive

namespace NIL. N2

class A {}

namespace N3

using A = NL. N2. A

} class B: A {}

N3
NL. N2. A N1. N2

namespace N3

using R = NL. N2;
class BE R A {}

using-alias-directive identifier

namespace N3

class A {}

namespace N3

using A = NL. N2. A

N3 A

using-alias-directive

namespace-or-type-name ;
using-alias-directive

A N1. N2. A N3. B

using-alias-directive

/1 Error, A already exists

using-alias-directive A
using-alias-directives

using-alias-directive

namespace N3

using R = NL. N2;

namespace N3

} class BB R A {}

252

/1l Error, R unknown
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R using-alias-directive R
using-alias-directive

using R = NL. N2;
namespace N3

class B: R A {}

namespace N3

} class C R A {}

using-alias-directives

using R = NL. N2;
namespace N3

class R {}
class BB R A {} /1 Error, R has no nenber A
}
B R A R N3. R N1. N2
using-alias-directives using-alias-directive namespace-or-type-name
using-alias-directive
using-directives using-alias-directive namespace-or-type-name
using-directives
using-alias-directive extern-alias-directives
namespace NL. N2 {}
namespace N3
{
extern alias E;
using R1 = E N, [l K
using R2 = Ni; Il K
using R3 = N1. N2; [l K
using R4 = R2. N2; /1 Error, R2 unknown
}
using-alias-directive using-alias-directive
using-alias-directive extern E using-alias-directive

using-alias-directive
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namespace NL. N2

class A {}
namespace N3
{
using R1 = Ni;
using R2 = N1. N2;
class B
NL. N2. A a; /1
RL. N2. A b; /1
R2. A c; /1
}
}
NL.N2. A RL.N2. A R2. A
using
namespace NL
cl ass A<T>
class B {}
}
namespace N2
using W= NL. A
using X = NL. A B;
using Y = NL. A<i nt >;
usi ng Z<T> = N1. A<T>;
}
9.4.2 Using

using-namespace-directive

using-namespace-directive:
using  namespace-name

using-namespace-directive

namespace NL. N2

class A {}

namespace N3

usi ng N1. N2;
class B: A {}
}
N3
N1. N2. A

254

refers to N1. N2. A
refers to N1. N2. A
refers to N1. N2. A

/1
/1
/1
/1

NL. N2. A

Error, cannot nanme unbound generic type

Error, cannot nanme unbound generic type

Ok, can nane cl osed constructed type

Error, using alias cannot have type parameters

NL. N2 N3. B
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using-namespace-directive

namespace NIL. N2

class A {}

namespace N3

usi ng Ni;
class B: N2. A {}

using-namespace-directive
B N2. A

/1l Error, N2 unknown

N1

using-alias-directive using-namespace-directive

namespace NL1. N2
class A {}
class B {}

namespace N3

usi ng N1. N2;
class A {}

N3

namespace NL

class A {}

namespace N2

class A {}

namespace N3

usi ng Ni;
usi ng N2;
class B: A {}
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using-namespace-directive

A N3. A NL. N2. A

using-namespace-directives

/1 Error, A is anbiguous
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N1 N2 A N3 N3 A
A A using-alias-
directive
namespace N3
{
usi ng N1,
usi ng N2;
using A = NL. A
class B: A {} /1 A means NL. A
}
using-alias-directive using-namespace-directive
using-namespace-directive namespace-name using-alias-directive
namespace-or-type-name using-namespace-
directives
9.5
namespace-member-declaration namespace-declaration 9.2 type-
declaration 9.6
namespace-member-declarations:
namespace-member-declaration
namespace-member-declarations  namespace-member-declaration
namespace-member-declaration:
namespace-declaration
type-declaration
namespace-member-declarations
9.6
type-declaration class-declaration 10.1 struct-declaration 11.1 interface-
declaration 13.1 enum-declaration 14.1 delegate-declaration 15.1

type-declaration:
class-declaration
struct-declaration
interface-declaration
enum-declaration
delegate-declaration

type-declaration

1038
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3.5.1
public i nt ernal
i nt ernal
public protected internal protected internal
private private

public internal private

9.7
(namespace alias qualifier) : :

private

extern using
qualified-alias-member
qualified-alias-member:
identifier :: identifier  type-argument-listoy
qualified-alias-member namespace-or-type-name 3.8 member-access 754
qualified-alias-member
Noc <AL, ..., A N I <A, ..., Ac (K
1
N N I K 0
qualified-alias-member
N gl obal I
o] I K 0 qualified-alias-member
o] I K 0 qualified-alias-
member
o] I K qualified-alias-member
o] qualified-alias-member
qualified-alias-member 9.2
qualified-alias-member
o] N using-alias-directive qualified-
alias-member
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C#

o] N extern-alias-directive
using-alias-directive

N I K 0 qualified-alias-
member
N I K 0 qualified-
alias-member
N I K qualified-
alias-member

qualified-alias-member

qualified-alias-member

N gl obal gl obal
using
9.7.1
extern using extern

using extern using

nanespace N
public class A {}
public class B {}
nanmespace N

using A = System IO

class X
A. Stream s1; /1 Error, A is anbiguous
A:: Stream s2; /1 Ok
}
}
A A using A
A. Stream A A
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10.

10.1
class-declaration type-declaration 9.6
class-declaration:
attributesyy ~ class-modifiersy  partial o class  identifier  type-parameter-listop
class-basey,  type-parameter-constraints-clauses,,  class-body ;o
class-declaration attributes 17
class-modifiers 10.11 parti al cl ass identifier
type-parameter-list 10.1.3 class-base 10.14 type-
parameter-constraints-clauses 10.15 class-body 10.1.6
type-parameter-list type-parameter-constraints-clauses
type-parameter-list (generic class declaration)
10.1.1

class-declaration

class-modifiers:
class-modifier
class-modifiers  class-modifier

class-modifier:
new
public
prot ect ed
i nt ernal
private
abst ract
seal ed
static

new 10.3.4
new

public protected internal private
3.5.1
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abstract seal ed static

10.11.1

abst ract

new

abstract class A

public abstract void F();

abstract class B: A

public void ) {}

class C B

public override void F()
/1 actual inplenmentation of F

}
A F B G
C F C
10.1.1.2
seal ed
seal ed
10.1.1.3
static (static class)

seal ed abstr act

260

nul |

10.6.9
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class-base 10.1.4
obj ect
10.3.7
prot ect ed protected internal
10.11.4
static
static
10.1.1.3.1
namespace-or-type-name 3.8
namespace-or-type-name T. namespace-or-type-name T

namespace-or-type-name t ypeof (T)
primary-expression

primary-expression E. I

10.3.8
new is
10.1.2

parti al class-declaration

10.2

10.1.3

441

type-parameter-list:
< type-parameters >

type-parameters:
attributes,;  type-parameter
type-parameters

type-parameter:
identifier

3.3

O Microsoft Corporation 1999-2008

member-access

typeof-expression 7511

754 E

as si zeof

attributesqyy  type-parameter

10
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10.1.4
class-base 13

class-base:
class-type
interface-type-list
class-type interface-type-list

interface-type-list:
interface-type

interface-type-list interface-type
44
cl ass Extend<V>: V {} [/ Error, type paraneter used as base cl ass
10.1.4.1
class-base class-type
class-base class-base obj ect
10.3.3
class A {}
class B: A {}
A B B A A
obj ect

type-parameter
type-argument
class B<U, V> {...}
class G<T>: B<string, T[]> {...}

&i nt > B<string,int[]>
3.5.2
private i nt er nal public

System Array System Del egate
System Mul ti cast Del egate System Enum Syst em Val ueType
System Attribute

B A B obj ect

class A<T> {
public class B{}

}
class C: A<C B> {}

A<C. B> C obj ect
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B A obj ect
class A{...}
class B<T>: A{...}
cl ass C<T>: B<I Conparabl e<T>> {...}
class D<T>: C<T[]> {...}

D<i nt > C<int[]> B<lConparable<int[]>> A obj ect

obj ect obj ect

B A A B (directly depends on)

class A: A{}

class A: B {}

C{}
class C A {}

@

cl ass

class A: B.C {}
class B:. A

public class C {}

A B.C B.C B
B A
class A
class B: A {}
}
B A A A B B
A A
seal ed
seal ed class A {}
class B: A {} /1 Error, cannot derive froma seal ed cl ass
B seal ed A
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10.1.4.2

class-base
134

10.1.5
type-parameter-constraints-clauses

type-parameter-constraints-clauses:
type-parameter-constraints-clause
type-parameter-constraints-clauses  type-parameter-constraints-clause

type-parameter-constraints-clause:
where type-parameter :  type-parameter-constraints

type-parameter-constraints:
primary-constraint
secondary-constraints
constructor-constraint

primary-constraint ,  secondary-constraints

primary-constraint ,  constructor-constraint

secondary-constraints constructor-constraint

primary-constraint ,  secondary-constraints constructor-constraint
primary-constraint:

class-type

cl ass

struct

secondary-constraints:

interface-type

type-parameter

secondary-constraints interface-type
secondary-constraints ,  type-parameter

constructor-constraint:
new ( )

type-parameter-constraints-clause wher e
wher e wher e
get set wher e
wher e
new()
(reference type constraint) cl ass (value
type constraint) struct type-parameter interface-type
null null
null 4.1.10
constructor-
constraint
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4.4.4

class-type

seal ed

10

System Array System Del egate System Enum

Syst em Val ueType

obj ect
interface-type
wher e
354
type-parameter
wher e
T S
S T
T T
S
S class-type AT
B A
S U U
A B
S T

Syst em Val ueType System Enum
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S

class-type

class-type

class-type
B

obj ect

(depend on) T

A

U

B

A

T

S

(depend on) U

A B

class-type B

Syst em Obj ect
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266

wher e new() new
7.5.10.1

interface |Printable

void Print();
}
i nterface | Conparabl e<T>
{

int CompareTo(T val ue);
}

i nterface | KeyProvider<T>

{
T GetKey();

class Printer<T> where T: IPrintable {...}
cl ass SortedLi st<T> where T: | Conparabl e<T> {...}

class Dictionary<K, V>
where K: | Conpar abl e<kK>
where V: | Printable, |KeyProvider<K> new)

}
class Circul ar<s, T>
where S: T
where T: S /1 Error, circularity in dependency graph
{
}
cl ass Seal ed<S, T>
where S: T
where T: struct /!l Error, T is sealed

}
class A{...}

class B{...}

cl ass | nconpat <S, T>
where S A T

where T: B /1 Error, inconpatible class-type constraints
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class StructWthd ass<S, T, U>
where S: struct, T

where T: U
where U A /1 Error, A inconpatible with struct
}
T (effective base class)
T obj ect
T Syst em Val ueType
T class-type C type-parameter C
T class-type type-parameter type-
parameter 6.4.2
T class-type type-parameter T
class-type type-parameter 6.4.2
T class-type obj ect
T (effective interface set)
T secondary-constraints
T interface-type type-parameter interface-
type
T interface-type type-parameter type-
parameter
T interface-type type-parameter interface-type

type-parameter

obj ect Syst em Val ueType
(known to be a reference type)

interface |Printable

void Print();

class Printer<T> where T: I|Printable

void PrintOne(T x) {
X.Print();

X | Printable T | Printable

10.1.6

class-body
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class-body:
{ class-member-declarationSey:  }

10.2

(partial type declaration)

class-declaration struct-declaration interface-declaration parti al
parti al class struct interface
voi d
parti al
parti al
parti al
parti al parti al
parti al

10.2.1

[Attrl, Attr2("hello")]

partial class A {}

[Attr3, Attr2("goodbye")]

partial class A {}

[Attrl, Attr2("hello"), Attr3, Attr2("goodbye")]

class A {}
10.2.2

public protected internal private
351
new
3.7.1.2
abstract 101.11
seal ed 10.1.1.2
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unsaf e 18.1

10.2.3

wher e

partial class Dictionary<K V>
where K: | Conpar abl e<K>
where V: | KeyProvider<K>, | Persistable

}

partial class Dictionary<K V>
where V: | Persistable, |KeyProvider<k>
where K: | Conpar abl e<kK>

artial class Dictionary<K, V>

Bt o B

10.2.4

Syst em Obj ect 10.14.1
10.2.5

partial class C IA IB{...}
partial class C IC{...}
partial class C IA IB{...}

C IA IB IC
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partial class X

i nt | Conpar abl e. ConpareTo(object o) {...}

}
partial class X | Conparabl e
{
}
10.2.6
10.2.7
3.3 3.7
private
parti al
partial class A
int x; [/ Error, cannot declare x nore than once
partial class Inner /1 O, Inner is a partial type
int vy;
}
partial class A
int x; [/ Error, cannot declare x nore than once
partial class |nner /1 Ok, Inner is a partial type
int z;
}
}
C#
10.2.7
private voi d
out parti al voi d
(defining
partial method declaration) block

(implementing partial method declaration)
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voi d
private
parti al
M
7.5.105
6.5.2 M
M 5.3
M 3.1

partial class Customner

string nane;
public string Name {
get { return name; }

set {
OnNaneChangi ng(val ue) ;
nane = val ue
OnNaneChanged() ;

}

}
partial void OnNameChangi ng(string newNane);

O Microsoft Corporation 1999-2008 271



C#

partial void OnNanmeChanged();
}

cl ass Cust oner

string nane;

public string Name {
get { return nanme; }
set { nane = val ue; }

partial class Custoner
partial void OnNanmeChangi ng(string newNamne)

Consol e. WitelLine(“Changing “ + name + “ to “ + newNane);

partial void OnNanmeChanged()

Consol e. WiteLine(“Changed to “ + nane);

}
}

cl ass Cust oner

string nane;
public string Name {
get { return nane; }

set {
OnNaneChangi ng(val ue) ;
nane = val ue
OnNaneChanged() ;

}

}
voi d OnNarmeChangi ng(stri ng newNane)

Consol e. WitelLine(“Changing “ + name + “ to “ + newNane);
}
voi d OnNarmeChanged()

Consol e. WiteLine(“Changed to “ + nane);
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10.2.8

usi ng 94
752 usi ng

nanespace N

usi ng List = System Coll ecti ons. Arrayli st;
partial class A

Li st x; /1 x has type System Col | ections. ArraylLi st

}

nanespace N

using List = Wdgets. LinkedLi st;
partial class A

Li st v; /1 'y has type W dgets. Li nkedLi st

10.3

class-member-declarations

class-member-declarations:
class-member-declaration
class-member-declarations  class-member-declaration

class-member-declaration:
constant-declaration
field-declaration
method-declaration
property-declaration
event-declaration
indexer-declaration
operator-declaration
constructor-declaration
destructor-declaration
static-constructor-declaration
type-declaration

104
10.5
10.6
10.7
10.8
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class-declaration
class-member-declarations

r ef out

r ef

10.3.3

10.3.1

cl ass A<T>

class B {}

} class C<U> {}

class D {}
10.3.2

argument

274

10.11

10.12
10.3.8

function members

3.3

out

10.9
10.10

10.13

class-declaration
class-member-declarations

3.6

443 (instance type)

4.4
this

/1 instance type:

/1 instance type:
/1 instance type:

/1 instance type: D

type-parameter

A<T>

A<T>. B
A<T>. C<U>

type-
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10

cl ass Gen<T, U>

{ public T[,] a;
public void int i, Tt, Gen<U T> gt) {...}
public UProp { get {...} set {...} }

} public int H(double d) {...}

Gen<int[], | Conpar abl e<string>>
public int[,][] a;
public void int i, int[] t, Gen<lConparable<string> int[]> gt) {...}
public | Conparabl e<string> Prop { get {...} set {...} }
public int H(double d) {...}

Gen a “T ” a
! int[,][]
this 10.3.1
(enclosing class)
442
cl ass C<Vv>
public V f1,
public C<Vv> f2 = null;
public C(V x) {
this.fl1 = x;
this.f2 = this;
}
}
cl ass Application
static void Main() {
C<int> x1 = new C<int>(1);
Consol e. WiteLine(x1.f1); /1 Prints 1
C<doubl e> x2 = new C<doubl e>(3. 1415) ;
Consol e. WitelLine(x2.f1); /1 Prints 3.1415
}
}
(inherit)
C B B A C B
A
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35

(hide) 3.7.1.2
6.1.6
10141 base-
class-specification base-class-
specification type-argument type-parameter
cl ass B<U>
public U F(long index) {...}
class D<T>: B<T[]>
public T ((string s) {...}
D<i nt > public int string s)
T i nt D<i nt > B

i nt B<T[] > T D<i nt > B<int[]>

B int[] publ i c UF(Il ong i ndex) U public
int[] F(l ongindex)
10.3.4 new
class-member-declaration

(hide)
new
3.7.1.2
new new

10.3.5
class-member-declaration 35.1 public
protectedinternal protected internal private protected internal

private

276

class-member-declaration
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10.3.6
3.54
10.3.7
(static member) (instance member)
static
E M member-access 754 M E M
E
this
static
E M member-access 754 M E M
E
this 7.5.7
cl ass Test
{
int x;
static int vy;
void F() {
x = 1; /[l O, same as this.x =1
y = 1; /[l O, same as Test.y =1
}
static void ) {
x = 1; /1 Error, cannot access this.x
y = 1; /[l O, same as Test.y =1
}
static void Main() {
Test t = new Test();
t.x = 1; I
t.y = 1; /1 Error, cannot access static menber through instance
Test.x = 1; /1 Error, cannot access instance menber through type
Test.y = 1; /I Ok
}
}
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F simple-name 7.5.2
G simple-name Mai n
member-access 754
10.3.8
(nested type)
(non-nested type)
usi ng System
class A
class B
static void F()
Consol e. WiteLine("A B.F");
}
}
B A A
10.3.8.1
38.1 S.N S N
10.3.8.2
public i nt er nal i nt er nal
public protected internal
protected internal private
private
public internal private
private
public class List
[/ Private data structure
private class Node
public object Data;
publ i c Node Next;
publ i c Node(object data, Node next) {
this.Data = data;
this. Next = next;
}
}
278 O Microsoft Corporation 1999-2008



10

private Node first = null;
private Node |ast = null;

// Public interface

public void AddToFront (object o) {...}
public void AddToBack(object o) {...}
publ i c object RemoveFronFront() {...}
public obj ect RenoveFronBack() {...}
public int Count { get {...} }

Node

10.3.8.3
3.7.1 new

usi ng System
cl ass Base

public static void M) {
Consol e. WitelLine("Base. M');

}
}

cl ass Derived: Base
new public class M

public static void F() {
Consol e. WiteLine("Derived. M F");

}
}
}
cl ass Test
static void Min() {
Derived. M F();
}
}
M Base M
10.3.8.4 this
this-access 75.7
this

this

usi ng System
class C
int i = 123;

public void F()
Nested n = new Nested(this);

n.x);
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public class Nested

{ :
Cthis_gc;

public Nested(C c) {
this ¢ = c;
}

public void )
Consol e.WitelLine(this_c.i);

}
}
cl ass Test
static void Min() {
Cc = new ¢();
c. F();
}
C Nest ed this Nest ed
C
10.3.8.5
private
pr ot ect ed

usi ng System
class C

private static void F() {
Consol e. WitelLine("C F");

public class Nested

public static void ) {
F()

}
}

cl ass Test

static void Main() {
} C. Nested. ) ;

}

Nest ed C Nest ed G C
private

usi ng System
cl ass Base

protected void F() {
Consol e. WitelLi ne("Base. F');
}

}
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cl ass Derived: Base
public class Nested

public void ) {
Derived d = new Derived();

d. F(); /1 ok
}
}
cl ass Test
static void Main() {
Derived. Nested n = new Derived. Nested();
n.q);
}
Deri ved. Nest ed Deri ved Deri ved Base
F
10.3.8.6

I nner
cl ass Quter<T>
cl ass | nner<U>
public static void F(Tt, Uu) {...}
static void F(T t) {
Qut er<T>. I nner<string> F(t, "abc"); /1 These two statenents have

I nner<string> F(t, "abc"); [/ the sane effect
Quter<int>.lnner<string>.F(3, "abc"); // This type is different
Quter. | nner<string> F(t, "abc"); [/ Error, Quter needs type arg

cl ass Quter<T>

cl ass | nner<T> [/ Valid, hides Quter’'s T
public T t; /!l Refers to Inner’'s T
}
10.3.9
C#
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10.3.3 new 10.34
C#
C#
C#
10.13 10.394
10.3.9.1
T P 10.7
T get _P()

282

voi d Set_P(T val ue);

usi ng System
class A

public int P {
get { return 123; }

}

class B: A

new public int get_P() {

return 456;
}
new public void set P(int value) {
}
}
cl ass Test
static void Main() {
B b = new B();
A a = b;
Consol e. WiteLine(a.P);
Consol e. WiteLine(b.P);
Consol e. WiteLine(b.get P());
}
}

P get _P set _P

get

get

set
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123
123
456

10.3.9.2
T E 10.8

void add_E(T handl er);
void remove_E(T handl er);

10.3.9.3
T L 10.9

T get _Item(L);
void set _Item(L, T value);

I[tem
10.3.9.4
10.13
void Finalize();
104
(constant)

constant-declaration:

attributes,;  constant-modifiers,;x  const type

constant-modifiers:
constant-modifier

constant-modifiers  constant-modifier

constant-modifier:
new
public
prot ect ed
i nt ernal
private

constant-declarators:
constant-declarator

constant-declarators constant-declarator

constant-declarator:

identifier = constant-expression

attributes 17
10.35

constant-declaration

10

constant-declaration

constant-declarators

new

constant-declaration

constant-declaration type

constant-declarator
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10.3.4
constant-declaration
static

constant-declarators

283



C#

identifier S constant-expression 7.18
type shyte byte short wushort int wuint Ilong ulong
char float double decimal bool string enum-type reference-type constant-
expression 6.1
type 354
simple-name 75.2 member-access 75.4
constant-expression constant-expression
case goto case enum
7.18 constant-expression
string reference-type null new constant-expression
new string reference-types nul |
constant-expression readonl y 10.5.2
class A

public const double X = 1.0, Y=2.0, Z=3.0;

class A
public const double X = 1.0;
public const double Y = 2.0;
public const double Z = 3.0;
}
class A
public const int X = B.Z + 1;
public const int Y = 10;
class B
public const int Z =AY + 1;
AY B.Z A X 10 11 12
A B
A X B.Z B. Z AY
10.5
(field) field-declaration
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field-declaration:
attributes,:  field-modifiersoy ~ type  variable-declarators

field-modifiers:
field-modifier
field-modifiers  field-modifier

field-modifier:
new
public
prot ect ed
i nt ernal
private
static
readonl y
vol atile

variable-declarators:
variable-declarator

variable-declarators variable-declarator
variable-declarator:

identifier

identifier = variable-initializer

variable-initializer:
expression
array-initializer

field-declaration attributes 17 new 10.3.4
10.35 static 105.1 field-
declaration readonl y 105.2 vol atile 10.5.3

field-declaration

field-declaration type variable-declarators
variable-declarator identifier
‘o= variable-initializer 105.5
type 354
simple-name 75.2 member-access 754
assignment 7.16
75.9 76.5
class A

public static int X =1, Y, Z = 100;
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class A
public static int X = 1;
public static int Y;
public static int Z = 100;
}
10.5.1
static
static instance fields
5
variable)

cl ass C<Vv>

static int count = O;

public C() {

count ++;
}

public static int Count {
get { return count; }

cl ass Application

static void Main() {
C<int> x1 = new C<int>();
Consol e. Wit eLi ne(C<i nt>. Count);

C<doubl e> x2 = new C<doubl e>();
Consol e. WiteLine(C<int>. Count);

C<int> x3 = new C<int>();
Consol e. Wit eLi ne(C<int>. Count);

}
}
E.M member-access 754
M M E
1037

10.5.2

field-declaration readonl y

variable-declarator

286

(static field)
C#
(static variable) (instance
442
/1 Prints 1
/[l Prints 1
/[l Prints 2
M E
M
(readonly field)

readonly

variable-initializer
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readonly out r ef

readonly out r ef

10.5.2.1

const
static readonly

public class Col or

public static readonly Color Black = new Color(0, 0, 0);
public static readonly Color Wiite = new Col or (255, 255, 255);
public static readonly Color Red = new Col or (255, 0, 0);
public static readonly Color Green = new Col or (0, 255, 0);
public static readonly Col or Blue = new Col or (0, 0, 255);

private byte red, green, bl ue;
public Color(byte r, byte g, byte b) {

red =r;
green = g;
bl ue = b;
}
}
Black Wiite Red G een Bl ue const
static readonly
10.5.2.2

usi ng System
nanespace Prograndl

public class Uils

public static readonly int X = 1,

}

namespace Progran?
cl ass Test

static void Min()
Consol e. WiteLi ne(Progrant. Utils. X)

}
}
}
Progranil Pr ogr an®? Prograntl. Utils. X
Consol e. Wi teLine
X Progr aml Pr ogr an?
Consol e. Witeline X X Progr an?
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Pr ogr an Pr ogr anl
10.5.3
field-declaration vol atile (volatile field)
lock-statement 8.12

(volatile read) “ "

(volatile write) “ "

reference-type

byte sbyte short wushort int uint char float bool SystemIntPtr
System U ntPtr

byte sbyte short wushort int ui nt enum-type

usi ng System
usi ng System Thr eadi ng;

cl ass Test

public static int result;
public static volatile bool finished,

static void Thread2() {
result = 143;
finished = true;

static void Main() {
finished = fal se;

/1 Run Thread2() in a new thread
new Thread(new ThreadStart(Thread2)). Start();

/1 Wait for Thread2 to signal that it has a result by setting
/1 finished to true.
for (;;) {
if (finished) {
Consol e. WiteLine("result = {0}", result);
return;

result = 143
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Mai n Thr ead?2
resul t true fini shed finished
true resul t finished volatile
result 143 finished volatile finished
result resul t 0 fini shed
vol atil e
10.5.4
5.2
usi ng System
cl ass Test
static bool b;
int i;
static void Main() {
Test t = new Test();
} Consol e.WiteLine("b = {0}, i = {1}", b, t.i);
}
b =False, i =0
b i
10.5.5
variable-initializers
usi ng System
cl ass Test
static double x = Math. Sqgrt(2.0);
int i = 100;
string s = "Hell 0";
static void Main() {
Test a = new Test();
Console.WiteLine("x = {0}, i ={1}, s ={2}", x, a.i, a.s);
}
}
X = 1.4142135623731, i = 100, s = Hello
X i s
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1054

usi ng System

cl ass Test
static int a =b + 1;
static int b = a + 1;
static void Main() {
Console.WiteLine("a = {0}, b ={1}", a, b);
}
}
a b
a=1 b=2
a b 0O int
b a 1 b
1 b 2
10.5.5.1

10.12

usi ng System
cl ass Test

static void Main() {
} Consol e. WiteLine("{0} {1}", B.Y, AX);

public static int F(string s) {
Consol e. WiteLine(s);

return 1;

}
class A

public static int X = Test.F("Init A");
class B

public static int Y = Test.F("Init B");
Init A
Init B
11
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usi ng System
cl ass Test

{

static void Min()

}

public static int F(string s) {
Consol e. WiteLine(s);

Cbnsole.VViteLiné("{O} {1}", B.Y, A X

return 1;
}
}
class A
static A() {}
public static int X = Test.F("Init A");
class B
static B() {}
public static int Y = Test.F("Init B");
}
Init B
Init A
11
10.12
B A
10.5.5.2
10.11.1
10.11
simple-name
class A
int x =1,
nt y =
}
y
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10
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10.6

(method) method-
declarations

method-declaration:
method-header  method-body

method-header:
attributes,:  method-modifiers,:  partial o return-type member-name  type-parameter-listyy
( formal-parameter-list,y )  type-parameter-constraints-clausesqy

method-modifiers:
method-modifier
method-modifiers  method-modifier

method-modifier:
new
public
prot ect ed
i nt ernal
private
static
vi rtual
seal ed
override
abstract
extern

return-type:

type
voi d
member-name:
identifier
interface-type . identifier
method-body:
block
method-declaration attributes 17 10.35
new 10.3.4 static 10.6.2 vi rtual 10.6.3
overri de 10.6.4 seal ed 10.6.5 abstract 10.6.6 extern
10.6.7
10.35
static virtual override

new override
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abstract static virtual
seal ed extern
private virtual override
abstract
seal ed override
parti al new public
protected internal private virtual sealed override abstract extern
return-type
return-type voi d parti al voi d
member-name 134.1
member-name identifier member-name interface-type
o identifier
type-parameter-list 10.1.3 type-parameter-
list (generic method) extern type-parameter-
list
formal-parameter-list 10.6.1
type-parameter-constraints-clauses 10.15
type-parameter-list type-parameter-constraints-clauses
override

return-type formal-parameter-list

354
abstract extern method-body parti al method-
body block method-body block
3.6
r ef out
type-parameters method-declaration return-
type method-body type-parameter-constraints-clauses attributes

10.6.1

formal-parameter-list

O Microsoft Corporation 1999-2008 293



C#

formal-parameter-list:
fixed-parameters
fixed-parameters
parameter-array

parameter-array

fixed-parameters:
fixed-parameter

fixed-parameters fixed-parameter

fixed-parameter:

attributes,y ~ parameter-modifier,,;  type  identifier
parameter-modifier:
r ef
out
this
parameter-array:
attributes,y  paranms  array-type identifier
parameter-array
fixed-parameter attributes 17 ref out this
type identifier fixed-parameter
this
10.6.9
parameter-array attributes 17 par ams array-type
identifier array-type
12.1
106.1.4
block
7551
block
simple-name 752
r ef
out
par ams
3.6 r ef out par ans
10.6.1.1

294
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6.1
10.6.1.2
r ef
r ef
variable-reference 53.3
10.14
usi ng System
cl ass Test
static void Swap(ref int x, ref int y) {
int temp =
X =y,
y = tenp;
}
static void Mai n() {
int i =1, j 2;
Swap(ref i, ref j)'
Consol e.WiteLine("i = {0}, j = {21}", i, j);
}
}
i =2, j =1
Mai n Swap X iy ] [ ]
class A
{
string s;
voi d F(ref str|ng a, ref string b) {
s = "One",;
a = "Two";
b = "Three"
}
void ) {
F(ref s, ref s)
}
}
G F a b S s a b
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10.6.1.3

out

out
variable-reference 5.3.3

10.2.7 10.14

usi ng System
cl ass Test

static void SplitPath(string path, out string dir, out string name) {
int i = path.Length;
while (i > 0)
char ch = path[i - 1];
if (ch =="\\" || ch=="/" || ch ==":") break;

ir = path.Substring(0, i);
ame = path. Substring(i);

5 O

}

static void Main() {
string dir, nane;
SplitPath("c:\\Wndows\\ System\hello.txt", out dir, out nane);
Consol e. WiteLine(dir);
Consol e. Wit eLi ne( nane);

}
}
c:\ Wndows\ Syst em
hel | 0. t xt
dir narre SplitPath
10.6.1.4
par ans
string[] string[][]
string[,] par ans ref out

6.1
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106.1.1
usi ng System
cl ass Test
static void F(params int[] args) {
Console. Wite("Array contains {0} elenents:", args.Length);

foreach (int i in args)
Console. Wite(" {0}", i);
Consol e. WiteLine();

static void Main() {
int[] arr = {1, 2, 3};
F(arr);
F(10, 20, 30, 40);
FO)

Array contains 3 elenents: 1 2 3
Array contains 4 elenments: 10 20 30 40
Array contains O el enents:

a F
int[] F
F(new int[] {10, 20, 30, 40});
F(new int[] {});

743.1

usi ng System
cl ass Test

static void F(paranms object[] a) {
Consol e. WiteLine("F(object[])");

static void F() {
Consol e. WiteLine("F()");

static void F(object a0, object al) {
Consol e. WitelLine("F(object,object)");

O Microsoft Corporation 1999-2008
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static void Min() {

F();
F(object[]);
F(obj ect, obj ect);
F(object[]);
F(object[]);

obj ect[] obj ect
object[] obj ect

usi ng System
cl ass Test

static void F(params object[] args) {
foreach (object o in args) {
Consol e. Wite(o. Get Type(). Ful | Nane);
Console. Wite(" ");

} %:onsol e.WiteLine();

E)l "Hel | 0", 123.456};

F((obj ect)a);
F(o);
F((object[])0);

System Int 32 System Stri ng System Doubl e
System bj ect [ ]
System bj ect [ ]
System Int 32 System Stri ng System Doubl e

F F
obj ect[] F

obj ect obj ect[] F
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obj ect[]
obj ect[]
10.6.2
static static
this
this 757
E. M member-access 754 M E
M M E M
1037
10.6.3
vi rtual vi rtual
(overriding) 10.6.4
(run-time type)
(compile-time type)
C R R C C A
N
C N A C C
M 7551
M M
M R M

(most derived implementation) R M

R M vi rtual M

R M override M

R M R M

usi ng System
class A

public void F() { Console.WiteLine("AF"); }

public virtual void ) { Console. WiteLine("A.G"); }
}
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class B: A

new public void F() { Console.WitelLine("B.F"); }
public override void ) { Console.WitelLine("B.G"); }

cl ass Test
static void Min() {
B b = newB();
A a = b;
a. F();
b. F();
a. q);
b.q);
}
}
A F G B F
= G
A F
B. F
B.G
B.G
a. ) B. G A G
B A

usi ng System
class A

public virtual void F() { Console. WiteLine("A. F"); }

class B: A

public override void F() { Console.WitelLine("B.F"); }

class C B

new public virtual void F() { Console.WiteLine("C.F"); }

class DD C

public override void F() { Console.WiteLine("D.F"); }
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cl ass Test
static void Main() {
Dd = new IX();
A a = d;
B b = d;
Cc =d;
a. F();
b. F();
c. F();
d. F();
}
}
C D A c c
A D C D
A
B. F
B. F
D F
D F
D
10.6.4
override (override method)
override (overridden base method) C
M C C
M
public prot ect ed prot ected internal
i nt ernal C

protected internal
protected

type-parameter-constraints-clauses
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abstract class C<T>

public virtual T F() {...}
public virtual C<T> Q) {...}
public virtual void H(CT> x) {...}

class D C<string>

public override string F() {...} /1 Ok
public override C<string> ) {...} /1 Ok
public override void H(C<T> x) {...} [/ Error, should be C<string>

class E<T, U C<U>

public override UF() {...} Il
public override CU> ) {...} Il
public override void H(C<T> x) {...} /1 Error, should be C<U>
base-access 75.8
class A
int Xx;

public virtual void PrintFields() {
Consol e. WiteLine("x = {0}", X);

}

class B: A
int vy;

public override void PrintFields() {
base. PrintFiel ds();
Consol e. WiteLine("y = {0}", y);

}
}
B base. PrintFi el ds() A PrintFields base-access
B
((A)this).PrintFields() B A PrintFiel ds
PrintFields ((A)this) B
override
class A

public virtual void F() {}

class B: A

public virtual void F() {} /1 Warning, hiding inherited F()
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B F override A F B F
new

class A

public virtual void F() {}

class B: A

new private void F() {} /[l Hdes A'F within body of B

class C B

public override void F() {} /1 O, overrides A F

B F A F B F
B C C F A F
10.6.5
seal ed (sealed method)
seal ed override seal ed

usi ng System
class A

public virtual void F()
Consol e. WiteLine("A F");
}

public virtual void

} Consol e. WiteLi ne( '?AEB");

}

class B: A

seal ed override public void F() {
Consol e. WitelLine("B. F");
}

override public void )
Consol e. WiteLine("B.G");

}

class C B

override public void ()
Consol e. WiteLine("C G");
}

}

B seal ed F seal ed
seal ed B C F
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10.6.6

abstract (abstract method)
vi rtual

method-body

10111

public abstract class Shape

public abstract void Paint(Gaphics g, Rectangle r);

public class Ellipse: Shape

public override void Paint(Gaphics g, Rectangle r) {
g. Drawkl | i pse(r);

}

public class Box: Shape

public override void Paint(Gaphics g, Rectangle r) {
g. DrawRrect (r);

Shape Pai nt
Ellipse Box Shape
Pai nt

base-access 758
abstract class A

public abstract void F();

class B: A

public override void F() {
base. F(); /1 Error, base.F is abstract

}
base. F()

usi ng System
class A

public virtual void F() {
Consol e. WiteLine("A F");
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abstract class B: A

public abstract override void F();

class C B

public override void F() {
Consol e. WiteLine("C F");

10.6.7
extern (external method)
C#
method-body
extern DIl nport 1751 DLL
D | I nport static
extern D | I nport

usi ng System Text;
usi ng System Security. Pernissions;
usi ng System Runti ne. | nt eropSer vi ces;

cl ass Path

[DIInmport("kernel 32", SetlLastError=true)]
static extern bool CreateDirectory(string nane, SecurityAttribute sa);

[DIlInmport("kernel 32", SetlLastError=true)]
static extern bool RenobveDirectory(string nane);

[DIlInmport("kernel 32", SetlLastError=true)]
static extern int GetCurrentDirectory(int bufSize, StringBuilder buf);

[DIlInmport("kernel 32", SetlLastError=true)]
static extern bool SetCurrentDirectory(string nane);

}
10.6.8
parti al (partial method)
10.2 10.2.7
10.6.9
this (extension method)
this
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public static class Extensions

public static int Tolnt32(this string s) {
return | nt32. Parse(s);

public static T[] Slice<T>(this T[] source, int index, int count) {

if (index <0 || count < 0 || source.Length — index < count)
t hr ow new Ar gurmrent Exception();

T[] result = new T[count];

Array. Copy(source, index, result, 0, count);

return result;

7.55.2

static class Program

static void Main() {
string[] strings = { "1", "22", "333", "4444" };
foreach (string s in strings.Slice(1, 2)) {
Consol e. WiteLine(s.Tolnt32());

Slice string[] Tolnt32

static class Program

static void Main() {
string[] strings = { "1", "22", "333", "4444" };
foreach (string s in Extensions.Slice(strings, 1, 2)) {
Consol e. Wi teLi ne( Ext ensions. Tol nt 32(s));

}
}
10.6.10
method-body block
8.2
voi d return 8.9.4
void
voi d return
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class A

{

10

public int F() {} [/ Error, return value required

public int ) {
return 1;

public int{H(booI b) {

if (b)
return 1;
el se {
return O;
}
}
}
F
return
10.6.11
7.4.2
10.7
(property)
(accessor)

property-declarations

property-declaration:
attributes,; ~ property-modifiers,,;  type  member-name

property-modifiers:
property-modifier
property-modifiers  property-modifier

property-modifier:
new
public
prot ect ed
i nt er nal
private
static
vi rtual
seal ed
override
abstract
extern
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member-name:
identifier

interface-type identifier
property-declaration attributes 17 10.35
new 1034 static 10.6.2 vi rtual 10.6.3
override 10.6.4 seal ed 10.6.5 abstract 10.6.6 extern
10.6.7
106
type member-name
member-name identifier
13.4.1 member-name interface-type o identifier
type 354
accessor-declarations R R 10.7.2
out
extern (external property)
accessor-declarations
10.7.1
static (static property) static
(instance property)
this
this 75.7
E M member-access 754 M E
M M E M
1037
10.7.2

accessor-declarations

accessor-declarations:
get-accessor-declaration
set-accessor-declaration

get-accessor-declaration:
attributesyp

set-accessor-declaration:
attributes,y

308

accessor-modifierqp

accessor-modifieroy

set-accessor-declarationy
get-accessor-declaration

get  accessor-body

set  accessor-body
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accessor-modifier:

prot ect ed

i nt ernal

private

protected internal
i nt ernal pr ot ect ed

accessor-body:
block

get-accessor-declaration

10

set-accessor-declaration

get set accessor-modifier accessor-body
accessor-modifiers
accessor-modifier
override get set
accessor-modifier
override accessor-modifier
accessor-modifier
o] public accessor-modifier pr ot ect ed
internal internal protected private
o] protected internal accessor-modifier
internal protected private
o] i nt ernal pr ot ect ed accessor-modifier
private
o] private accessor-modifier
abstract extern accessor-body abstract
extern (automatically implemented property) get
set 10.7.3 abstract
extern accessor-body block
get
get 711 get
10.6.10 get return
get
set voi d set
val ue 7.16 ++ -- 7.5.9
7.6.5 set
++ -- 7.16.1 set 10.6.10
void set return
set val ue set
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get set
get set
get

set

(read-write)
(read-only)

(write-only)

public class Button: Control

private string caption;

public string Caption {

get {
return caption;

set
if (caption != value) {
caption = val ue;
Repaint () ;
}

}

public override void Paint(Gaphics g, Rectangle r) {
/1 Painting code goes here

}
}
But t on Capti on Caption get capti on
set
get set
Butt on Caption

Button okButton = new Button();
okButton. Caption = "OK";

/1 1 nvokes set accessor
string s = okButton. Caption; /1

I nvokes get accessor
set get

get set

class A

private string nane;

public string Name { /1 Error, duplicate nenber name
get { return nane; }

public string Name { /! Error, duplicate nmenber nane
set { name = value; }
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class A

public int P {
set {...}

}

class B: A

new public int
get {...}

new B();

~
~

cl ass Label

private int x,
private string

public Label (int x, int y, string caption) {

this.x = x;
this.y =vy;
this.captio

}
public int X {

P{

A P

Error, B.Pis read-only
Ok, reference to A P

B P
P

yi
capt 1 0oNn;

= caption

get { return x; }

public int Y {

get { returny; }

public Point Location {
get { return new Point(x, y); }

public string Caption {
get { return caption; }

}
Label i nt X y
Poi nt Locati on Label
cl ass Label
private Point |ocation;

private string caption
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public Label (int x, int y, string caption) {
this.location = new Point(x, y);
this.caption = caption;

public int X {
get { return location.x; }

public int Y {
get { return location.y; }

public Point Location {
get { return location; }

public string Caption {
get { return caption; }

}
X y public readonly Label
(inlining)
get get
cl ass Counter
private int next;
public int Next
get { return next++; }
}
Next
get 13 ” get
get get

usi ng System | O
public class Consol e

{

private static Text Reader reader;
private static TextWiter witer;
private static TextWiter error;

public static TextReader In {
get
if (reader == null)
reader = new StreanReader (Consol e. OpenSt andardl nput () ) ;

return reader;
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public static TextWiter Qut {
get
if (witer == null)
witer = new StreanWiter(Consol e. QpenSt andar dQut put ());

return witer;

}
public static TextWiter Error {
get
if (error == null)
error = new StreamAiter (Consol e. OpenSt andar dError());
return error;
}
}
Consol e In CQut Error
Consol e
Qut

Consol e. Qut. WiteLine("hello, world");

TextWiter In Error

10.7.3

public class Point {
public int X { get; set; } // automatically inplenented
public int Y { get; set; } // automatically inplenented

public class Point {
private int x;
private int vy;
public int X { get { return x; } set { x
public int Y { get { returny; } set {

public class ReadOnl yPoi nt {
public int X { get; private set; }
public int Y { get; private set; }
public ReadOnlyPoint(int x, int y) { X

I}
%
<
1
=
-

}
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10.7.4

accessor-modifier
modifier

accessor-modifier 7.3

7.1.1 get

7.16.1

7.16.2

get set

A Text B. Text
B. Count

class A

M

public string Text ({
get return "hello"; }
set }

public int Count
get { return 5; }
set

}
class B: A

{

3.5.2 accessor-

accessor-modifier

743

set

759 7.6.5

++ --

set
A. Count

private string text = "goodbye"

private int count 0;

new public string Text {
get { return text; }
protected set { text

}

new protected int Count {
get { return count; }
set { count val ue; }

}

class M

static void Main() {
B b = new B();
b. Count = 12;
int i = b.Count;
b. Text = "howdy";
string s = b. Text;

~ T~
~ T~

314

val ue; }

A. Count set accessor
A. Count get accessor

B. Text set accessor not accessible
B. Text get accessor

O Microsoft Corporation 1999-2008
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accessor-modifier
accessor-modifier

public interface |

string Prop { get; }

public class C |

public Prop {

get { return "April"; } /1 Must not have a nodifier here
internal set {...} /1 Ok, because |.Prop has no set accessor
}
}
10.7.5
vi rtual virtual
abstract
accessor-body
abstract override
10.11.1 override
(overriding property
declaration)
seal ed
10.6.3 10.6.4 10.6.5 10.6.6
get
set voi d

abstract class A
int vy;

public virtual int X {
get { return O; }
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public virtual int Y {
get { returny; }
set { y = value; }

public abstract int Z { get; set; }

}
X Y VA VA A
A
class B: A
int z;
public override int X {
get { return base.X + 1; }
public override int Y {
set { base.Y = value < 0? 0: value; }
public override int Z {
get { return z; }
set { z = value; }
}
XY VA
X get Y set base
VA B B
override

public class B

public virtual int P {
protected set {...}

get {...}
}

public class D. B

public override int P {
protected set {...} /1 Must specify protected here
get {...} /1 Must not have a nodifier here

10.8

(event)
handler)

(event
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event-declarations

event-declaration:
attributes,y,  event-modifiersyy
attributes,y  event-modifiersyy

event
event

event-modifiers:
event-modifier

event-modifiers  event-modifier

event-modifier:
new
public
pr ot ect ed
i nt ernal
private
static
vi rtual
seal ed
override
abstract
extern

event-accessor-declarations:
add-accessor-declaration
remove-accessor-declaration

add-accessor-declaration:

attributes,;y add  block

remove-accessor-declaration:

attributes,y remove  block

event-declaration

new 10.3.4
overri de 10.6.4 seal ed 10.6.5
10.6.7
type delegate-type 4.2
354
event-accessor-declarations
extern abstract

event-accessor-declarations
event-declaration

event-declaration abstract

extern

O Microsoft Corporation 1999-2008

type
type

attributes 17
static

10

variable-declarators ;
member-name { event-accessor-declarations }

remove-accessor-declaration
add-accessor-declaration

10.35
10.6.2 vi rtual 10.6.3
abstract 10.6.6 extern
10.6

delegate-type

10.8.1 extern
variable-declarators
event-accessor-declarations
(external event)
extern event-accessor-declarations
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+= -= 7.16.3
+= -=
X +=y X -=y X X
voi d X
X
But t on
public del egate void EventHandl er (obj ect sender, Event Args e);
public class Button: Control
public event EventHandler dick;
public class LoginDialog: Form
{
Button CkButton;
Butt on Cancel Button;
public Logi nDi al og() {
CkButton = new Button(...);
CkButton. d i ck += new Event Handl er (OkBut tond i ck);
Cancel Button = new Button(...);
Cancel Button. 0 i ck += new Event Handl er (Cancel Buttond i ck);
}
voi d OkButtond i ck(object sender, EventArgs e) {
/1 Handl e kButton.d ick event
}
voi d Cancel Buttond ick(object sender, EventArgs e) {
/1 Handl e Cancel Button.Click event
}
}
Logi nDi al og Butt on dick
10.8.1
abstract extern event-accessor-declarations
15
nul |
public del egate void EventHandl er (obj ect sender, Event Args e);
public class Button: Control
public event EventHandler dick;
protected void OnClick(EventArgs e) {
if (dick !'=null) dick(this, e);
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public void Reset() {

Cick = null;
}
}
dick But t on
But t on Ond i ck dick “ " “
null
But t on dick += -=
b.d ick += new EventHandl er(.);
dick
b.dick —= new EventHandl er(.);
dick
8.12 7.5.10.6
class X

public event D Ev;

class X

private D __Ev; // field to hold the del egate
public event D Ev {

add {
lock(this) { __ Ev = __Ev + value; }
remove {
lock(this) { __Ev = __Ev - value; }
}
}
X Ev = R =
class X

public static event D Ev;
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class X

private static D __Ev; [/ fi
public static event D Ev {

add {
| ock(typeof (X)) { __Ev

renove {
lock(typeof (X)) { __Ev

10.8.2

event-accessor-declarations

event-accessor-declarations
event-accessor-declarations

add-accessor-declaration

eld to hold the del egate

= __Ev + value; }

= Ev - value; }

But t on

remove-accessor-declaration

add renmove block add-accessor-declaration block
remove-accessor-declaration block
add-accessor-declaration remove-accessor-declaration
voi d val ue
+=
accessor-declaration remove-accessor-declaration 10.6.10
return
val ue

class Control: Conponent

/1 Unique keys for events

static readonly object nmouseDownEvent Key = new object();
static readonly object mouseUpEvent Key = new object ();

/! Return event handl er

associ ated with key

prot ect ed Del egate Get Event Handl er (obj ect key) {...}
/1 Add event handl er associated with key

prot ected voi d AddEvent Handl er (obj ect key, Del egate handler) {...}

/1 Renmpve event handl er

associ ated with key

add-
voi d

prot ected voi d RenoveEvent Handl er (obj ect key, Del egate handler) {...}

/1 NMouseDown event
public event

320

MouseEvent Handl er
add { AddEvent Handl er (mouseDownEvent Key,
remove { RempbveEvent Handl er ( nouseDownEvent Key,

MouseDown {
val ue); }
val ue); }
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/1 MouseUp event

public event MuseEvent Handl er MuseUp {
add { AddEvent Handl er (mouseUpEvent Key, val ue); }
remove { RenmpbveEvent Handl er (nouseUpEvent Key, val ue); }

/1 1 nvoke the MuseUp event
protected void OnMbuseUp( MouseEvent Args args) {
MouseEvent Handl er handl er;;
handl er = (MouseEvent Handl er) Get Event Handl er ( nrouseUpEvent Key) ;
if (handler !'= null)
handl er (this, args);

}
}
Cont rol AddEvent Handl er
Cet Event Handl er RenoveEvent Handl er
nul |
10.8.3
static (static event) static
(instance event)
this
this 7.5.7

E.M member-access 754 M E

M M E M

10.3.7
10.8.4
vi rt ual virtual
abstract

event-accessor-declarations
abstract override
10.1.1.1
overri de

(overriding event declaration)

seal ed

new
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10.6.3 10.6.4

voi d
10.9

(indexer)
indexer-declarations

indexer-declaration:
attributes,;  indexer-modifiersyy

indexer-modifiers:
indexer-modifier

indexer-modifiers  indexer-modifier

indexer-modifier:
new
public
prot ect ed
i nt ernal
private
vi rtual
seal ed
override
abstract
extern

indexer-declarator:

type this [  formal-parameter-list ]

type  interface-type this |
indexer-declaration attributes 17
new 1034 vi rtual
seal ed 10.6.5 abstract 10.6.6
106
virtual override abstract
type
type this
interface-type o this
formal-parameter-list
type formal-parameter-list
354
accessor-declarations 10.7.2 L

322

indexer-declarator  {

10.6.5 10.6.6

accessor-declarations  }

formal-parameter-list ]

10.3.5
10.6.3 overri de 10.6.4
extern 10.6.7
abstract override
type
10.6.1
r ef out
" }H
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r ef out
3.6
simple-name 752 member-access 7.5.4
element-access 75.6.2
static
get get
set val ue set
val ue
base. P P
base[ E E
10.7.2 10.7.3
extern (external indexer)
accessor-declarations
Bit Array

usi ng System

class BitArray

{

int[] bits;
int length;

public BitArray(in
if (length < 0)
bits = newint]|
this.length = |

t length) {
t hrow new Ar gunent Exception();
((length - 1) >> 5) + 1];
engt h;
}
public int Length {

get { return length; }

public bool this[int index] {
get
if (index < 0 || index >= length) {
t hr ow new | ndexQut Of RangeException();

}
return (bits[index >> 5] & 1 << index) != 0;
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}
set {
if (index < 0 || index >= length) {
t hrow new | ndexQut Of RangeException();
}
if (val ue)
bits[index >> 5] |= 1 << index;
}
el se {
bits[index >> 5] & ~(1 << index);
}
}
}
}
Bit Array bool [ ]
bool []
Count Pri mes Bi t Array “ ” 1

cl ass Count Pri nes

static int Count(int max) {
BitArray flags = new Bit Array(nmax + 1);
int count = 1;

for (int i =2; i <= mx; i++) {
if ('flags[i]) {
for (int J =1 * 2; ] <=max; j +=1i) flags[j] = true;
count ++;
return count;
}
static void Main(string[] args) {
int max = int.Parse(args[0]);
int count = Count (max);
Consol e. WiteLi ne("Found {0} prines between 1 and {1}", count,
}
}
Bit Array bool [ ]
26" 10 A-Z
0-9

usi ng System
class Gid

const int NunRows 26;
const int NunCol s 10;

int[,] cells = new int[NumRows, NunCol s];
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public int this[char ¢, int col] {
get {
¢ = Char. ToUpper(c);
if (c<'A || ¢>"2Z)
t hrow new Argument Exception();

}
if (col <0 || col >= NunCol s)
t hrow new | ndexQut Of RangeException();

return cells[c - "A, col];
set {

¢ = Char. ToUpper(c);

if (c<'A || ¢>"2Z)

t hrow new Argumrent Exception();
}
if (col <0 || col >= NunCol s)

t hrow new | ndexQut Of RangeException();

%:ells[c - "A, col] = value;
}
}
10.9.1
74.2
10.10
(operator)

operator-declarations

operator-declaration:
attributes,;  operator-modifiers  operator-declarator  operator-body

operator-modifiers:
operator-modifier
operator-modifiers  operator-modifier

operator-modifier:
public
static
extern

operator-declarator:
unary-operator-declarator
binary-operator-declarator
conversion-operator-declarator

unary-operator-declarator:
type operator overloadable-unary-operator ( type identifier )

overloadable-unary-operator:
+ - ! ~ ++ -- true false

binary-operator-declarator:

type operator overloadable-binary-operator ( type identifier , type

overloadable-binary-operator:
+
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<<
right-shift
| =

>

<

>=

<=

conversion-operator-declarator:
implicit operator type (  type identifier )
explicit operator type ( type identifier )

operator-body:

block
10.10.1 10.10.2
10.10.3
extern (external operator)

operator-body operator-
body block block
10.6.10

public static

r ef out

10.10.1 10.10.2 10.10.3

354

new
72
6.4
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T
+ - | ~ T T?
++ -- T T?
true fal se T T? bool
+ - 1~ 4+ -- true fal se
true fal se
7.11.2 7.19 true fal se

operator ++

public class IntVector

public IntVector(int length) {...}
public int Length {...} /1 read-only property
public int this[int index] {...} /1 read-write indexer

public static IntVector operator ++(IntVector iv) {
I nt Vector tenmp = new I ntVector(iv.Length);
for (int i = 0; i <iv.Length; i++)
tenp[i] = iv[i] + 1;
return tenp;

}
cl ass Test
static void Main() {
IntVector ivl = new IntVector(4); /1 vector of 4 x O
I nt Vector iv2;
iv2 = ivl++; // iv2 contains 4 x 0, ivl contains 4 x 1
iv2 = ++ivl: // iv2 contains 4 x 2, ivl contains 4 x 2
}
}
1
7.6.5 C++
10.10.2
T
T T?
<< >> T T?
i nt int?
+ - % & | N << > = Il= > < >=
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operator == operator =
oper at or > operator <
operat or >= operator <=
10.10.3
(user-defined conversion) 6.4
implicit
6.1
explicit
6.2
S T S T null So To
So To S T
S T
So To
So To
So To interface-type
S T T S
S T

class C<T> {...}
class D<T>. C<T>

public static inplicit operator C<int>(D<T> value) {...} /1 Ok
public static inplicit operator C<string>(D<T> value) {...} // Ck

public static inplicit operator C<T>(D<T> value) {...} /1 Error
}
10.9.3 T i nt string
C<T> D<T>
C C i nt i nt C
i nt bool
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obj ect
obj ect obj ect

struct Converti bl e<T>

public static inplicit operator Convertible<T>(T value) {...}
public static explicit operator T(Convertible<T> value) {...}

obj ect T
obj ect
S T 6.1 S T
S T 6.2 S T
S T
obj ect Converti bl e<T>
void F(int i, Convertible<int> n) {
i = n; [/ Error
i = (int)n; [/ User-defined explicit conversion
n =i, /1 User-defined inplicit conversion
n = (Convertible<int>)i; /1 User-defined inplicit conversion
}
obj ect
voi d F(object o, Convertibl e<object> n) {
o = n; /1 Pre-defined boxing conversion
o = (object)n; /1 Pre-defined boxing conversion
n = o, /1 User-defined inplicit conversion
n = (Converti bl e<obj ect >)oo; /1 Pre-defined unboxi ng conversion
}

interface-types
interface-type
interface-type interface-type

inplicit explicit
inmplicit explicit

usi ng System
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public struct Digit

if (value < 0 || value > 9) throw new Argurent Exception();

public static inplicit operator byte(D git d) {

public static explicit operator Digit(byte b) {

{
byt e val ue;
public D git(byte val ue)
this.value = val ue;
}
return d.val ue;
}
return new Digit(b);
}
}
Digit byt e
Digit Digit
10.11

(instance constructor)
constructor-declarations

constructor-declaration:
attributes,y

constructor-modifiers:
constructor-modifier
constructor-modifiers

constructor-modifier:
public
prot ect ed
i nt ernal
private
extern

constructor-declarator:

identifier  ( formal-parameter-listoy
constructor-initializer:
base (  argument-listoy
this ( argument-listoy
constructor-body:
block
constructor-declaration attributes
extern 10.6.7
constructor-declarator identifier

formal-parameter-list

742

330

constructor-modifiersop

byte

byt e

constructor-declarator

constructor-modifier

)

17

3.6

constructor-initializergy

10.35

formal-parameter-list
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formal-parameter-list

354
constructor-initializer
10.11.1
extern
constructor-body block
voi d

10.11.4
object-creation-expressions
10.11.1
obj ect
constructor-body
initializer

base( argument-listyy)
argument-list 74.3

10.11.4

t hi s(argument-listoy)
argument-list

a(...) {...}

C(...): base() {...}

formal-parameter-list

class A

public A(int x, int y) {}

class B: A

10

constructor-body

(external constructor)
constructor-body

block 10.6.10

75.10.1 constructor-initializers

constructor-

743

base()

public B(int x, int y): base(x +vy, x - V) {}
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this simple-name

10.11.2
base(...)

variable-initializers

10.11.3

usi ng System

class A
public A() {
PrintF|)eI ds();
}
public virtual void PrintFields() {}
}
class B: A
int x = 1;
int vy;
public B() {
y = -1
}
public override void PrintFields() {
Console.WiteLine("x = {0}, y = {1}", X, Vy);
}
}
new B() B
x=1 y =20
X 1 y
i nt y

constructor-body

usi ng System
usi ng System Col | ecti ons;

class A

int x =1, y = -1, count;
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public A() {

count = O;
public A(int n) {

count = n;
}

}

class B: A

double sqrt2 = Math. Sqrt (2.0);

ArraylList items = new ArraylList(100);

int max;

public B(): this(100)
itens. Add("default");

}
public B(int n): base(n - 1) {
max = n;
}
}
base
usi ng System Col | ecti ons;
class A
int x, y, count;
public A() {
x = 1; /1
y:_]_; /1
obj ect (); /1
count = O;
}
public A(int n) {
x = 1; /1
= -1; /1
obj ect (); /1
count = n;
}
class B: A
{
doubl e sqrt2
ArrayLi st itens;
int nax;
public B(): this(100) {
B(100); Il
itens. Add("default");
public B(int n): base(n - 1) {
sqrt2 = Math. Sgrt(2.0); /1
itens = new ArraylLi st (100); /1
A(n - 1); /1
max = n;
}
}

O Microsoft Corporation 1999-2008

this

Vari abl e i
Vari abl e i
I nvoke obj

Vari abl e i
Vari abl e i
I nvoke obj

I nvoke B(i

Vari abl e i
Vari abl e i
I nvoke A(i

tializer
tializer
t() constructor

n
n
ec

l'izer
lizer

tia
tia
t() constructor

n
ni
ec

nt) constructor

nitializer
nitializer
nt) constructor
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10.11.4

protected C(): base() {}

public C(): base() {}
C

cl ass Message

obj ect sender;
string text;

cl ass Message

obj ect sender;
string text;

public Message(): base() {}

10.11.5

public class Trig

{
private Trig() {} [/ Prevent instantiation
public const double Pl = 3.14159265358979323846
public static double Sin(double x) {...}
public static double Cos(double x) {...}
public static double Tan(double x) {...}
}
Trig
10.11.6
this(...)
cl ass Text

public Text(): this(0, 0, null) {}
public Text(int x, int y): this(x, y, null) {}
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10.12

static-constructor-declaration

public Text(int x, int y, string s) {

/1 Actual constructor inplenentation
}
o)
Text t1 = new Text();
Text t2 = new Text (5, 10);
Text t3 = new Text (5, 20, "Hello");

(static constructor)
static-constructor-declarations

static-constructor-declaration:

attributes,;  static-constructor-modifiers identifier
static-constructor-modifiers:
externg static

static ext er Ngy

static-constructor-body:
block

attributes 17

static-constructor-body

static-constructor-declaration identifier
extern
constructor)
voi d
Mai n 3.1
5.2
1045.1

O Microsoft Corporation 1999-2008

// Same as Text (0, O,
// Same as Text (5, 10,

10

nul |)
nul 1)

static-constructor-body

¢ )

extern 10.6.7

(external static
static-constructor-body
block

method-body 10.6.10

105.1
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usi ng System

cl ass Test
static void Main() {
A F();
B.F();
}
}
class A
static ) {
Consol e. WiteLine("Init A");
public static void F()
Consol e. WiteLine("A F");
}
}
class B
{
static B()
Consol e. WiteLine("lnit B");
public static void F()
Consol e. WiteLine("B. F");
}
Init A
AF
Init B
B.F
A AF B

usi ng System
class A

public static int X
static A() {
X =BY

+ 1;

}
}
class B

public static int Y = A X + 1;

static B() {}

static void Main() {

Console.WiteLine("X = {0}, Y ={1}", A X B.Y);

}

336 O Microsoft Corporation 1999-2008



10

X=1 Y =2
Mai n B B.Y
A X Y A A
X Y 0 A X 1 A
Y 2
10.1.5

cl ass Gen<T> where T: struct
static Gen()

{
if (!typeof(T).IsEnum ({
t hrow new Argunent Exception("T nmust be an enuni);
}

}
}

10.13

(destructor) destructor-
declaration

destructor-declaration:
attributes,y  externgy ~  identifier  ( ) destructor-body

destructor-body:
block

destructor-declaration attributes 17

destructor-declarator identifier

extern (external destructor)
destructor-body
destructor-body block
destructor-body voi d 10.6.10 method-body

3.9
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338

usi ng System

class A
{
Consol e. WitelLine("A s destructor");
}
class B: A
&) .
Consol e. WitelLine("B' s destructor");
}
class Test
static void Main() {
B b = new B();
b =null;
GC. Col l ect ();
GC. Wi t For Pendi ngFi nal i zers();

B' s destructor
A s destructor

Syst em Obj ect Finali ze C#

class A

override protected void Finalize() {} // error
public void F() {

this.Finalize(); /Il error
}
}
class A
void Finalize() {} /1 permitted
Syst em Obj ect Finalize
16.3
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10.14
8.2 7.4 (iterator)
10.14.1 10.14.2
method-body operator-body accessor-
body
r ef out
10.14.1
(enumerator interface) System Col | ecti ons. | Enuner at or
System Col | ecti ons. Generi c. | Enuner at or <T>
| Enuner at or | Enuner at or <T>
10.14.2
(enumerable interface) Syst em Col | ecti ons. | Enuner abl e
System Col | ecti ons. Generi c. | Enuner abl e<T>
| Enurrer abl e | Enuner abl e<T>
10.14.3
(vield type)
| Enurrer at or | Enurrer abl e obj ect
| Enurrer at or <T> | Enuner abl e<T> T
10.14.4
(enumerator object)
MoveNext
| Enuner at or | Enuner at or <T> T
System | Di sposabl e
(before) (running) (suspended) (after)
(before)
242
| Enurrer abl e | Enuner abl e<T>

MoveNext  Current Di spose

| Enuner at or. Reset
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Syst em Not Support edExcepti on
10.14.4.1 MoveNext

MoveNext MoveNext
Current MoveNext MoveNext
(before) MoveNext
o] (running)
o] this
0
(running) MoveNext
(suspended) MoveNext
o] (running)
0 this
MoveNext
o] yield return
(after) MoveNext fal se
MoveNext yieldreturn
yi el d br eak
yield return 8.14
0] Current
o] this yield return
yield return try
finally
o] (suspended)
0 MoveNext true
yi el d break 8.14
o] yi el d break try finally
o] (after)
0 MoveNext fal se
0 (after)
0 MoveNext fal se
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0] finally
o (after)
0] MoveNext

10.14.4.2 Current

Current yield return
(suspended) Qur rent
(before) (running) (after)
obj ect
| Enuner at or <T> Current
10.14.4.3 Dispose
Di spose (after)
(before) Di spose
(running) Di spose
(suspended) D spose
0 (running)
o] finally yield return
(after) Di spose
0 (after)
(after) D spose
10.14.5
(enumerable object)
| Enurrer abl e | Enuner abl e<T> T
| Enuner at or | Enuner at or <T>

Cet Enuner at or
Cet Enuner at or

O Microsoft Corporation 1999-2008

| Enumrer abl e

10

MoveNext
Cur r ent

Current
obj ect

(after)

yi el d break

Cet Enuner at or
MbveNext

24.2
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10.14.5.1 GetEnumerator

| Enuner abl e | Enuner abl e<T> Cet Enuner at or
Cet Enuner at or
10.14.4

10.14.6
C# Microsoft C#

St ack<T> Get Enuner at or

usi ng System
usi ng System Col | ecti ons;
usi ng System Col | ecti ons. Generi c;

cl ass Stack<T>: | Enunerabl e<T>

T[] itens;
int count;

public void Push(T item {
if (items == null) {
itens = new T[4];

else if (itens.Length == count) {
T[] newitens = new T[count * 2];
Array. Copy(itens, 0, newltens, 0, count);
items = new tens;

itens[count++] = item

public T Pop() {
Tresult = itenms[--count];
itens[count] = defaul t(T);
return result;

}

public | Enunerator<T> Get Enunerator() {
for (int i =count - 1; i >=0; --i) yield returnitens[i];
}

}

CGet Enuner at or

cl ass Stack<T>: | Enunerabl e<T>

{

public | Enumer at or <T> Get Enunerator() {
return new __ Enunerator1(this);

class __Enuneratorl1: |Enunerator<T> |Enunerator

int _state;

T __current;

St ack<T> _ this;
int i;
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public _ Enunerator1(Stack<T> __this) {
this. this = _this;

public T Current {
get { return __current; }

obj ect | Enunerator. Current {
get { return __current; }
}

public bool MoveNext () ({
switch (__state) {
case 1. goto __statel,;
case 2. goto _ state2;

i = this.count - 1;

__loop:
if (i <0) goto _ state2;
_current = __this.itens[i];
__State = 1;
return true;
__Statel:
--1;
goto __ | oop;
__state2:
__state = 2;
return fal se;
}
public void D spose() {

__state = 2;

voi d | Enuner at or. Reset ()
t hr ow new Not Support edException();

MoveNext
i MoveNext

1 10 Fr oniTo

usi ng System
usi ng System Col | ecti ons. Generi c;

cl ass Test

{

static |Enumerabl e<int> Fromfo(int from int to) {
while (from<=1t0) yield return fromt+;

static void Min()
| Enuner abl e<int> e = FronTo(1, 10);
foreach (int x ine) {
foreach (int y ine) {
Console.Wite("{0,3} ", x * vy);

}
Consol e. WiteLine();

}
}
}
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Fromlo

usi ng System

usi ng System Thr eadi ng;

usi ng System Col | ecti ons;

usi ng System Col | ecti ons. Generi c;

cl ass Test

static |Enunmerabl e<int> Fromfo(int from int to) {
return new __ Enunerabl el(from to);

class __Enunerabl el:
| Enurer abl e<i nt>, | Enunerabl e,
| Enunerat or<i nt>, | Enuner at or

{

int _state;

int _current;

int _from

int from

int to;

int i;

public _ Enunerablel(int _ from int to) {
this. from= _ from
this.to = to;

public | Enunerator<int> Get Enunerator() {
__Enunerablel result = this;
if (Interl ocked. ConpareExchange(ref _ state, 1, 0) != 0) {
result = new __ Enunerabl el(__from to);
result. state = 1;

result.from= result. from
return result;

}

| Enurer at or | Enuner abl e. Get Enunerator () {
return (I Enunerator) Get Enunerator();

public int Current {
get { return __current; }

obj ect | Enunerator.Current {
get { return __current; }

public bool MyveNext() {

switch (__state) {

case 1:
if (from> to) goto case 2;
__current = from+;
__State = 1;
return true;

case 2:
__state = 2;
return fal se;

defaul t:
t hr ow new I nval i dOperati onException();
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public void Dispose() {
__state = 2;

voi d | Enurer at or . Reset ()
t hr ow new Not Support edException();

}
}
}
Get Enuner at or Get Enuner at or
I nt erl ocked. Conpar eExchange

from to from
__from from

__state 0 MoveNext I nval i dOper ati onExcepti on

Get Enuner at or

Tr ee<T> Get Enuner at or

usi ng System
usi ng System Col | ecti ons. Generi c;

cl ass Tree<T>: | Enuner abl e<T>

T val ue;
Tree<T> left;
Tree<T> right;

public Tree(T value, Tree<T> left, Tree<T> right) {
this.value = val ue;
this.left = left;

this.right = right;

publ i c | Enumer at or <T> Get Enunerator() {
if (left '=null) foreach (T x in left) yield x;
yi el d val ue;
if (right '= null) foreach (T x in right) yield x;

}

cl ass Program

static Tree<T> MakeTree<T>(T[] itens, int left, int right) {
if (left >right) return null;
int i = (left +right) / 2;
return new Tree<T>(itens[i],
MakeTree(itens, left, i - 1),
MakeTree(itens, i + 1, right));
}

static Tree<T> MakeTree<T>(parans T[] itens) {
return MakeTree(itens, O, itens.Length - 1);
}

ut put of the programis:
456789
e d Thu Fri Sat Sun

~——
~——
g3

>
SNOD
— WO

5
ue W
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static void Main() {
Tree<int> ints = MakeTree(l, 2, 3, 4, 5 6, 7, 8, 9);
foreach (int i in ints) Console. Wite("{O0} ", i);
Consol e. WiteLine();

Tree<string> strings = MakeTree(
"Mon", "Tue", "Wed", "Thu", "Fri", "Sat", "Sun");
foreach (string s in strings) Console. Wite("{0} ", s);
Consol e. WiteLine();
}
}

Cet Enuner at or

cl ass Tree<T>: | Enunerabl e<T>

{

public | Enunerat or <T> Get Enunerator() {
return new __ Enunerator1(this);
}

class __Enuneratorl : |Enunerator<T>, |Enunerator

Node<T> _ this;

| Enurerator<T> __left, __right;
int _ state;

T __current;

public _ Enunerator1(Node<T> _ this) {
this. _this = _this;
}

public T Current {
get { return __current; }

obj ect | Enunerator.Current {
get { return __current; }

public bool MveNext() {

try {
switch (__state) {

case O:
__State = -1;
if (_this.left == null) goto _ yield val ue;
__left = this.left. Get Enunerator();
goto case 1,
case 1:
__state = -2;
if (! __left.MoveNext()) goto __left_dispose;
_current = __left.CQurrent;
__State = 1;

return true;

__left_dispose:
__State = -1;
__left.D spose();

__yield_val ue:
__current = __this.value;
__state = 2;
return true;
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case 2:
__state = -1;
if (_this.right == null) goto __ end;
_right = this.right.GetEnunerator();
goto case 3;
case 3:
__state = -3;
if (!__right.MoveNext()) goto __right_di spose;
_current = __right.Current;
__state = 3;

return true;

__right_dispose:
__State = -1;
__right.Dispose();

__end:

__State = 4;
br eak;

y {
if (_state < 0) Dispose();

return fal se;

public void D spose() {
try {
switch (__state) {
case 1:
case -2:
__left.D spose();
br eak;

case 3:

case -3:
__right.Dispose();
br eak;

voi d | Enunerator. Reset () {
t hr ow new Not Support edException();

}
}

foreach __left
__state
foreach
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11.

4.14 C# int double bool
C# 113 ”
114
11.1
struct-declaration type-declaration 9.6
struct-declaration:
attributes,c  struct-modifiersy,e  partial o  struct  identifier  type-parameter-listyy
struct-interfacesy,,  type-parameter-constraints-clausesy,  struct-body ;o
struct-declaration attributes 17
struct-modifiers 11.1.1 parti al struct identifier
type-parameter-list 10.1.3 struct-interfaces 11.1.2
type-parameters-constraints-clauses 10.15 struct-body 11.1.4
11.1.1
struct-declaration
struct-modifiers:
struct-modifier
struct-modifiers  struct-modifier
struct-modifier:
new
public
prot ect ed
i nternal
private
10.1
11.1.2
parti al struct-declaration
O Microsoft Corporation 1999-2008
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10.2
11.1.3
struct-interfaces

struct-interfaces:
interface-type-list

134
11.1.4
struct-body
struct-body:

{  struct-member-declarationse,:  }

11.2

struct-member-declarations

Syst em Val ueType

struct-member-declarations:
struct-member-declaration
struct-member-declarations

struct-member-declaration:
constant-declaration
field-declaration
method-declaration
property-declaration
event-declaration
indexer-declaration
operator-declaration
constructor-declaration
static-constructor-declaration
type-declaration

113

11.3

11.31

10.3

Syst em Val ueType

nul |

this

350

7.5.7

11.34

obj ect

struct-member-declaration

10.14

1132
1133

11.35

11.3.7
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11.3.8
11.39
1131
4.1 4.2

struct Node

i nt dat a;

Node next; // error, Node directly depends on itself

Node
struct A{ B b; }
struct B{ Cc; }
struct C{ A a; }

A B C
r ef out
nul |
struct Poi nt
public int x, vy;
public Point(int x, int y) {
this.x = x;
this.y = vy;
}
}
Poi nt a = new Point (10, 10);
Point b = a;
a.x = 100;
Syst em Consol e. Wit eLi ne(b. x);
10 a b b a. x
Poi nt 100 a b
11.3.2
Syst em Val ueType obj ect
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abst ract
seal ed
pr ot ect ed prot ect ed
i nt er nal
abstract vi rt ual override
Syst em Val ueType
11.3.3
r ef out
7.16.1
11.3.4
5.2
nul | nul |
nul |
Poi nt
Point[] a = new Point[ 100];
Poi nt X y
41.2
nul |

usi ng System

struct KeyVal uePair
string key;
string val ue;

publ i c KeyVal uePair (string key, string val ue)
if (key == null || value == null) throw new Argunent Exception();
this. key = key;
this.value = val ue;

null KeyVal uePai r
key val ue null

11.35

obj ect
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obj ect
obj ect obj ect
Syst em Obj ect Equal s Get HashCode ToString
usi ng System
struct Counter
int val ue;
public override string ToString() {
val ue++;
return val ue. ToString();
}
}
cl ass Program
static void Test<T>() where T. new() {
T X = new T();
Consol e. WiteLine(x. ToString());
Consol e. WiteLine(x. ToString());
Consol e. WiteLine(x. ToString());
static void Main() {
Test <Count er >();
}
}
1
2
3
ToString x. ToString()
| Count er
I ncr enent | Count er
I ncr ement I ncrenment

usi ng System
i nterface | Counter

void I ncrenent();

}

struct Counter: |Counter

i nt val ue;
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public override string ToString() {
return val ue. ToString();

void | Counter.Increnment() {

val ue++;

}
}

cl ass Program

static void Test<T>() where T: |Counter, new() {
T X = new T();
Consol e. Wit eLi ne(x);

X. I ncrenent(); /1 Modify x
Consol e. Wit eLi ne(x);
((lI Counter)x).lncrement(); /1 Nodify boxed copy of x

Consol e. Wit eLi ne(x);

}

static void Main() {
Test <Count er >();

}

I ncr enent
X

PR O

11.3.6 this

this

11.3.7

11.3.4
nul |

struct Poi nt

public int x
public int y

X I ncrenent

43

this this
this

this out
r ef this
this this r ef

1, // FError, initializer not permtted
1, // FError, initializer not permtted
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11.3.8

null
struct Poi nt

412

int x, vy;
public Point(int x, int y) {
this.x = x;
this.y =vy;
}
}
Poi nt pl = new Point();
Poi nt p2 = new Point(0, 0);
Poi nt X y
base(...)
this
out out this
this
r ef this
struct Poi nt
int x, vy;
public int X {
set { x = value; }
}
public int Y {
set { y = value; }

public Point(int x, int vy
X .

= X;
Y =y,
}
}
11.3.9
11.3.10
356

not yet definitely assigned
not yet definitely assigned

) |
/!l error, thi
t hi

sis
/1 error, s is

Poi nt
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1134

11.4

st ruct
C#

11.4.1
DBI nt i nt

usi ng System
public struct DBInt

/1 The Null menber represents an unknown DBI nt val ue.
public static readonly DBInt Null = new DBInt();

[/ When the defined field is true, this DBInt represents a known val ue
/1 which is stored in the value field. When the defined field is fal se,
// this DBInt represents an unknown val ue, and the value field is O.

i nt val ue;
bool defi ned;

/!l Private instance constructor. Creates a DBInt with a known val ue.

DBI nt (i nt val ue) {
this.value = val ue;
this.defined = true;

[/ The IsNull property is true if this DBInt represents an unknown val ue.
public bool IsNull { get { return !defined; } }

/1 The Val ue property is the known value of this DBInt, or Oif this
// DBInt represents an unknown val ue.

public int Value { get { return value; } }
/1 lmplicit conversion fromint to DBInt.

public static inplicit operator DBInt(int x) {
return new DBInt (x);

/1 Explicit conversion fromDBInt to int. Throws an exception if the
/1 given DBInt represents an unknown val ue.

public static explicit operator int(DBInt x) {
if (!x.defined) throw new | nvalidOperationException();
return x.val ue;

public static DBInt operator +(DBlnt x) {
return x;

public static DBInt operator -(DBlnt x) {
return x.defined ? -x.value : Null;
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11.4.2

DBBool . Nul |

358

}

public static DBInt
return x.defined

public static DBInt
return x.defined
}

public static DBInt
return x.defined

public static DBInt
return x.defined

public static DBInt
return x.defined
}

public static DBBool
public static DBBool

public static DBBool

}
public static DBBool

public static DBBool

public static DBBool
}

public override bool
if (!(obj
DBl nt x =
return val ue

}

is DBInt))
(DBl nt) obj ;
x.val ue && defi ned

operator +(DBInt x,
&& y. defined? x.val

operator -(DBlnt x,
&& y. defined? x.val

operator *(DBInt x,
&& y. defined? x.val

operator /(DBlnt x,
&& y. defined? x.val

operator % DBl nt x,

operator ==(DBI nt X,
return x.defined & y. defined? x.val ue

oper at or

operator >(DBInt X,
return x.defined & y. defined? x.val ue > y.val ue:

operator <(DBInt X,
return x.defined & y. defined? x.val ue < y.val ue:

operator >=(DBInt x,
return x.defined & y.defined? x.value >= y.val ue:

operator <=(DBInt x,
return x.defined & y. defined? x.value <= y. val ue:

Equal s(obj ect obj)
return fal se;

public override int GetHashCode() {

return val ue;

public override stri

}

return defined? val ue. ToString():

DBBool

Nul |

usi ng System

public struct DBBool

/1 The three possible DBBool

ng ToString() {

val ues.

I'=(DBI nt x,
return x.defined & y.defined? x.value !=y.val ue:

DBl

ue + vy.

DBl
ue -

DBI nt

ue *

DBI nt

ue /

DBI nt
&& y. defined? x.value %vy.

{

nt

y) {

val ue: Null;

nt y) {

y.value: Null;

y) {

y.val ue: Null;

y) {

y.value: Null;

y) {

val ue: Null;

DBInt y) {
= y. val ue:

DBInt y) {

DBInt y) {

DBBool . Nul |

DBInt y) {

DBBool . Nul |

DBInt y) {

DBInt y) {

x. def i ned;

“DBInt.Null”;

DBBool . True DBBool
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public static readonly DBBool Null = new DBBool (0);
public static readonly DBBool Fal se = new DBBool (-1);
public static readonly DBBool True = new DBBool (1);

[/ Private field that stores -1, 0, 1 for False, Null, True.
shyt e val ue;
/1 Private instance constructor. The val ue paraneter nust be -1, 0, or 1.

DBBool (int val ue) {
this.value = (sbyte)val ue;
}

/1 Properties to exami ne the value of a DBBool. Return true if this
/1 DBBool has the given val ue, fal se otherw se.

public bool IsNull { get { return value == 0; } }
public bool IsFalse { get { return value < 0; } }
public bool IsTrue { get { return value > 0; } }

/1 lmplicit conversion frombool to DBBool. Maps true to DBBool. True and
// false to DBBool. Fal se.

public static inplicit operator DBBool (bool x) {
return x? True: Fal se;

}
/1 Explicit conversion from DBBool to bool. Throws an exception if the
/1 given DBBool is Null, otherwi se returns true or false.

public static explicit operator bool (DBBool x) {
if (x.value == 0) throw new | nvalidOperationException();
return x.value > 0;

}

/1 Equality operator. Returns Null if either operand is Null, otherw se
/1 returns True or Fal se.

public static DBBool operator ==(DBBool x, DBBool y) {

if (x.value == 0 || y.value == 0) return Null;
return x.value == y.value? True: Fal se;
}
/1 Inequality operator. Returns Null if either operand is Null, otherw se

/1 returns True or Fal se.
public static DBBool operator !=(DBBool x, DBBool y) {

if (x.value == 0 || y.value == 0) return Null;

return x.value !=y.value? True: Fal se;
}
/1 Logical negation operator. Returns True if the operand is Fal se, Null
/1 if the operand is Null, or False if the operand Is True.

public static DBBool operator ! (DBBool x) {
return new DBBool (- x. val ue);

/1 Logical AND operator. Returns False if either operand is False,
/1 otherwise Null if either operand is Null, otherw se True.

public static DBBool operator &(DBBool x, DBBool y) {
return new DBBool (x.value < y.val ue? x.value: y.value);

/1 Logical OR operator. Returns True if either operand is True, otherw se
/1 Null if either operand is Null, otherw se False.
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360

public static DBBool operator |(DBBool x, DBBool y) {
return new DBBool (x.value > y.value? x.value: y.value);

/1 Definitely true operator. Returns true if the operand is True, false
/] otherw se.

public static bool operator true(DBBool x) {
return x.value > 0;
}

/Il Definitely false operator. Returns true if the operand is Fal se, false
/1 otherw se.

public static bool operator fal se(DBBool x) {
return x.val ue < 0;
}

public override bool Equal s(object obj) {
if (!(obj is DBBool)) return false;
return val ue == ((DBBool )obj). val ue;

}

public override int GetHashCode() ({
return val ue;
}

public override string ToString() {
if (value > 0) return "DBBool . True";
if (value < 0) return "DBBool . Fal se";
return "DBBool . Nul I ";
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12.

(single-dimensional array) “ " 1 (multi-
dimensional array)
N 0 N-1 N-1
12.1
non-array-type rank-specifiers
array-type:
non-array-type  rank-specifiers
non-array-type:
type
rank-specifiers:
rank-specifier
rank-specifiers  rank-specifier
rank-specifier:
[ dim-separatorSe: ]
dim-separators:
aim-separators
non-array-type array-type type
array-type rank-specifier rank-specifier

rank-specifier Lo
rank-specifier
TR R T
TR[R]...[RJ R T[R]...[RJ

rank-specifier

int[]1[,,][,]

i nt
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nul |
12.1.1 System.Array
System Array System Array
6.1.6 System Arr ay 6.2.4
System Array array-type array-types
class-type
System Arr ay nul
12.1.2 IList
T[] System Col | ecti ons. Generi c. | Li st <T> | Li st<T>
T[] | Li st <T> S T
SN | Li st<T> 9] | Li st<T> 6.1.6
S T S[] | Li st<T>
6.2.4

usi ng System Col | ecti ons. Generi c;
cl ass Test

static void Main() {
string[] sa = new string[5
object[] oal ject]
obj ect[] oa2

I List<string> Istl = sa; /1 Ok
I List<string> | st2 = oal; [/ Error, cast needed
| Li st<object> Ist3 = sa; /1 Ck
| Li st<object> |Ist4 = oal; /1 Ok
I List<string> Ist5 = (IList<string>)oal; // Exception
I List<string> Ist6 = (IList<string>)oa2; // Ck
}
}
Ist2 = oal obj ect[] | Li st<string>
(IList<string>)oal oal
obj ect[] string[] (I'Li st<string>)oa2 oa2
string[]
S ] | Li st<T> | Li st<T> S[]
6.2.4
Sl | Li st<T>
12.2
array-creation-expressions 75.104 array-initializer 12.6

System Array
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array-creation-expressions 5.2
12.3
Alg, Lz ..., Iy element-access 756.1
A I x int uint long ulong
foreach 8.84
12.4
System Array
12.5
reference-types A B A B 6.1.6
6.2.4 AR B[ Rl R
rank-specifier R
(array covariance) AR B[ R|
B A
7.16.1
cl ass Test
static void Fill(object[] array, int index, int count, object value) {
for (int i = index; I < index + count; i++) array[i] = val ue;
}
static void Min()
string[] strings = new string[100];
Fill(strings, 0, 100, "Undefined");
Fill(strings, 0, 10, null);
Fill(strings, 90, 10, 0);
}
}
Fill array[i] val ue nul |
array Mai n Fill
array[i] System ArrayTypeM smat chExcepti on
i nt string
value-types int[] obj ect[]
12.6
105 8.5.1
7.5.104

array-initializer:
{ variable-initializer-listoy; ~ }
{ variable-initializer-list }
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364

variable-initializer-list:
variable-initializer
variable-initializer-list

variable-initializer:
expression
array-initializer

int[] a

{0, 2, 4,

int[] a = newint[]

int[]
a[0] = 0; a[1] = 2;

int[,] b

{{o, 1},

variable-initializer

6, 8};

{0, 2, 4, 6, 8};

a[2] = 4; a[3] = 6; a[4]

{2, 3}, {4, 5}, {6, 7},
5

int[,] b =newint[5, 2];

I n
O~NOITWE

b[0O, O] = 0; b[O0, 1]

b[1, O] = 2; b[1, 1]

b[2, O] = 4; b[2, 1]

b[3, 0] = 6; b[3, 1]

b[4, O] = 8; b[4, 1]
int[,] ¢ ={};

int[,] ¢ =newint[0, O];

= 8;

{8, 91},
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nt i = 3;

nt[] x = new int[ 3]
nt{] v =newint[i]
nt{] z = new int[3]

O Microsoft Corporation 1999-2008
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i not a constant
length/initializer msmatch
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13.

13.1
interface-declaration type-declaration 9.6
interface-declaration:
attributes,;  interface-modifiers,y  partial o« interface identifier type-
parameter-listoy
interface-baseq:  type-parameter-constraints-clausesy,:  interface-body ;o
interface-declaration attributes 17
interface-modifiers 13.1.1 parti al interface
identifier type-parameter-list 10.1.3 interface-base
13.1.2 type-parameter-constraints-clauses 10.15 interface-body
13.1.4
13.1.1

interface-declaration

interface-modifiers:
interface-modifier
interface-modifiers  interface-modifier

interface-modifier:

new
public
prot ect ed
i nt ernal
private
new 10.34
public protected internal private
351
13.1.2
parti al interface-declaration 10.2
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13.1.3
(explicit base interface)
interface-base:
interface-type-list
type-parameter type-argument
354 public
interface-base private i nt ernal
(base interface)
interface |Control
void Paint();
}
interface | TextBox: | Control
{
voi d SetText (string text);
}
interface IListBox: |Control
{
} void Setltens(string[] itens);
interface | ConboBox: | TextBox, |ListBox {}
| ComboBox | Control 1textBox | Li st Box
| ComboBox Set Text Setltens Pai nt
13.1.4
interface-body
interface-body:
{ interface-member-declarationsey:  }
13.2

interface-member-declarations:
interface-member-declaration
interface-member-declarations  interface-member-declaration
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interface-member-declaration:
interface-method-declaration
interface-property-declaration
interface-event-declaration
interface-indexer-declaration

public
abstract public protected internal private virtual
override static

public del egate void StringlListEvent (IStringlList sender);
public interface IStringList

voi d Add(string s);

int Count { get; }

event StringLi st Event Changed;

string this[int index] { get; set; }

}

interface-declaration 3.3 interface-declaration interface-

member-declarations interface-member-declarations
3.6

r ef out
new 3.71.2
new new
obj ect 13.2

obj ect 7.3
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13.2.1
interface-method-declarations

interface-method-declaration:
attributes,y  newyy  return-type
( formal-parameter-list,,, )

attributes return-type identifier

10.6
13.2.2
interface-property-declarations

interface-property-declaration:

attributes,y  newyy  type identifier  {

interface-accessors:

identifier

type-parameter-list

type-parameter-constraints-clausesyy, ;

formal-parameter-list

interface-accessors }

attributes,:  get :
attributes,;  set :
attributes,:  get : attributes,y  set :
attributes,;  set : attributes,y  get :
attributes  type identifier 10.7
10.7.2
13.2.3
interface-event-declarations
interface-event-declaration:
attributes,;y  new:  event type identifier ;
attributes  type identifier 10.8
13.2.4
interface-indexer-declarations
interface-indexer-declaration:
attributesoc  newoy type this [ formal-parameter-list ] { interface-
accessors  }
attributes  type formal-parameter-list

10.9

13.25
754

370
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7.3
7551 7.5.6.2

interface IList

int Count { get; set; }
}
i nterface | Counter

void Count(int i);
}
interface IListCounter: IList, ICounter {}

class C

voi d Test (IListCounter x) {

x. Count (1); /I Error
x. Count = 1; /]l Error
((IList)x).Count = 1; /1 O, invokes I|List.Count.set
((ICounter)x).Count(1); /1 O, invokes | Counter. Count
}
}
| Li st Count er Count 7.3
X

interface Ilnteger

void Add(int i);

i nterface | Doubl e

voi d Add(doubl e d);

interface I Nunber: I|lnteger, |Double {}
class C
voi d Test (I Number n) {
n. Add(1); /1 1nvokes |1nteger.Add
n. Add( 1. 0); /1 Only | Double. Add is applicable
((I'l'nteger)n). Add(1); /1 Only linteger.Add is a candi date
((1 Doubl e)n). Add(1); /1 Only | Double. Add is a candidate
}
}
n. Add(1) I I nt eger. Add 7.4.3
n. Add( 1. 0) | Doubl e. Add
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| Base.

13.3

Pai nt

372

interface |Base

void F(int i);

}
interface ILeft: |Base
{
new void F(int i);
}
interface IR ght: |Base
{
void );
interface |IDerived: ILeft, IR ght {}
class A
voi d Test(lDerived d) {
d.F(1); /1 Invokes |Left.F
((IBase)d).F(1); /'l Invokes | Base.F
((lLeft)d).F(1); /1 Invokes |Left.F
((IRight)d). F(1); /'l Invokes | Base.F
}
F ILeft.F | Ri ght
d. F(1) I Left.F
| Derived | Left | Base
| Derived | Ri ght | Base
(fully qualified name)
interface |Control
void Paint();
}
interface | TextBox: | Control
voi d SetText (string text);
}
| Control.Paint SetText

| Text Box. Pai nt Pai nt

namespace System
public interface |ICl oneable

obj ect d one();

| Base. F

| Base. F

| Text Box. Set Text
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d one System | d oneabl e. C one

13.4

interface | C oneabl e

obj ect d one();

i nterface |Conparable

i nt Conpar eTo(obj ect other);

class ListEntry: |C oneable, |Conparable

public object Cone() {...}

public int ConpareTo(object other) {...}
}

interface | Contro

} void Paint();

interface | TextBox: |Contro

voi d SetText(string text);
}

cl ass Text Box: | Text Box

public void Paint() {...}

public void Set Text(string text) {...}
}

Text Box | Contr ol | Text Box

C C
44

class C<U, V> {}

interface |1<V> {}

class Do C<string,int> |1<string> {}
class E<T>: C<int,T> 11<T> {}

1342
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1341

(explicit interface member implementation)

interface IList<T>

T[] CetH enents();

interface IDictionary<kK V>

V this[K key]:
voi d Add(K key, V value);

class List<T>: IList<T> |IDictionary<int,T>
T[] IList<T> GetH ements() {...}
T IDctionary<int,T>this[int index] {...}
void I Dictionary<int, T> Add(i nt index, T value) {...}

IDictionary<int,T>.this I Di ctionary<int, T>. Add

C ose | Di sposabl e
interface |Di sposable
voi d Di spose();
}
class MyFile: |Disposable

voi d | Di sposabl e. Di spose() {
d ose();

public void dose() {
/1 Do what's necessary to close the file
Syst em GC. Suppr essFinali ze(this);

}
}

abstract
static

private
public

Di spose

vi rt ual
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cl ass Shape: 1C oneabl e

obj ect I oneable.Clone() {...}
i nt | Conparabl e. Conpar eTo(obj ect other) {...} [/ invalid

| Conpar abl e. Conpar eTo | Conpar abl e Shape
| A oneabl e

cl ass Shape: |C oneabl e

obj ect I oneable.Clone() {...}

class Ellipse: Shape

obj ect ICloneable.Cone() {...} [/ invalid

Ellipse | C oneabl e. Cl one | d oneabl e

interface | Control

} void Paint();

i nterface | Text Box: | Control

voi d SetText(string text);
}

cl ass Text Box: | Text Box

void | Control.Paint() {...}

voi d | Text Box. Set Text (string text) {...}
}

Pai nt | Control . Paint
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13.4.2

interface |I<T>
void F();
class X<U, V>: |I<U>, |I<V> /1l Error: I<U> and |I<V> conflict

void I<Us. F() {...}
void I<Vvs. F() {...}

I<int> x = new X<int,int>();
F .

X L | <U> | <\V> U Vv

interface |I<T>

void F();

cl ass Base<U>: |<U>

void I<U>. F() {.}
}
cl ass Derived<U, V>: Base<U>, |<V> /1 Ck

void 1<V F() {.}

}
Deri ved<U, V> | <U> | <V>
I<int> x = new Derived<int,int>();
x. F();
Deri ved Derived<int,int> | <i nt> 13.4.6

13.4.3

376 O Microsoft Corporation 1999-2008



13

interface |I<A B, C

void F<T>(T t) where T: A

void GT>(T t) where T: B;

void HT>(T t) where T: C
}

class C |<object, C string>

public void F<T>(T t) .} 1 Gk
public void GT>(T t) where T: c{...} /1 Gk
/1

public void HKT>(T t) where T: str|ng{ .} Error
}
C F<T> | <obj ect, C, string>. F<T> C. F<T>
T: object obj ect C. &T>
| <obj ect, C, string> &T>
C. HKT> string

| <obj ect, C, string> HT>

class C |<object, C string>

public void HU>(U u) where U class {...}

voi d | <obj ect, Cstrlng> HT>(T t) {
string s —t /1

H<T>(t);
}
T: string
t S T
13.4.4
(interface mapping)
C C
.M | M C
S
S | M .M
S M public .M
.M S
C
A B
A A B
A A B A B A
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interface | C oneabl e

obj ect d one();

class C. 1d oneabl e

obj ect I oneable.Clone() {...}
public object Cone() {...}

C | C oneabl e. C one | C oneabl e C one

interface | Control

} void Paint();

interface | Form

void Paint();

}
class Page: |Control, |IForm
public void Paint() {...}
| Cont r ol | Form Pai nt Page Pai nt

interface |Base

int P{ get; }
}

interface | Derived: |Base

new int P();
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class C |Derived

int |Base.P { get {...} }

} int IDerived.P() {...}

class C |Derived

public int P{ get {...} }
int IDerived.P() {...}

class C |Derived

int IBase.P { get {...} }
public int P() {...}

interface | Control

void Paint();

nt erface | Text Box: | Contr ol

voi d SetText (string text);

nterface |ListBox: |Control

void Setltens(string[] itens);

}
i
{
}
i
{
}
cl ass ComboBox: |Control, | TextBox, |ListBox
{

void I Control.Paint() {...}
voi d | Text Box. Set Text (string text) {...}
voi d I ListBox.Setltens(string[] itens) {...}

}
| Contr ol | Text Box | Cont r ol

| Li st Box | Cont r ol
| Control | Text Box I Li st Box

interface Interfacel

void F();

class O assl

public void F() {}
public void () {}

O Microsoft Corporation 1999-2008
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class Cass2: Cassl, Interfacel

new public void Q) {}

d assl F Cl ass?2 I nterfacel

13.45

(re-implementing)

interface | Control

} void Paint();

class Control: |Control

public void Paint() {...}

cl ass Text Box: Control

new public void Paint() {...}

Text Box Pai nt Cont r ol Pai nt Control . Pai nt
| Control . Pai nt Pai nt

Control ¢ = new Control ();

Text Box t = new Text Box();

| Control ic = c;

| Control it =t;

c.Paint(); /1 invokes Control.Paint();

t.Paint(); /1 invokes Text Box. Paint();

ic.Paint(); /1 invokes Control.Paint();

it.Paint(); /1 invokes Control.Paint();

interface | Control

} void Paint();

class Control: |Control

public virtual void Paint() {...}

cl ass Text Box: Control

public override void Paint() {...}
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Control ¢ = new Control ();
Text Box t = new Text Box();
| Control ic = c;
| Control it =t;
c.Paint(); /1 invokes Control.Paint();
t.Paint(); /1 invokes Text Box. Paint();
ic.Paint(); /1 invokes Control.Paint();
it.Paint(); /1 invokes Text Box. Paint();
interface | Control

void Paint();
class Control: |Control

void I Control.Paint() { PaintControl (); }
protected virtual void PaintControl () {...}
cl ass Text Box: Control

protected override void PaintControl () {...}

Contr ol Pai nt Cont r ol | Control . Paint

13.4.6

(re-
implement)

interface | Control

} void Paint();

class Control: | Control

void I Control.Paint() {...}

class MyControl: Control, |Control
public void Paint() {}

Contr ol | Control . Paint Control .| Control. Pai nt My Cont r ol
| Control . Paint MyCont rol . Pai nt
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Deri ved

i nterface | Met hods

{
void F();
void );
void H();
} void I();

cl ass Base: | Met hods

voi d | Met hods. F()
voi d | Met hods. )
public void H() {}
public void I() {}

{}
{}

cl ass Derived: Base, |Mthods

public void F() {}
voi d | Met hods. H() {}

| Met hods

Deri ved. | Met hods. H Base.

13.4.7

382

| Deri ved

interface |Base

void F();

interface | Derived: |Base
void Q);

class C |Derived

void IBase.F() {...}

} void IDerived. ) {...}

class D0 C, |Derived

public void F() {...}
public void () {...}

| Base

Derived. F Base.| Met hods. G

| Base. F D. F
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i nterface | Met hods

void F();
void Q);

abstract class C: | Met hods

public abstract void F();
public abstract void );

}
| Met hods F G

i nterface | Met hods

void F();
void Q);

abstract class C. | Met hods

{ void | Methods. F() { FF(); }

void IMethods. ) { GX); }

prot ected abstract void FF();
prot ected abstract void GX);

C FF
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14.

(enum type) 4.1

enum Col or

Red,
G een,
Bl ue
}
Col or Red G een Bl ue
14.1
enum
enum-declaration:
attributes,y  enum-modifiers,;y  enum identifier  enum-base,,  enum-body
enum-base:
integral-type
enum-body:
{ enum-member-declarationse,:  }
{ enum-member-declarations , }
(underlying type)
byte sbyte short
ushort int wuint [|ong ul ong char
i nt
enum Col or: | ong
{
Red,
G een,
Bl ue
}
| ong | ong
| ong i nt
14.2

enum-declaration

enum-modifiers:
enum-modifier
enum-modifiers  enum-modifier
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enum-modifier:
new
public
prot ect ed
i nt ernal
private

10.1.1
abstract seal ed

14.3

enum-member-declarations:
enum-member-declaration
enum-member-declarations enum-member-declaration

enum-member-declaration:
attributes,  identifier
attributes,  identifier = constant-expression

enum Col or: uint
Red = -1,

Green = -2,
Blue = -3

-1 -2 -3 ui nt

enum Col or
Red,

G een,
Bl ue,

Max = Bl ue

Bl ue Max

constant-exp ression
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usi ng System
enum Col or

{
Red,
G een = 10,
Bl ue
}
cl ass Test
{
static void Main() {
Consol e. WiteLi ne(StringFronCol or (Col or. Red) ) ;
Consol e. WiteLine(StringFronCol or(Col or. Geen));
Consol e. WiteLi ne(StringFrontCol or (Col or. Bl ue));
static string StringFromCol or(Color c) {
switch (c) {
case Col or. Red:
return String. Format("Red = {0}", (int) c);
case Col or. G een:
return String. Format ("G een = {0}", (int) c);
case Col or. Bl ue:
return String. Format("Blue = {0}", (int) c);
defaul t:
return "Invalid color";
}
}
}
Red = 0
Geen = 10
Blue = 11
Red
G een 10
Bl ue 1

enum Ci rcul ar

A = B,
B
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14.4 System.Enum

Syst em Enum

Syst em Enum Syst em Enum
431 Syst em Enum 4.3.2

Syst em Enum enum-type class-type enum-types

Syst em Enum Syst em Val ueType 411 obj ect
System Enum nul |
14.5
6.2.2
14.3 E v (B)v
= l= < > <= >= 7.9.5 + 7.7.4
- 7.7.5 nN& | 7.10.2 ~ 7.6.4 ++ -- 7.5.9
7.6.5
System Enum System Val ueType obj ect
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15.

C++ Pascal Modula C++
C++

Syst em Del egat e

151 : ”
15.1

delegate-declaration type-declaration 9.6

delegate-declaration:
attributes,;  delegate-modifiers,y  del egate  return-type identifier type-parameter-
listop
( formal-parameter-list,y )  type-parameter-constraints-clausesyy —;

delegate-modifiers:
delegate-modifier
delegate-modifiers  delegate-modifier

delegate-modifier:
new
public
prot ect ed
i nt ernal
private

new
10.34

public protected internal private
3.5.1

identifier
formal-parameter-list return-type
type-parameter-list

C#

7.9.8
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del egate int Di(int i, double d);
class A

public static int M(int a, double b) {...}

class B

{
del egate int D2(int c, double d);

public static int M(int f, double g) {...}
public static void M(int k, double I) {...}
public static int MB(int g) {...}
public static void Mi(int g) {...}

}
D1 D2 A ML B. ML
D1 D2 B. M2
B. M3 B. v
del egat e bool Predicate<T>(T value);
class X
static bool F(int i) {...}
static bool G string s) {...}
}
Predi cat e<i nt > X F Predi cat e<string> X. G
delegate-declaration Syst em Del egat e
seal ed
System Del egat e Syst em Del egat e
C#
System Del egat e
15.2
+ 7.74 += 7.16.2 - 775
-= 7.16.2

7.9.8
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del egate void D(int x);
class C

public static void M(int
public static void M(int

}

cl ass Test

static void Main() {
D cdl new D(C. M) ;
D cd2 new D( C. M2) ;
D cd3 cdl + cdz;
D cd4 = cd3 + cdi;
D cd5 cd4 + cd3;

cdl cd2

cd4
M M ML M

15.2

out

r ef out

6.1.1

r ef out

15.3

delegate-creation-expression

delegate-creation-expression

delegate-creation-expression

del egate void D(int Xx);
class C

public static void ML(int
public void M(int i) {...}

O Microsoft Corporation 1999-2008

i) {...
i) {...

i) {...

15

}
}
ML
M
ML + M2
ML+ M+ ML
ML + M2 + ML + ML + MR
cd3 ML
ML MR ML cd5
15.4
D (compatible)
M r ef
D M
6.1.6
M
75.105
nul |
}
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cl ass Test
{
static void Main() {
D cdl = new D(C. M) ; /1 static nethod
Ct = new (();
D cd2 = new D(t.M); /1 instance nethod
D cd3 = new D(cd2); /1 anot her del egate

154
C#
7553
catch
10.6.1.2
catch
null Syst em Nul | Ref er enceExcepti on

usi ng System
del egate void D(int x);
class C

{
public static void M(int i) {

Consol e. WiteLine("C. ML: " + i);

public static void M(int i) {
Consol e. WiteLine("C. M2: " + i);

public void M3(int i) {
Console.WiteLine("C.M3: " + i);
}

}

cl ass Test
static void Main() {

)
D cdl = new D(C. M) ;
/1

cdl(-1); call ML
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D cd2 = new D(C. M) ;

cd2(-2); [/ call M

D cd3 = cdl + cd2;

cd3(10); /[l call ML then M

cd3 += cdi;

cd3(20); [/ call M, M, then M

Cc = new (();

D cd4 = new D(c. MB);

cd3 += cd4;

cd3(30); /[l call M, M, M, then M

cd3 -= cdil; /!l rempve last M
cd3(40); /1 call ML, M, then M3

cd3 -= cd4;
cd3(50); /1 call ML then M

cd3 -= cd2;
cd3(60); /1 call M

cd3 -= cd2; /1 inpossible renoval is benign
cd3(60); /1 call M

cd3 -= cdi; /1 invocation list is enpty so cd3 is null
/1 cd3(70); /1 System Nul | Ref er enceExcepti on t hrown
cd3 -= cdi; /1 inpossible renoval is benign

}
}

cd3 += cdi;

cd3 -= cdi; cd3

-1
-2
10
10
20
20
20
30
30
30
30
40
40
40
50
50
60
60

00D0NNNNNONNONNNON
FERERRFESENEENERARE
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C#
C# C++
C# System Excepti on
C# finally 8.10
C++
C# null
16.1
t hr ow 8.9.5
Gt
7.7.2
Syst em Di vi deByZer oExcepti on
16.2 System.Exception
Syst em Excepti on
Message string
| nner Excepti on Exception
null
Syst em Exception
16.3
try 8.10
cat ch
try
catch
try

cat ch
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null
| nner Except i on

16

16.

catch

try

catch

C++

t hr ow

164
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catch catch catch

try try
finally

catch

catch 10.12
System Typel nitializationException
System Typelnitializati onException

catch

obj ect

16.4
C#

System Arithneti cExcepti on

Syst em Di vi deByZer oExcepti on
System Over f | owExcept i on

System ArrayTypeM smat chExcepti on

Syst em Di vi deByZer oExcepti on

Syst em | ndexQut Of RangeExcept i on

System I nval i dCast Except i on

Syst em Nul | Ref er enceExcepti on

nul |

Syst em Qut O Menor yExcept i on new

Syst em Overfl owExcepti on checked

Syst em St ackOver f | owExcepti on

System Typel nitial i zati onException

cat ch
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17

17.

C#
method-modifiers public protected internal private

C# (attribute)
Hel pAttribute

17.1 171.2

17.2 C#
17.3
17.1

System Attribute (attribute class)
(attribute)
Attribute
17.11
AttributeUsage 1741

AttributeUsage 17.1.2

usi ng System

[AttributeUsage(AttributeTargets.Class | AttributeTargets.Interface)]
public class SinpleAttribute: Attribute

Sinpl eAttribute class-declarations interface-
declarations

[Sinmple] class Classl {...}

[Simple] interface Interfacel {...}

Si npl e Sinpl eAttribute
Attribute Si npl e

[SinmpleAttribute] class dassl {...}

[SinpleAttribute] interface Interfacel {...}
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AttributeUsage Al lowMil tiple 17.1.2
Al lowMil tiple true

(multi-use attribute class)
AllowMul tiple false (single-use attribute class)

usi ng System

[AttributeUsage(AttributeTargets.Class, AllowMltiple = true)]
public class AuthorAttribute: Attribute

{
private string nane;
public AuthorAttribute(string name) {
thi s. nane = naneg;
}
public string Name {
get { return nane; }
}

Aut hor Attri bute

[ Aut hor ("Bri an Kernighan"), Author("Dennis Ritchie")]
class Cassl

{
}
Aut hor
AttributeUsage I nherited
| nherited true
I nherited false true
Attribut eUsage X

usi ng System
class X: Attribute {...}

usi ng System

[AttributeUsage(
AttributeTargets. All,
Allowwul tiple = fal se,
I nherited = true)

]

class X Attribute {...}

17.1.2
(positional parameter) (named parameter)

398 O Microsoft Corporation 1999-2008



usi ng System

[AttributeUsage(Attribut eTargets. Cl ass)]

public class Hel pAttribute:
{
public Hel pAttribute(string url)

Attribute

{ /1 Positional paraneter

17

}
public string Topic { /1 Named paranet er
get {...}
set {...}
public string Url {
get {...}
}
Hel pAttribute (url) (Topi c)
Ur
[Hel p("http://ww. myconpany.com .../ C assl. htm')]
class O assl
{
}
[Hel p("http://ww. nyconpany.com .../Msc.htnl, Topic = "C ass2")]
class O ass?2
{
}
17.1.3
(attribute parameter type)
bool byte char double float int long sbyte short string
uint ulong ushort
obj ect
System Type
public
public 17.2
17.2
(Attribute specification)
type-declarations 9.6 class-member-declarations
10.1.5 interface-member-declarations 132 struct-member-declarations 1.2
14.3 accessor-declarations 10.7.2 event-

enum-member-declarations

accessor-declarations 10.8.1

O Microsoft Corporation 1999-2008
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C#

(attribute section)

[AI[Bl [BI[A [A B [B Al

global-attributes:
global-attribute-sections

global-attribute-sections:
global-attribute-section
global-attribute-sections  global-attribute-section

global-attribute-section:
[ global-attribute-target-specifier  attribute-list ]
[ global-attribute-target-specifier  attribute-list , ]

global-attribute-target-specifier:
global-attribute-target

global-attribute-target:
assenbly
nodul e

attributes:
attribute-sections

attribute-sections:
attribute-section
attribute-sections  attribute-section

attribute-section:
[ attribute-target-specifier,;  attribute-list ]
[ attribute-target-specifieroy ~ attribute-list , ]

attribute-target-specifier:
attribute-target

attribute-target:
field
event
net hod
par am
property
return

t ype
attribute-list:

attribute
attribute-list attribute

attribute:
attribute-name  attribute-argumentsoy,

attribute-name:
type-name

attribute-arguments:
( positional-argument-listy;; )
( positional-argument-list named-argument-list )
( named-argument-list )
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positional-argument-list:
positional-argument
positional-argument-list positional-argument

positional-argument:
attribute-argument-expression

named-argument-list:
named-argument
named-argument-list | named-argument

named-argument:
identifier =  attribute-argument-expression

attribute-argument-expression:
expression

attribute-name
attribute-argument-expression
attribute-argument-expression

attribute-name attribute-name type-name

class Oassl {}
[ assl] class O ass2 {} /Il FError

d assl1 d assl

attribute-target-specifier
global-attribute-target-specifier
attribute-target-specifier

attribute-target-specifiers

attribute-target-specifier assenbl y attribute-target-
specifier nmodul e attribute-target-specifier
attribute-target-specifier t ype attribute-target-specifier

ret urn attribute-target-specifier

attribute-target-specifier met hod attribute-target-specifier
ret urn attribute-target-specifier

attribute-target-specifier met hod attribute-target-specifier
ret urn attribute-target-specifier
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402

add remove
attribute-target-specifier event attribute-target-
specifier field attribute-target-specifier
met hod attribute-target-specifier

get
attribute-target-specifier met hod
attribute-target-specifier return attribute-target-specifier
set
attribute-target-specifier
met hod attribute-target-specifier par am attribute-target-
specifier ret urn attribute-target-specifier
attribute-target-specifier met hod
attribute-target-specifier par am attribute-target-specifier

ret urn attribute-target-specifier

attribute-target-specifier
type

[type: Author("Brian Kernighan")]
class Oassl {}

[Aut hor ("Dennis R tchie")]
class Oass2 {}

attribute-target-specifier par am
[ param Author ("Brian Kerni ghan")] /Il Error
class Oassl {}
Attribute type-name attribute-name
attribute-name identifier 242

usi ng System

[AttributeUsage(AttributeTargets. All)]
public class X: Attribute

{}

[AttributeUsage(AttributeTargets. All)]
public class XAttribute: Attribute

{}

X] /1 Error: anbiguity
class Oassl {}

[ XAt tri bute] /1l Refers to XAttribute

class Oass2 {}
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@ /] Refers to X
class dass3 {}

[@Attribute] // Refers to XAttribute
class O ass4 {}
X XAttribute [X] X
XAttribute
[ XAttribute] XAttributeAttribute
X XAttribute

usi ng System

[AttributeUsage(AttributeTargets. All)]
public class XAttribute: Attribute

{}

X] /1l Refers to XAttribute

class Oassl {}

[ XAt tri bute] /1l Refers to XAttribute

class Oass2 {}

[ @] /[l Error: no attribute naned "X"

class dass3 {}

usi ng System

[AttributeUsage(Attribut eTargets. Cl ass)]
public class Hel pStringAttribute: Attribute

string val ue;

public Hel pStringAttribute(string value) {
this.val ue = val ue;
}

public string Value {
get {...}

}
[Hel pString("Description of Cassl")]
[ Hel pString("Another description of Cassl")]
public class dassl {}
O assl Hel pString
E attribute-argument-expression

E 17.1.3

0 System Type

0 attribute-argument-expression
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usi ng System

[AttributeUsage(Attribut eTargets. Cl ass)]
public class TestAttribute: Attribute

public int P1 {

get {...}

set {...}
public Type P2 {

get {...}

set {...}

public object P3 {
get {...
set {...}

}
[Test(P1 = 1234, P3 = newint[] {1, 3, 5}, P2 = typeof(float))]
class Myd ass {}

typeof-expression 75.11

class A: Attribute
public A(Type t) {...}

class <T>

[A(typeof (T))] T t; /1 Error, open type in attribute
class X
[A(typeof (List<int>))] int x; /1 O, closed constructed type
[A(typeof (List<>))] Int vy; /1 Ok, unbound generic type
17.3
(attribute instance)
17.3.1

T positional-argument-list P named-argument-list N attribute

new T(P) object-creation-expression
T C

404 O Microsoft Corporation 1999-2008



N named-argument Arg
o] Nane named-argument Arg identifier
0 Nane T public T
T T

positional-argument-list P named-argument-list N

17.3.2
attribute T T C
argument-list P named-argument-list N
new T(P) object-creation-expression
T @)
N named-argument Arg
o] Nane named-argument Ar g identifier Nane )
public

o] Val ue Arg attribute-argument-expression

0] Name @) Val ue

0] Nare @) Val ue

o] ) positional-argument-list P named-argument-list N

T

17.4

System Attri but eUsageAttribute 17.4.1

Syst em Di agnosti cs. Condi tional Attribute
System (bsol et eAttribute 1743

17.4.1 AttributeUsage

AttributeUsage
AttributeUsage

namespace System

17.4.2

System Attri bute

[AttributeUsage(Attribut eTargets. Cl ass)]

public class AttributeUsageAttribute:

Attribute

17

positional-

public AttributeUsageAttribute(AttributeTargets validOn) {...}

public virtual bool AllowMiltiple { get {...} set {...} }

public virtual bool Inherited { get {...} set {...} }
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public virtual AttributeTargets ValidOn { get {...} }

public enum AttributeTargets

{
Assenbly = 0x0001,
Modul e = 0x0002,
d ass = 0x0004,
Struct = 0x0008,
Enum = 0x0010,
Constructor = 0x0020,
Met hod = 0x0040,
Property = 0x0080,
Field = 0x0100,
Event = 0x0200,
Interface = 0x0400,
Par amet er = 0x0800,
Del egat e = 0x1000,
Ret urnVal ue = 0x2000,
Al = Assenbly | Mddule | Cass | Struct | Enum| Constructor |
Method | Property | Field | Event | Interface | Paraneter |
Del egate | ReturnVal ue
}
}
17.4.2 Conditional
Condi ti onal (conditional method) (conditional attribute
class)
namespace System Di agnostics
[AttributeUsage(Attribut eTargets. Method | AttributeTargets. d ass,
Allowul tiple = true)]
public class Conditional Attribute: Attribute
public Conditional Attribute(string conditionString) {...}
public string ConditionString { get {...} }
}
}
17421
Condi ti onal Condi ti onal
class-declaration struct-declaration
Condi ti onal
void
override vi rtual

Condi ti onal
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delegate-creation-expression
#defi ne DEBUG

usi ng System
usi ng System Di agnosti cs;

class O assl
[ Condi tional (" DEBUG")

]
public static void M) {
Consol e. WitelLine("Executed d assl.M);
}

}

class Cl ass?2

public static void Test() {

G assl. M);
}
C assl. M C ass?2 Test
DEBUG Cl ass?2. Test M DEBUG Cl ass?2. Test
Cl assl. M
cl assl. cs

usi ng System Di agnhosti cs;
class Cassl

[ Condi tional (" DEBUG') ]
public static void F()
Consol e. WitelLine("Executed d assl.F");

cl ass2.cs
#def i ne DEBUG
class C ass?2

public static void )
G assl. F(); /I Fis called

cl ass3.cs
#undef DEBUG
class Cl ass3

public static void H) {
A assl. F(); /1 Fis not called
}
C ass?2 C ass3 C assl. F DEBUG
Cl ass?2 d ass3
C ass?2 F d ass3 F
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base. M base

cl assl. cs

usi ng System
usi ng System Di agnhosti cs;

class O assl

[ Condi tional (" DEBUG') ]

public virtual void M) {
Consol e. WiteLine("d assl. M executed");
}
}
cl ass2. cs

usi ng System
class O ass2: dassl

public override void M) {
Consol e. WiteLine("d ass2. M executed");
base. M) ; /1 base.Mis not call ed!

cl ass3. cs
#defi ne DEBUG
usi ng System
class C ass3

public static void Test()
G ass2 ¢ = new O ass2();

c.M); // Mis called
}
C ass2 M
DEBUG “ Cass2. M
execut ed” pp-declaration
17.4.2.2
Condi ti onal 17.1 (conditional attribute
class) Condi ti onal

usi ng System

usi ng System Di agnhosti cs;

[ Condi tional ("ALPHA")]

[ Condi tional ("BETA")]

public class TestAttribute : Attribute {}

Test Attri bute ALPHA BETA

408

17.2
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test.cs
usi ng System

usi ng System Di agnosti cs;

[ Condi tional (“DEBUG) ]

public class TestAttribute :

classl.cs
#defi ne DEBUG
[ Test]
class Oassl {}

cl ass2. cs
#undef DEBUG
[ Test]
class Oass2 {}
Cl ass?2

d assl1
C ass?

d assl

17.4.3 Obsolete
bsol et e

namespace System

[AttributeUsage(
AttributeTargets.
AttributeTargets.
AttributeTargets.
AttributeTargets.
AttributeTargets.
AttributeTargets.
AttributeTargets.
AttributeTargets.
AttributeTargets.
AttributeTargets.

Test

Attribute {}

[/l TestAttribute is specified

/] TestAttribute is not specified

Cl ass?
Test

d assil

Cl ass |
Struct |
Enum |
Interface |
Del egat e |
Met hod |
Constructor |
Property |
Field |
Event ,

Inherited = fal se)

]
public class Obsol eteAttribute:

Attribute

{
public Cosol eteAttribute() {...}
public (osol eteAttribute(string message) {...}
public Chsol eteAttribute(string message, bool
public string Message { get {...} }
public bool IsError { get {...} }

}

}
Qosol et e

f
true
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al se
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[ Cbsol ete("This class is obsolete; use class B instead")]
class A

public void F() {}

class B

public void F() {}

cl ass Test
{
static void Min()
A a = new A(); /1 \Mrni ng
a. F();
}
A bsol ete Mai n A
class is obsolete; use class B instead”

17.5
C# Microsoft .NET

1751 COM Win32

NET C# COM Win32 DLL
static extern D | I nport
Win32 DLL Syst em Runti me. | nt eropSer vi ces
NET
17.5.2 .NET

17.5.2.1 IndexerName

.NET .NET
| ndexer Nane Item | ndexer Name

namespace System Runtine. Conpi | er Servi ces. CShar p

[AttributeUsage(Attribut eTargets. Property)]
public class IndexerNaneAttribute: Attribute

public | ndexerNameAttribute(string indexerNanme) {...}
public string Value { get {...} }
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18.

C# C C++
C#
C# C C++ C#

C C++

C C++ C#

C#
(unsafe code)

CH C
unsaf e

18.1

C#

unsaf e unsafe-statement

unsafe
unsaf e
unsafe-statement block block
(...)

class-modifier:

unsaf e

struct-modifier:

unsaf e

interface-modifier:

unsaf e
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412

delegate-modifier:

unsaf e

field-modifier:

unsaf e

method-modifier:

unsafe
property-modifier:
unsafe

event-modifier:

unsaf e

indexer-modifier:

unsaf e

operator-modifier:

unsaf e

constructor-modifier:

unsaf e

destructor-declaration:

attributes,y  ext erngy  unsaf egy
attributes,y  unsaf eqy  exter ngy
static-constructor-modifiers:
externg: unsafeg sStatic
unsafeqy externg static
externg static unsaf eqy
unsafeqy Static  externgy
static externg unsaf egy
static unsaf egy  externyy
embedded-statement:
unsafe-statement
unsafe-statement:
unsafe  block
public unsafe struct Node

public int Val ue;
publ i c Node* Left;
publ i c Node* Right;

identifier
identifier

destructor-body
destructor-body

()
¢ )

O Microsoft Corporation 1999-2008



unsafe
Left Ri ght

public struct Node
public int Val ue;
publ i c unsafe Node* Left;
publ i c unsafe Node* Right;

unsaf e

unsaf e

public class A

public unsafe virtual void F() {
char* p;

}
}

public class B: A

public override void F() {
base. F();

unsaf e F

B F unsaf e

public unsafe class A

public virtual void F(char* p) {...}

public class B: A

public unsafe override void F(char* p) {...

F
A
B
18.2
type 4 pointer-type
pointer-type t ypeof
type:
E);)i nter-type
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unsaf e

value-type
7.5.10.6

reference-type
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C#
pointer-type unmanaged-type

pointer-type:
unmanaged-type  *
void *

unmanaged-type:
type

unmanaged-type

reference-type
unmanaged-type

unmanaged-type

voi d

(referent type)

reference-type

sbyte byte short wushort int uint long ulong char float
bool
enum-type
pointer-type
unmanaged-types struct-type
byt e* byt e
char * char
i nt * % | nt
int*[] int
voi d*
C C++ C# *
int* pi, pj; /1 NOT as int *pi, *pj;
T T
int* P *p i nt P

414

doubl e deci nal

*
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voi d*
voi d*

18

nul | nul
nul |

voi d*

obj ect
obj ect 4.3
184

pointer-type 4.4 7.4.2

pointer-type 1053

r ef out

usi ng System
cl ass Test

static int value = 20;

unsafe static void F(out int* pil, ref int* pi2) {
int i = 10;
pil = & ;
fixed (int* pj = &value) {
I
pi2 = pj;
}

static void Main() {

int i = 10;

unsafe {
int* px1;
int* px2 = & ;
F(out px1, ref px2);
Consol e. WiteLine("*px1l = {0}, *px2 = {1}",

*px1l, *px2); /1 undefined behavi or

i nt (val ue) val ue
nul |
unsafe static int* Find(int* pi, int size, int value) {
for (int i =0; i < size; ++i) {
if (*pi == val ue)
return pi;
++pi ;

return null
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* 185.1
-> 18.5.2
[ 185.3
& 1854
++ -- 1855
+ - 18.5.6
= 1= < > <= => 18.5.7
stackal | oc 18.7
fixed 18.6
18.3
address-of 1854 fixed 18.6
(Fixed variable) (moveable variable)
& 185.4
fixed 18.6
fixed
simple-name 752
V. | member-access 754 Y, struct-type
*p pointer-indirection-expression 18.5.1 P- > pointer-member-access
18.5.2 Pl E] pointer-element-access 18.5.3
r ef out
18.4
6.1
pointer-type voi d*
nul | pointer-type
6.2
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pointer-type pointer-type
shyte byte short wushort int uint |ong ul ong pointer-type

pointer-type shyte byte short wushort int wuint |ong ul ong

6.3.1
pointer-type voi d*
A B B C
A C
char ¢ = "A';
char* pc = &c;
voi d* pv = pc;
int* pi = (1nt*)pv;
int i = *pi; [/ undefined
*pi = 123456; [/ undefined
double
usi ng System
cl ass Test
unsafe static void Main() {
doubl e d = 123. 456e23;
unsafe {
byte* pb = (byte*)&d;
for (int i = 0; i < sizeof(double); ++i)

Consol e. Wite("{0: X2} ", *pb++);
Consol e. WiteLine();

}
}
}
(Endianness)
32 64 CPU
ui nt ul ong
18.4.1
array-type System Array 6.1.6
obj ect System Array
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St

6.1.6 6.2.4

System Array array-type

System Col | ecti ons. Generi c. | Li st <S>
6.2.4

§
foreach

foreach (V v in x) embedded-statement

( X T, ] n
for
{
Tm,,..] a =x;
Vv,
for (int i0 = a. GetLower Bound(0); i0
for (int i1l = a.GetLowerBound(1); i1l
for (int in = a.CGetLowerBound(n); in <=
v = (V)a.CGtValue(iO,il,.,in);
enbedded- st at ement
}
}
a i0 i1 ..in X embedded-statement
Y T
X
Syst em Nul | Ref er enceExcepti on
18.5
access 754 invocation-expression 755
418

System Col | ecti ons. Generic. | List<T>

6.2.4

T[]

f or each

= a. Get Upper Bound(0); i 0++)
= a. Get Upper Bound(1); i1++)
a. Get Upper Bound(n); in++) {
Y, 18.4
nul |
simple-name 75.2 member-
element-access 75.6
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primary-no-array-creation-expression

primary-no-array-creation-expression:

pointer-member-access
pointer-element-access
sizeof-expression

unary-expression:

pointer-indirection-expression

addressof-expression

18.5.1

pointer-indirection-expression

pointer-indirection-expression:

*  unary-expression

T*

* nul |

Syst em Nul | Ref er enceExcepti on

18.5.2
pointer-member-access

pointer-member-access:
primary-expression - >

P->|
P

P->|
185.1

usi ng System
struct Poi nt

O Microsoft Corporation 1999-2008

primary-expression

identifier

voi d*

(*P). |
()

18

7.5 unary-expression

unary-expression

*P
* voi d*

18.4

*)
754

identifier

7.6

531
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public override string ToString() {
return "(" +x +"," +y +")";

}

cl ass Test

static void Main() {
Poi nt point;
unsafe {
Poi nt* p = &point;
p->x = 10;
p->y = 20;
Consol e. WiteLine(p->ToString());

->
(*P). 1 Mai n
cl ass Test

static void Main() {
Poi nt point;
unsafe {
Poi nt* p = &point;
*p). X 10;
*p).y 20;
Consol e. WiteLine((*p).ToString());

}
}
}

18.5.3

pointer-element-access primary-no-array-creation-expression S I

pointer-element-access:

P- >l

primary-no-array-creation-expression [  expression ]

P[ E] P voi d*
int uint 1long ul ong

Pl E] *(P + E)
18.5.1 (+)

cl ass Test

static void Min() {

unsafe {
char* p = stackall oc char[256];

for (int i =0; i <256, 1++) p[i]

420

18.5.6

= (char)i;
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for PLE]
cl ass Test
static void Main() {
unsafe {
char* p = stackall oc char[256];
for (int i =0; i <256, i++) *(p + i)
}
}
}
C C++

18.5.4 address-of

addressof-expression “ and” (&)

addressof-expression:
&  unary-expression

T 18.3
T E

“ K 754
readonly

usi ng System
cl ass Test

static void Main() {
int i;
unsafe {
int* p = &
*p = 123;

Consol e. WiteLine(i);

}
}

API API

O Microsoft Corporation 1999-2008

unary-expression

= (char)i;

18

*(P + E
E
18.6
API
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18.5.5
++ -- 75.9 76.5 voi d*
T*
T* operator ++(T* X);
T* operator --(T* x);
x +1  x-1 185.6 ™
++ si zeof (T) --
si zeof (T)
18.5.6
+ - 7.7.4 7.75 voi d*
T*

T* operator +(T* x, int y);

T* operator +(T* x, uint y);

T* operator +(T* x, long vy);

T* operator +(T* x, ulong y);

T* operator +(int x, T* y);

T* operator +(uint x, T* vy);

T* operator +(long x, T* y);

T* operator +(ulong x, T* y):

T* operator —(T* x, int y);

T* operator —(T* x, uint y);

T* operator —(T* x, long y);

T* operator —(T* x, ulong y);

|l ong operator —(T* x, T* y);

T* P int uint 1ong ul ong N P+ N N
L p T+ P N * sizeof (T)
P- N N P
N * sizeof (T)
T+ P Q P-Q P Q
si zeof (T) | ong P-Q ((1ong) (P)

- (long)(Q) [/ sizeof (T)

usi ng System
cl ass Test

{

static void Min() {
unsafe {

int* values = stackalloc int[20];

int* p = &val ues[1];
int* q = &al ues[ 15];
Consol e. WiteLine("p -
Consol e. WiteLine("q -

422
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[
T o
1

14

18.5.7

bool operat
bool operat
bool operat
bool operat
bool operat
bool operat

18.5.8 sizeof

si zeof
unmanaged-type

-14

or ==(void* x,
or !'=(void* x,
or <(void* x,
or >(void* x,
or <=(void* x,
or >=(void* x,

18.2

sizeof-expression:

si zeof

si zeof

( unmanaged-type

i nt

< > <=

voi d*

voi d* y);
voi d* y);

S

zeof (shyte)

S

zeof (byt e)

S

zeof (short)

S

zeof (ushort)

S

zeof (int)

S

zeof (ui nt)

S

zeof (1 ong)

S

zeof (ul ong)

S

zeof (char)

S

zeof (fl oat)

S

zeof (doubl e)

S

zeof (bool)

PO IN OO BRI N N PP
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si zeof

si zeof

18
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si zeof

18.6 fixed

embedded-statement

“ ”

embedded-statement:

fixed-statement

fixed-statement:
fixed (

fixed-pointer-declarators:
fixed-pointer-declarator
fixed-pointer-declarators

pointer-type

fixed-pointer-declarator:
identifier =
fixed-pointer-initializer:
& variable-reference

fixed-pointer-declarators )

8 fixed

embedded-statement

fixed-pointer-declarator

fixed-pointer-initializer

expression
fixed-pointer-declarator pointer-type
fixed-pointer-initializer fixed
fixed-pointer-initializers fixed embedded-
statement fixed
++ -- r ef out
fixed-pointer-initializer
‘& variable-reference 533 T
T* fixed
fixed
T array-type T* fixed
fixed
null
fixed
string char* fixed
fixed
null fixed
simple-name member-access
fixed
18.7.2 fixed

424
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fixed-pointer-initializer fixed fixed
fixed-pointer-initializer
fixed

fixed fixed
API API

cl ass Test
{
static int x;
int vy;
unsafe static void F(int* p) {
*p = l,
}
static void Main() {
Test t = new Test();
int[] a = new int[10];
unsafe {
fixed (int* p = &) F(p);
fixed (int* p = &.y) F(p);
fixed (int* p = &J[0]) F(p);
fixed (int* p = a) F(p);
}
}
}
fixed
&
fixed a fixed
&a[ 0] a
fixed string
cl ass Test
static string name = "xx";
unsafe static void F(char* p) {
for (int i =0; p[i] !'="\0"; ++i)
Consol e. WiteLine(p[i]);
}
static void Main() {
unsafe {
fixed (char* p = name) F(p);
fixed (char* p = "xx") F(p);
}
}
}
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0 Length-1
a p fixed p
p+a.Length- 1 p[ 0]
p[a. Length - 1]
usi ng System
cl ass Test
static void Main() {
int[,,] a =newint[2,3,4];
unsafe {
fixed (int* p =a) {
for (int i =0; i <a.length; ++) // treat as linear
pli] =i
}
for (int i = 0; < 2; ++i)

i
for (int j =0; j <3; ++) {
for (int k = 0; k < 4; ++k)
Console. Wite("[{0},{1},{2}] ={3,2} ", i, j, k, ali,j,k]);
Consol e. WiteLine();

}
}

}
[0,0,0] = 0[0,0,2] = 1[0,0,2] = 2[0,0,3] = 3
[0,1,0] = 4 [0,1,1] = 5][0,1,2] = 6[0,2,3] = 7
[0,2,0] = 8[0,2,1] = 9[0,2,2] =10 [0,2,3] =11
[1,0,0] =12 [1,0,1] =13 [1,0,2] =14 [1,0,3] =15
[1,1,0] =16 [1,1,1] =17 [1,1,2] =18 [1,1,3] = 19
[1,2,0] =20 ([1,2,1] =211[1,2,2] =22 [1,2,3] =23
cl ass Test

unsafe static void Fill(int* p, int count,
for (; count !'= 0; count--) *p++ = val ue;

nt val ue) {

static void Min()
int[] a = new int[100];
unsafe {
fixed (int* p =a) Fill(p, 100, -1);

fixed
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unsafe struct Font

public int size;
public fixed char nane[32];

cl ass Test

unsafe static void PutString(string s, char* buffer, int bufSize) {
int len = s.Length;
if (len > bufSize) len = bufSize;

for (int i =0; i <len; i++) buffer[i] = s[i];
for (int i =1len; i < bufSize; i++) buffer[i] = (char)O;
}
Font f;
unsafe static void Min()
Test test = new Test();
test.f.size = 10;
fixed (char* p = test.f.nanme) {
Put String("Ti mes New Roman", p, 32);
}
}
char* null
s p fixed p p+s.Length - 1
p+s.Length "\O
“C ” API
C#
char*
18.7
“C ” API
18.7.1
(fixed size buffer)
18.1

struct-member-declaration:

fi&ed-size-buffer-declaration

fixed-size-buffer-declaration:
attributes,;  fixed-size-buffer-modifiers,y ~ fi xed  buffer-element-type
fixed-size-buffer-declarators

fixed-size-buffer-modifiers:
fixed-size-buffer-modifier
fixed-size-buffer-modifier  fixed-size-buffer-modifiers
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fixed-size-buffer-modifier:
new
public
prot ect ed
i nt ernal
private
unsafe

buffer-element-type:
type

fixed-size-buffer-declarators:
fixed-size-buffer-declarator

fixed-size-buffer-declarator  fixed-size-buffer-declarators

fixed-size-buffer-declarator:
identifier [  const-expression

17

10.2.3 unsaf e

static

sbyte byte short

fl oat double bool

unsafe struct A

public fixed int x[5], y[10],

unsafe struct A

public fixed int x[5];
public fixed int y[10];
public fixed int z[100];
}
18.7.2
7.3
simple-name 75.2 member-access
428

new 10.2.2

18.1

int uint long ulong char

754
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this.| I
E. | E |
E. |
=
E
E 18.3 E I fixed-pointer-initializer 18.6
E E |
S S I

unsafe struct Font

public int size;
public fixed char nane[32];

}
cl ass Test
unsafe static void PutString(string s, char* buffer, int bufSize) {
int len = s.Length;
if (len > bufSize) len = bufSize;
for (int i =0; i <len; i++) buffer[i] = s[i];
for (int i =1len; i < bufSize; i++) buffer[i] = (char)O;
}
unsafe static void Min()
Font f;
f.size = 10;
Put String("Ti mes New Roman", f.nanme, 32);
}
18.7.3
5.3
52
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18.8
85.1
local-variable-initializer:
stackalloc-initializer
stackalloc-initializer:
stackal loc  unmanaged-type [  expression ]
unmanaged-type
constant-expression
stackal | oc T[ E] T
i nt E * sizeof (T)

T E E

System St ackOver f| owExcepti on

catch finally 8.10

st ackal | oc
al | oca C

usi ng System
cl ass Test

static string IntToString(int value) {
int n =value >= 0? value: -val ue;
unsafe {
char* buffer = stackalloc char[16];
char* p = buffer + 16;
do {
*--p = (char)(n %10 + '0");
n /= 10;
} while (n!= 0);
if (value < 0) *--p ="'-";
} return new string(p, O, (int)(buffer + 16 - p));
}

static void Min()

{
Consol e. WiteLi ne(IntToString(12345));
Consol e. WiteLine(IntToString(-999));
}
}
I nt ToString stackal | oc

expression

18.2

C++

16
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C#

9

18

st ackal | oc C#

Menor y

usi ng System
usi ng System Runti ne. | nt eropServi ces;

public unsafe class Menory

{

/1 Handle for the process heap. This handle is used in all calls to the

/1 HeapXXX APls in the methods bel ow.

static int ph = GetProcessHeap();

/1 Private instance constructor to prevent instantiation
private Menory() {}

// Allocates a nenory bl ock of the given size. The allocated nenory is

// automatically initialized to zero.

public static void* Alloc(int size) {
voi d* result = HeapAl | oc(ph, HEAP_ZERO MEMORY, size);
if (result == null) throw new Qut Of Menor yException();
return result;

}

/] Copies count bytes fromsrc to dst. The source and destination
/1 blocks are pernmitted to overlap.

public static void Copy(void* src, void* dst, int count) ({
byt e* ps = (byte*)src;
byt e* pd = (byte*)dst;
if (ps > pd) {
for (; count !'= 0; count--) *pd++ = *ps++

else if (ps < pd) {
for (ps += count, pd += count; count != 0; count--) *--pd =

}

/1 Frees a nenory bl ock.
public static void Free(void* bl ock)

*--pS;

if (!HeapFree(ph, 0, block)) throw new I nval i dOperati onException();

/
/1 larger size, the additional region of nenory is automatically
[/ initialized to zero.
public static void* ReAlloc(void* block, int size)
voi d* result = HeapReAll oc(ph, HEAP_ZERO MEMORY, bl ock, size);
if (result == null) throw new Qut Of Menor yException();
return result;

}

/1 Returns the size of a menory bl ock

public static int SizeO (void* block) {
int result = HeapSi ze(ph, 0, bl ock);
if (result == -1) throw new I nvali dOperati onException();
return result;

}
/1 Heap APl flags

const int HEAP_ZERO MEMDRY = 0x00000008;
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/1 Heap API functions

[DIInport("kernel 32")]
static extern int GetProcessHeap();

[DIInport("kernel 32")]
static extern void* HeapAlloc(int hHeap, int flags, int size);

[DIInport("kernel 32")]
static extern bool HeapFree(int hHeap, int flags, void* block);

[DIInport("kernel 32")]
static extern void* HeapReAl |l oc(int hHeap, int flags,
voi d* bl ock, int size);

[DIInport("kernel 32")]
static extern int HeapSi ze(int hHeap, int flags, void* block);

}
Menor y
cl ass Test
static void Main() {
unsafe {
byt e* buffer = (byte*)Mnory. Al |l oc(256);
try {
for (int i =0; i < 256; i++) buffer[i] = (byte)i;
byte[] array = new byt e[ 256];
fixed (byte* p = array) Menory. Copy(buffer, p, 256);
finally {
Menmory. Free(buffer);
}
for (int i =0; i < 256; i++) Console.WitelLine(array[i]);
}
}
Memory. Al | oc 256 0 255
256 Menmory. Copy
Menory. Free
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XML

(documentation generator)
(documentation file)

: XML”
Al

(/11)

17.2

single-line-doc-comment:
/11 input-charactersey,

delimited-doc-comment:

XML

(documentation comment)
XML
C#
(documentation viewer)

/**  delimited-comment-charactersy,,  */

single-line-doc-comment
111 whitespace

delimited-doc-comment
delimited-doc-comment

whitespace

111
/1] plane. </ summary>
111

public class Point

{

XML
(/**)
single-line-doc-comment single-line-doc-comment
whitespace XML
whitespace asterisk
whitespace asterisk
XML asterisk

<sunmary>Cl ass <c>Poi nt</c> nodels a point in a two-di nensional

/1] <summary>nmet hod <c>draw</c> renders the point.</sunmary>

void drawm) {..}

XML
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A2
<par ame
cref
cref
usi ng
“ List<T>" XML
“ List{T}" XML “ List&lt; T&gt;”
<summar y>
<i ncl ude> XML
A.2

XML
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<c>

N[ N

<code>

<exanpl e>

<exception>

<i ncl ude> XML

<list>

<par a>

<par anv

©| 0| Nl o O | W N|

<par ant ef >

AP AR R i Il
NN NN NN NN

[y
o

<per m ssi on>

<remar k>

<returns> .12

<see> .13

<seeal so> .14 u "

<sunmary> .15

> > P | >
NN N NN

<val ue> .16

<t ypepar anp

<t ypepar ant ef >

A.2.1<c>

<code> A2.2
<c>text</c>

/1 <summary>Cl ass <c>Poi nt</c> nodels a point in a two-di nensiona
/1 plane. </ sunmary>

/
/
public class Point
{
/1

}
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A.2.2 <code>

<c> A2l

<code>source code or program output</ code>

/1] <summary>Thi s met hod changes the point's |ocation by
11 the given x- and y-offsets.

/11 <exanpl e>For exanple:

/1] <code>

Iy Point p = new Point(3,5);

111 p. Translate(-1, 3);

/1] <l code>

/1] results in <c>p</c>s having the value (2,8).

11l <l exanpl e>

/1] </ summary>

public void Translate(int xor, int yor) {
X += xor;
Y += yor,

}

A.2.3 <example>

<code> A2.2

<exanpl e>descri ption</ exanpl e>

<code> A2.2

A.2.4 <exception>

<exception cref="nenber" >descri ption<l/ excepti on>

cref =" nemper"

member

description
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public cl ass Dat aBaseOperati ons

/1] <exception cref="MasterFileFormat Corrupt Exception"></excepti on>
/1] <exception cref="MasterFil eLockedQpenExcepti on"></excepti on>
public static void ReadRecord(int flag) {
if (flag ==
t hrow new Mast er Fi | eFor mat Corr upt Excepti on();
else if (flag ==
y t hr ow new Mast er Fi | eLockedOpenException();

}
}

A.2.5 <include>

XML XML
XPath XML XML
XML <i ncl ude>

<include file="7//enane" path="xpath" />

file="frilenane"

XML include

pat h=" xpat h"
XPath XML XML

/1] <include file="docs.xm" path="extradoc/class[ @anme="IntList"]/*" />
public class IntList { ...}

docs. xm”

<?xm version="1. 0"?>
<extradoc>
<cl ass name="Int Li st ">
<summar y>
Contains a |list of integers.
</ sunmar y>
</ cl ass>
<cl ass name="Stri ngLi st ">
<summar y>
Contains a list of integers.
</ summar y>
</ cl ass>
</ ext radoc>

/1] <summary>

11 Contains a list of integers.
/1] </ summary>

public class IntList { ...}
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A.2.6 <list>
<l i st header >
term
<itenp term
description description
<list type="bullet" | "nunber" | "table">

<l i st header >

<termpternxl/term

<descri pti on>descri ption</ descri pti on>
</li st header >
<itenr

<termpternxl/term

<descri pti on>descri ption</ descri pti on>
</itenp

<itenp
<termpternxl/term
<descri pti on>descri ption</ descri pti on>
</itemp
</list>

term

description
description

term

public class MyC ass
{

<sunmary>Here is an exanple of a bulleted list:
<list type="bullet">

<itenp

<description>ltem 1. </ description>
</itemp

<itenp

<description>ltem 2. </ descri ption>
</itemp

</list>

</ sunmar y>

}c static void Main () {

C NN~
O~

— T N~
[~

}
A.2.7 <para>

<summary> <returns> A.2.12

<par a>cont ent</ par a>
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cont ent

/1] <summary>This is the entry point of the Point class testing program
/1] <para>This programtests each nmethod and operator, and
/1] is intended to be run after any non-trvial maintenance has
/1] been perfornmed on the Point class. </para></summary>

pubI/i/c static void Main() {

}

A.2.8 <param>

<par am nane=" nanme" >descri pt i on<l par anp
name

description

/1l <summary>Thi s net hod changes the point's location to
11 the gi ven coordi nates. </ sunmary>

/1] <param name="xor">the new x-coordi nate. </ parane

/1] <param name="yor">the new y-coordi nate. </ parane

public void Mve(int xor, int yor) {

XOr ;

yor;

o

A.2.9 <paramref>

<par anr ef nane="nane"/ >

name
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<summary>Thi s constructor initializes the new Point to
(<paranref name="xor"/>, <paranref nane="yor"/>).</summary>

<param nane="xor">t he new Poi nt's x-coordi nate. </paranv

<param nanme="yor" >t he new Poi nt's y-coordi nate. </ paranp

public Point(int xor, int yor) {
X = xor;
yor;

~ T~
~ T~
~ T~

Y
}

A.2.10 <permission>

<perm ssi on cref =" nenmber" >descri ption</ perm ssion>

cref =" nemper"

member

description

/1] <perm ssion cref="System Security.PernissionSet">Everyone can
/1] access this method. </perm ssion>

public static void Test() {
...
}
A.2.11 <remark>
<sunmary> A.2.15

<remar k>descri pti on</remar k>

description

/1 <summary>Cl ass <c>Point</c> nodels a point in a
/1 two-di nensional plane.</sumary>

/1 <remark>Uses pol ar coordi nates</remark>

ublic cl ass Point

/1
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A.2.12 <returns>

<returns>description<lreturns>

description

/1] <summary>Report a point's |location as a string.</summary>
/1] <returns>A string representing a point's location, in the form(x,y),
111 wi t hout any l|eading, trailing, or enmbedded whitespace. </returns>
public override string ToString() {

return ll(ll + X + Il,ll + Y + ll)ll;

A.2.13 <see>

<seeal so> A214 “ "

<see cref="nemper"| >

cref =" nmemper"

member

<summary>Thi s nmet hod changes the point's location to
the given coordi nates. </ summary>
see cref="Transl ate"/>
lic void Move(int xor, int yor) {
= Xor;
= yor;

}
/1] <summary>Thi s net hod changes the point's | ocation by
11 the given x- and y-offsets.
[l </ sumary>
/1] <see cref="Mve"/>
public void Translate(int xor, int yor) {
X += xor,
Y += yor;
}

A.2.14 <seealso>

¢ ” <see> A.2.13

<seeal so cref =" nenber" | >

O Microsoft Corporation 1999-2008 441



C#

cref =" nmemper"

member

/1] <summary>Thi s net hod determi nes whet her two Points have the sane
111 | ocati on. </ sunmary>

/1l <seeal so cref="operator=="/>

/1] <seeal so cref="operator!="/>

pub&}c overri de bool Equal s(object o) {

A.2.15 <summary>

<r emar k>

<sunmary>descri pti on</ sumrary>

description

/1] <summary>Thi s constructor initializes the new Point to (0,0).</sunmary>
public Point() : this(0,0) {
}

A.2.16 <value>

<val ue>property description</val ue>

property description

/1] <value>Property <c>X</c> represents the point's x-coordinate. </val ue>
public int X

get { return x; }
set { x = value; }

A.2.17 <typeparam>
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<t ypepar am nanme=" nane" >descri ption<l/ t ypepar anr

name

description

/1] <summary>A generic |ist class.</summry>

/1] <typeparam nanme="T">The type stored by the list.</typeparanr
public class MyList<T> {

}

A.2.18 <typeparamref>

<typepar anr ef nane="nane"/>

name

/11 <summary>Thi s net hod fetches data and returns a list of <typeparanref
name="T"> "/>"> . </ summary>

/1] <param nane="string">query to execute</ parane

public List<T> FetchData<T>(string query) {

} .

A3

A3.11D
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444

E
F
M
N
P
T
!
# (U+0023)
“ # (U+0023)”
CLlI
out r ef @
[ lowerbound : size , ..., lowerbound : size ]
1] [] ”
void * void
System Voi d
113 {!!
13 }H
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A3.21D

enum Col or { Red, Bl ue,
nanmespace Acne

{

C#

Geen }

interface I Process {...}

struct Val ueType {...}
class Wdget: |Process

{

public
public
public
public

}

cl ass MyLi st <T>

class Nestedd ass {...}

interface | Menultem {...}
del egate void Del (int i);
enum Direction { North, South, East,

cl ass Hel per<y, v> {...}

}

"T: Col or"
| Process"
Val ueType"

"T. Ace.
"T. Acne.
"T. Acne.
"T. Acne.
"T. Acne.
"T. Acne.
"T. Acne.
"T. Acne.
"T. Acne.

nanmespace Acne

W dget
W dget
W dget
W dget
W dget
MyLi st
MyLi st

. Nest edCl as
. I Menul t ent'
. Del "
.Direction"
N ln

s"

" 1. Hel per” 2"

struct Val ueType

private int total;

class Wdget: |Process

public class Nestedd ass

private int val ue;

private string nmessage;
private static Col or defaultColor;
private const double PI = 3.14159;

prot ect ed readonly doubl e nont hl yAver age;

private long[] arrayl;

private Wdget[,] array2;
private unsafe int
private unsafe float **ppVal ues;
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Acne. Val ueType.total "

Acne. W dget . Nest edd ass. val ue"
Acne. W dget . mressage”

Acne. W dget . def aul t Col or "
Acne. W dget . PI'"

Acne. W dget . nont hl yAver age"
Acne. W dget . array1”
Acne. W dget . arr ay2"
Acne. W dget . pCount "

Acne. W dget . ppVal ues"

Tmmmmmmmmm

namespace Acne
class Wdget: |Process
static Wdget() {...}
public Wdget() {...}

} public Wdget(string s) {...}
}

"M Acme. W dget . #cctor"
"M Acrme. W dget . #ct or"
"M Acrme. W dget . #ct or (System String)"

nanmespace Acne
class Wdget: |Process
~Wdget() {...}

}
"M Acne. W dget . Finalize"

namespace Acne
struct Val ueType
public void Mint i) {...}

class Wdget: |Process
public class Nestedd ass

public void Mint i) {...}

public static void M() {...}

public void ML(char ¢, out float f, ref ValueType v) {...}
public void NQ%short]l x1, int[,] x2, Iong[;[] XSi {...}
public void M3(long[][] x3, Wdget[][,,] x4) {..

public unsafe void Mi(char *pc, Color **pf) {...}

public unsafe void Ms(void *pv, double *[][,] pd) {...}
public void Me(int i, parans object[] args) {...}
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cl ass MyLi st <T>

public void Test(T t) { }

cl ass UselLi st

public void Process(MyList<int> |ist
public MyList<T> GetVal ues<T>(T i

) {1}

}

"M Acne.
"M Acne.
"M Acne.
"M Acne.
"M Acne.
"M Acne.
"M Acne.
"M Acne.
"M Acne.
"M Acne.
"M Acne.
"M Acne.

Val ueType. M System | nt 32) "

W dget . Nest eddl ass. M System I nt 32) "
W dget . MD"

W dget .
W dget .
W dget .
W dget .
W dget .

MB(System Int64[][], Acme. Wdget[0:,0:,0:]
M4( Syst em Char*, Col or**)"

Mb( Syst em Voi d*, System Doubl e*[0:,0:][])"
W dget . M6( System | nt 32, System Gbject[])"

MyList 1. Test( 0)"

UseLi st. Process( Acne. MyLi st {System I nt 32})"
UseList. GetValues™ " ("7 0)”

nanmespace Acne

class Wdget: |Process

Wdth { get {...} set {..

this[fint i] { get {...}
this[string s, int i] {

1}
set {...} }
get {..

"P: Acre. W dget . W dt h"

.} set {..

"P: Acre. W dget .
"P: Acne. W dget .

namespace Acne

cl ass Wdget:

public event

Item(System I nt32)"
Item(System String, System | nt32)"

| Process

Del AnEvent;

}
"E: Acnme. W dget . AnEvent "

nanmespace Acne
class Wdget: |Process
public static Wdget operator+(Wdget x) {...}

}
"M Acme. W dget . op_Unar yPl us( Acne. W dget ) "
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nput Val ue) { return null; }

ML( Syst em Char, Syst em Si ngl e@ Acne. Val ueType@"
M2(System Int16[], System Int32[0:,0:],SystemInt64[][])"

(1"

1}
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op_UnaryPl us op_UnaryNegati on

op_Logi cal Not op_OnesConpl emrent op_Increnent op_Decrenent op_True
op_Fal se

namespace Acne
class Wdget: |Process
public static Wdget operator+(Wdget x1, Wdget x2) {...}

}
"M Acne. W dget . op_Addi ti on( Acne. W dget , Ace. W dget ) "

op_Addi tion op_Subtraction

op_Miltiply op_Dvision op_Mdulus op_Bitw seAnd op_Bitw seO
op_ExclusiveOr op_LeftShift op RightShift op_Equality op_lnequality
op_LessThan op_LessThanOrEqual op_G eat er Than op_G eat er ThanOr Equal

nanmespace Acne
class Wdget: |Process

public static explicit operator int(Wdget x) {...}
public static inplicit operator |ong(Wdget x) {...}

}
"M Acrme. W dget . op_Explicit(Acne. Wdget)~System | nt 32"
"M Acre. Wdget. op_l mplicit(Acne. Wdget)~System | nt 64"
A4
A4.1C#
Poi nt
namespace G aphics
{
/1] <summary>Cl ass <c>Point</c> nodels a point in a two-dinmensional plane
/1] </ summary>
public class Point
{
/1] <summary>l nstance variable <c>x</c> represents the point's
I x- coor di nat e. </ summar y>
private int x;
/1] <summary>|l nstance variable <c>y</c> represents the point's
/11 y-coor di nat e. </ sunmar y>
private int vy;
/1] <value>Property <c>X</c> represents the point's x-coordinate. </val ue>
public int X
{
get { return x; }
set { x = value; }
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/1] <val ue>Property <c>Y</c> represents the point's y-coordinate. </val ue>
public int Y

get { returny; }
set { y = value; }

<summary>Thi s constructor initializes the new Point to
(0, 0). </ sunmmary>
lic Point() : this(0,0) {}

}

111

111

pub

/1l <summary>Thi s constructor initializes the new Point to

11 (<paranref nane="xor"/>, <paranref name="yor"/>).</sumrary>
/1] <paramp<c>xor</c> is the new Poi nt's x-coordinate. </ paranp
/'l <paramp<c>yor</c> is the new Point's y-coordinate. </paranp
pub

lic Point(int xor, int yor) {

X = xor;

Y = yor;
}
/1l <summary>Thi s net hod changes the point's |location to
/11 the given coordinates. </ sumrary>
/1] <paramp<c>xor</c> is the new x-coordinate. </ paranp
/1l <paranp<c>yor</c> is the new y-coordi nate. </ paraner
/1] <see cref="Transl ate"/>
public void Mwe(int xor, int yor) {

X = xor;

Y = yor;
}
/1l <summary>Thi s nmet hod changes the point's |ocation by
/1 the given x- and y-offsets.
/1l <exanpl e>For exanpl e:
/1l <code>
/1 Point p = new Point(3,5);
) p. Transl ate(-1, 3);
/1l </code>
/1l results in <c>p</c>s having the value (2,8).
1l </ exanpl e>
/1l </ sumary>
/1l <paranp<c>xor</c> is the relative x-offset.</paranr
/1l <paranp<c>yor</c> is the relative y-offset.</paranr
/1] <see cref="Mve"/>
public void Translate(int xor, int yor) {

X += xor;

Y += yor;
}
/1l <summary>Thi s net hod determ nes whether two Points have the sane
Iy | ocati on. </ summary>
/1l <paranp<c>o0</c> is the object to be conpared to the current object.
1l <l paran>
/1l <returns>True if the Points have the sane |ocation and they have
Iy the exact sanme type; otherw se, false.</returns>
/1l <seeal so cref="operator=="/>
/1l <seeal so cref="operator!="/>
public override bool Equal s(object o) {

if (o ==null) {
return fal se
}

if (this == 0) {
return true;
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i f (thType() == o. thType()) {
Point p = (P0|n )o
return (X == p. X) && (Y == p.VY);

return fal se

}

/1] <summary>Report a point's location as a string.</sumary>

[1] <returns>A string representing a point's |ocation, in the form(x,y),
[ wi thout any |eading, training, or enmbedded whitespace. </returns>
public override string ToStrlng() {

} return "(" + X+ "," +Y +")";

/1l <summary>Thi s operat or determni nes whether two Points have the sane
/1 | ocati on. </ summary>

/1l <paranp<c>pl</c> is the first Point to be conpared. </ paran

/1l <paranp<c>p2</c> is the second Point to be conpared. </ paranp

/1l <returns>True if the Points have the sane |ocation and they have
/11 the exact sane type; otherw se, false.</returns>

/1l <seeal so cref="Equal s"/>

/1l <seeal so cref="operator!="/>

pu

blic static bool operator==(Point pl, Point p2) {
if ((object)pl == null || (object)p2 == null) {
return fal se

}

i f (pl.thType() == p2. Get Type()) {
return (pl. X == p2. X) && (pl.Y == p2.Y)

return fal se

}
/1l <summary>Thi s operat or determni nes whet her two Points have the sane
/1 | ocati on. </ summary>
/1l <paranp<c>pl</c> is the first Point to be conpared. </ paran
/1l <paranp<c>p2</c> is the second Point to be conpared. </ paranp
/1l <returns>True if the Points do not have the same | ocation and the
Iy exact sane type; otherw se, fal se.</returns>
/1l <seeal so cref="Equal s"/>
/1l <seeal so cref="operator=="/>
public static bool operator!=(Point pl, Point p2) {
} return ! (pl == p2);
/1] <summary>This is the entry point of the Point class testing
/1l program
/1l <para>This programtests each nmethod and operator, and
/1l is intended to be run after any non-trvial naintenance has
/1! been performed on the Point class. </ para></sunmary>
public static void Main() {
/1 class test code goes here
}
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XML
Poi nt
<?xm version="1.0"7?>
<doc>
<assenbl y>

<name>Poi nt </ nane>

</ assenbl y>
<menber s>

<menber nanme="T: G aphics. Poi nt">
<summar y>C ass <c>Poi nt</c> nodels a point in a two-di nensiona
pl ane.
</ summar y>

</ menmber >

<menber nane="F: G aphics. Poi nt.x">
<summary>|l nstance variabl e <c>x</c> represents the point's
x- coor di nat e. </ sunmar y>

</ nenber >

<menber name="F: G aphi cs. Poi nt.y">
<summar y>l nstance variabl e <c>y</c> represents the point's
y-coor di nat e. </ sunmar y>

</ menmber >

<menber name="M G aphi cs. Poi nt . #ctor">

<summary>Thi s constructor initializes the new Point to
(0,0). </ summary>
</ menmber >

<menber name="M G aphi cs. Poi nt. #ctor (System | nt 32, System | nt 32) ">
<summary>Thi s constructor initializes the new Point to
(<paranref name="xor"/>, <paranref name="yor"/>).</sunmary>
<paranp<c>xor</c> is the new Point's x-coordinate. </ paranp
<paranp<c>yor</c> is the new Point's y-coordinate. </ paranp

</ menber >

<menber name="M G aphi cs. Poi nt. Move(System I nt 32, System I nt 32) ">
<sunmmar y>Thi s nmet hod changes the point's location to
the gi ven coordinates. </ sunmary>
<paranmp<c>xor</c> is the new x-coordi nate. </ par an>
<paranmp<c>yor</c> is the new y-coordi nate. </ paran
<see

cref ="M G aphi cs. Poi nt. Transl at e( System I nt 32, System | nt 32)"/ >

</ menber >

<menber

nanme="M Graphi cs. Poi nt. Transl ate( System I nt 32, System | nt 32) " >

<sunmary>Thi s met hod changes the point's |ocation by

the given x- and y-offsets.

<exanpl e>For exanpl e:

<code>

Point p = new Point(3,5);

p. Transl ate(-1, 3);

</ code>

results in <c>p</c>'s having the value (2,8).

</ exanpl e>

</ summar y>

<paranp<c>xor</c> is the relative x-offset.</paranr

<paranp<c>yor</c> is the relative y-offset.</paranp

<see cref="M G aphi cs. Poi nt. Move(System I nt32, System | nt32)"/>
</ menmber >
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<menber name="M G aphi cs. Poi nt. Equal s( System oj ect)" >
<summary>Thi s met hod det erni nes whether two Poi nts have the sane
| ocati on. </ sunmar y>
<paranmp<c>0</c> is the object to be conpared to the current
obj ect .
</ par an»
<returns>True if the Points have the same |ocation and they have
the exact same type; otherw se, false.</returns>

<seeal so
cref ="M G aphi cs. Poi nt. op_Equal i t y( G aphi cs. Poi nt, G aphi cs. Point)"/>
<seeal so
cref ="M G aphi cs. Poi nt. op_l nequal i t y( G aphi cs. Poi nt, Graphi cs. Point)"/ >
</ menber >

<menber name="M G aphi cs. Poi nt.ToString">
<summary>Report a point's location as a string. </ sunmary>
<returns>A string representing a point's location, in the form
(X, ),
wi t hout any | eadi ng, training, or enbedded whitespace. </returns>
</ menber >

<menber

name="M G aphi cs. Poi nt. op_Equal i t y( G aphi cs. Poi nt, Graphi cs. Point)">
<summary>Thi s operator determ nes whether two Points have the
same
| ocati on. </ summar y>
<paranp<c>pl</c> is the first Point to be conpared. </ paranr
<paranp<c>p2</c> is the second Point to be conpared. </ paranp
<returns>True if the Points have the same |ocation and they have
the exact sane type; otherw se, fal se.</returns>
<seeal so cref="M Graphi cs. Poi nt. Equal s(System Object)"/>
<seeal so

cref ="M Graphi cs. Poi nt. op_Il nequal i ty( G aphi cs. Poi nt, G aphi cs. Point)"/>
</ menber >

<menber
nane="M G aphi cs. Poi nt. op_I| nequal i t y(G aphi cs. Poi nt, Graphi cs. Point)">

<summary>Thi s operator deterni nes whether two Points have the
same
| ocati on. </ sumary>
<paranp<c>pl</c> is the first Point to be conpared. </ paranr
<paranp<c>p2</c> is the second Point to be conpared. </ paranp
<returns>True if the Points do not have the sanme | ocation and
the
exact sane type; otherw se, false.</returns>
<seeal so cref="M Graphi cs. Poi nt. Equal s(System Object)"/>

<seeal so
cref ="M G aphi cs. Poi nt. op_Equal i t y(Graphi cs. Poi nt, G aphi cs. Point)"/>
</ menber >

<menber nane="M G aphi cs. Poi nt. Mai n" >
<summary>This is the entry point of the Point class testing
pr ogr am
<para>Thi s programtests each nmet hod and operator, and
is intended to be run after any non-trvial maintenance has
been perforned on the Point class.</para></sumary>

</ menber >

<menber nane="P: G aphi cs. Poi nt. X">
<val ue>Property <c>X</c> represents the point's
x- coor di nat e. </ val ue>

</ menber >
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<menber name="P: G aphi cs. Poi nt.Y">
<val ue>Property <c>Y</c> represents the point's
y- coor di nat e. </ val ue>
</ menmber >
</ menber s>
</ doc>
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input:
input-sectiony

input-section:
input-section-part
input-section  input-section-part

input-section-part:
input-elements,,,  new-line
pp-directive

input-elements:
input-element
input-elements  input-element

input-element:
whitespace
comment
token

B.1.1

new-line:
(U+000D)
(U+000A)
(U+000D) (U+000A)
(U+0085)
(U+2028)
(U+2029)

B.1.2

comment:
single-line-comment
delimited-comment

single-line-comment:
/1 input-characters,p

input-characters:
input-character
input-characters  input-character

input-character:
new-line-character Unicode
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new-line-character:
(U+000D)
(U+000A)
(U+0085)
(U+2028)
(U+2029)

delimited-comment:
/*  delimited-comment-text,,,  asterisks /

delimited-comment-text:
delimited-comment-section
delimited-comment-text  delimited-comment-section

delimited-comment-section:
/
asterisksy,e  not-slash-or-asterisk

asterisks:

*

asterisks  *

not-slash-or-asterisk:
/ * Unicode

B.1.3

whitespace:
Unicode Zs
(U+0009)
(U+000B)
(U+000C)

B.1.4

token:
identifier
keyword
integer-literal
real-literal
character-literal
string-literal
operator-or-punctuator

B.1.5 Unicode

unicode-escape-sequence:
\u hex-digit hex-digit hex-digit hex-digit
\U hex-digit hex-digit hex-digit hex-digit hex-digit
digit

B.1.6

identifier:
available-identifier
@ identifier-or-keyword

available-identifier:
keyword identifier-or-keyword

hex-digit

hex-digit
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identifier-or-keyword:
identifier-start-character

identifier-start-character:
letter-character
W005F

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

identifier-part-character:
letter-character
decimal-digit-character
connecting-character
combining-character
formatting-character

letter-character:
Lu LI Lt Lm Lo
Lu LI Lt Lm

combining-character:

identifier-part-charactersqy

identifier-part-character

NI Unicode

Lo NI unicode-escape-sequence

Mn Mc Unicode
Mn Mc unicode-escape-sequence
decimal-digit-character:
Nd Unicode
Nd unicode-escape-sequence

connecting-character:
Pc Unicode
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Pc unicode-escape-sequence
formatting-character:
Cf Unicode
Cf unicode-escape-sequence
keyword:
abstract as base bool br eak
byt e case catch char checked
cl ass const continue deci nal def aul t
del egat e do doubl e el se enum
event explicit extern fal se finally
fixed fl oat for foreach goto
i f implicit in i nt interface
i nt er nal is | ock | ong nanmespace
new nul | obj ect oper at or out
override par ans private prot ect ed public
readonl y r ef return shyt e seal ed
short si zeof stackal loc static string
struct swi tch this t hr ow true
try t ypeof ui nt ul ong unchecked
unsafe ushort usi ng vi rtual voi d
vol atile whi | e
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B.1.8

458

literal:
boolean-literal
integer-literal
real-literal
character-literal
string-literal
null-literal

boolean-literal:
true
fal se

integer-literal:
decimal-integer-literal
hexadecimal-integer-literal

decimal-integer-literal:
decimal-digits  integer-type-suffiXoy

decimal-digits:
decimal-digit
decimal-digits  decimal-digit

decimal-digit:
01 2 3 456 7 8 9

integer-type-suffix:
Uu L | U U uL u LU Lu U lu

hexadecimal-integer-literal:
Ox  hex-digits  integer-type-suffiXop
0X  hex-digits  integer-type-suffiXqp

hex-digits:
hex-digit
hex-digits  hex-digit

hex-digit:
01 2 3 456 7 8 9 ABCDETFaboecdef

real-literal:
decimal-digits . decimal-digits ~ exponent-party;  real-type-suffixop
decimal-digits  exponent-parto,:  real-type-suffiXop
decimal-digits ~ exponent-part  real-type-suffixgp
decimal-digits  real-type-suffix

exponent-part:
e signe:  decimal-digits
E signex decimal-digits
sign:
+ -

real-type-suffix:
Ff Dd Mm

character-literal:
' character
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character:
single-character
simple-escape-sequence
hexadecimal-escape-sequence
unicode-escape-sequence

single-character:
" (U+0027) \ (L+005C) new-line-character

simple-escape-sequence:
\' V" O\ N0 \a \b \f \n \r \t \v

hexadecimal-escape-sequence:
\x  hex-digit hex-digitexy  hex-digito:  hex-digitoy

string-literal:
regular-string-literal
verbatim-string-literal

regular-string-literal:
" regular-string-literal-characterse;: "

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

regular-string-literal-character:
single-regular-string-literal-character
simple-escape-sequence
hexadecimal-escape-sequence
unicode-escape-sequence

single-regular-string-literal-character:
" (U+0022) \ (U+0050Q) new-line-character

verbatim-string-literal:
@  verbatim -string-literal-charactersy,, "

verbatim-string-literal-characters:
verbatim-string-literal-character
verbatim-string-literal-characters  verbatim-string-literal-character

verbatim-string-literal-character:
single-verbatim-string-literal-character
quote-escape-sequence

single-verbatim-string-literal-character:

guote-escape-sequence:

null-literal:
nul |
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B.1.9

B.1.10

460

operator-or-punctuator:

{ } [ ] ( ) :
+ - * / % & n
= < > ? ?2? o ++ |
-> == | <= >= 4= .= * = / = Y%F
&= = N << <<= =>

right-shift:
>|>

-

right-shift-assignment:
>|>=

pp-directive:
pp-declaration
pp-conditional
pp-line
pp-diagnostic
pp-region
pp-pragma
conditional-symbol:
true fal se identifier-or-keyword

pp-expression:
whitespace,,:  pp-or-expression  whitespace

pp-or-expression:
pp-and-expression
pp-or-expression  whitespace,x ||  whitespacey: — pp-and-expression

pp-and-expression:
pp-equality-expression
pp-and-expression  whitespace,y &&  whitespacey,  pp-equality-expression

pp-equality-expression:
pp-unary-expression
pp-equality-expression  whitespace,y ==  whitespacey,;  pp-unary-expression
pp-equality-expression  whitespace,;, ! =  whitespacey,  pp-unary-expression

pp-unary-expression:
pp-primary-expression
| whitespacesy ~ pp-unary-expression

pp-primary-expression:
true
fal se
conditional-symbol
( whitespaces,:  pp-expression  whitespaceq: )

pp-declaration:
whitespace,,: #  whitespace,,y define  whitespace conditional-symbol  pp-new-
line
whitespace,,: #  whitespace,,y undef  whitespace  conditional-symbol  pp-new-line
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pp-new-line:
whitespaceo,:  Single-line-commenty,:  new-line

pp-conditional:
pp-if-section  pp-elif-sectionsy,, ~ pp-else-sectiony,:  pp-endif

pp-if-section:
whitespace,,: #  whitespace,,y if  whitespace  pp-expression  pp-new-line
conditional-sectiongp

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

pp-elif-section:
whitespace,,r #  whitespaces,e el if  whitespace  pp-expression  pp-new-line
conditional-sectiony

pp-else-section:
whitespace,,: #  whitespace,,y el se  pp-new-line  conditional-sectiongy

pp-endif:
whitespace,: #  whitespace,,: endi f  pp-new-line

conditional-section:
input-section
skipped-section

skipped-section:
skipped-section-part
skipped-section  skipped-section-part

skipped-section-part:
skipped-characters,;: ~ new-line
pp-directive

skipped-characters:
whitespacey,,:  not-number-sign  input-charactersoy

not-number-sign:
# input-character

pp-diagnostic:
whitespace,: #  whitespaceq,: error  pp-message
whitespace,:  #  whitespacey,,y warning  pp-message

pp-message:

new-line

whitespace  input-characterse:  new-line
pp-region:

pp-start-region  conditional-sectiony,:  pp-end-region
pp-start-region:

whitespace,: #  whitespacey,y regi on  pp-message
pp-end-region:

whitespace,,:r #  whitespaces,:  endregi on  pp-message
pp-line:

whitespace,:  #  whitespace,y |ine  whitespace line-indicator  pp-new-line
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line-indicator:
decimal-digits  whitespace file-name
decimal-digits
def aul t
hi dden

file-name:
" file-name-characters "

file-name-characters:
file-name-character
file-name-characters  file-name-character

file-name-character:
" input-character

pp-pragma:
whitespace,,: #  whitespace,y ~pragma  whitespace  pragma-body  pp-new-line

pragma-body:
pragma-warning-body

pragma-warning-body:
war ni ng  whitespace  warning-action
war ni ng  whitespace  warning-action  whitespace  warning-list

warning-action:
di sabl e
restore

warning-list:
decimal-digits
warning-list ~ whitespace,,x ,  Whitespaceq:  decimal-digits

B.2

B.2.1

namespace-name:
namespace-or-type-name

type-name:
namespace-or-type-name

namespace-or-type-name:
identifier  type-argument-listoy
namespace-or-type-name . identifier  type-argument-listo,
qualified-alias-member

B.2.2

type:
value-type
reference-type
type-parameter

value-type:
struct-type
enum-type
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struct-type:
type-name
simple-type
nullable-type

simple-type:
numeric-type
bool

numeric-type:
integral-type
floating-point-type
deci nal

integral-type:
shyt e
byt e
short
ushort
i nt
ui nt
| ong
ul ong
char

floating-point-type:
fl oat
doubl e

nullable-type:
non-nullable-value-type  ?

non-nullable-value-type:
type

enum-type:
type-name

reference-type:
class-type
interface-type
array-type
delegate-type

class-type:
type-name
obj ect
string

interface-type:
type-name

array-type:
non-array-type  rank-specifiers

non-array-type:
type
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B.2.3

B.2.4

464

rank-specifiers:
rank-specifier
rank-specifiers  rank-specifier

rank-specifier:
[ dim-separatorsey ]

dim-separators:

dim-separators

delegate-type:
type-name

type-argument-list:
< type-arguments >

type-arguments:
type-argument
type-arguments ,  type-argument

type-argument:
type

type-parameter:
identifier

variable-reference:
expression

argument-list:
argument
argument-list argument

argument:
expression
r ef variable-reference
out variable-reference

primary-expression:
primary-no-array-creation-expression
array-creation-expression

primary-no-array-creation-expression:
literal
simple-name
parenthesized-expression
member-access
invocation-expression
element-access
this-access
base-access
post-increment-expression
post-decrement-expression
object-creation-expression
delegate-creation-expression
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anonymous-object-creation-expression
typeof-expression

checked-expression
unchecked-expression
default-value-expression
anonymous-method-expression

simple-name:
identifier  type-argument-listoy

parenthesized-expression:
( expression )

member-access:

primary-expression . identifier type-argument-listoy
predefined-type . identifier type-argument-listoy
qualified-alias-member . identifier

predefined-type:
bool byt e char deci mal doubl e fl oat i nt
obj ects byte short string ui nt ul ong ushort

invocation-expression:
primary-expression  ( argument-listosx )

element-access:
primary-no-array-creation-expression [  expression-list ]

expression-list:
expression
expression-list expression

this-access:
this

base-access:
base . identifier
base [  expression-list ]

post-increment-expression:
primary-expression  ++

post-decrement-expression:
primary-expression - -

object-creation-expression:
new type ( argument-listyy )  object-or-collection-initializerqy
new type object-or-collection-initializer

object-or-collection-initializer:

object-initializer

collection-initializer
object-initializer:

{ member-initializer-listy,, ~ }

{ member-initializer-list }
member-initializer-list:

member-initializer

member-initializer-list member-initializer
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466

member-initializer:
identifier = initializer-value

initializer-value:
expression
object-or-collection-initializer

collection-initializer:
{ element-initializer-list }
{ element-initializer-list }

element-initializer-list:
element-initializer
element-initializer-list element-initializer

element-initializer:
non-assignment-expression
{ expression-list '}

array-creation-expression:
new non-array-type [  expression-list ] rank-specifiersop
new array-type array-initializer
new rank-specifier  array-initializer

delegate-creation-expression:
new delegate-type (  expression )

anonymous-object-creation-expression:
new  anonymous-object-initializer

anonymous-object-initializer:
{ member-declarator-listy,;,  }
{ member-declarator-list , '}

member-declarator-list:
member-declarator
member-declarator-list member-declarator

member-declarator:
simple-name
member-access
identifier =  expression

typeof-expression:

typeof (  type )

typeof ( unbound-type-name )
typeof ( void )

unbound-type-name:
identifier  generic-dimension-specifierqy
identifier :: identifier  generic-dimension-specifierqy
unbound-type-name . identifier  generic-dimension-specifier

generic-dimension-specifier:
< commasex >

commas:

commas )

array-initializer gy
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checked-expression:

checked (  expression )

unchecked-expression:

unchecked (  expression )

default-value-expression:
def aul t ( type )

unary-expression:
primary-expression
+  unary-expression
- unary-expression
I unary-expression
~  unary-expression
pre-increment-expression
pre-decrement-expression
cast-expression

pre-increment-expression:
++  unary-expression

pre-decrement-expression:
-~ unary-expression

cast-exp ression:

(  type )  unary-expression

multiplicative-expression:
unary-expression
multiplicative-expression
multiplicative-expression
multiplicative-expression

additive-expression:
multiplicative-expression
additive-expression  +
additive-expression -

shift-expression:
additive-expression

* unary-expression
/ unary-expression
% unary-expression

multiplicative-expression
multiplicative-expression

shift-expression <<  additive-expression
shift-expression  right-shift  additive-expression

relational-expression:

shift-expression
relational-expression <
relational-expression >
relational-expression <=
relational-expression  >=
relational-expression is
relational-expression  as

equality-expression:
relational-expression
equality-expression ==
equality-expression ! =
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shift-expression
shift-expression
shift-expression
shift-expression
type
type

relational-expression
relational-expression
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and-expression:
equality-expression
and-expression &  equality-expression

exclusive-or-expression:
and-expression
exclusive-or-expression ~  and-expression

inclusive-or-expression:
exclusive-or-expression
inclusive-or-expression | exclusive-or-expression

conditional-and-expression:
inclusive-or-expression
conditional-and-expression  && inclusive-or-expression

conditional-or-expression:
conditional-and-expression
conditional-or-expression | | conditional-and-expression

null-coalescing-expression:
conditional-or-expression
conditional-or-expression ~ ??  null-coalescing-expression

conditional-expression:
null-coalescing-expression
null-coalescing-expression ~ ?  expression expression

lambda-expression:
anonymous-function-signature  =>  anonymous-function-body

anonymous-method-expression:
del egate  explicit-anonymous-function-signatureq,: ~ block

anonymous-function-signature:
explicit-anonymous-function-signature
implicit-anonymous-function-signature

explicit-anonymous-function-signature:
( explicit-anonymous-function-parameter-listopt )

explicit-anonymous-function-parameter-list
explicit-anonymous-function-parameter
explicit-anonymous-function-parameter-list explicit-anonymous-function-parameter

explicit-anonymous-function-parameter:
anonymous-function-parameter-modifiery,:  type  identifier

anonymous-function-parameter-modifier:
r ef
out

implicit-anonymous-function-signature:
( implicit-anonymous-function-parameter-listoy: )
implicit-anonymous-function-parameter

implicit-anonymous-function-parameter-list
implicit-anonymous-function-parameter
implicit-anonymous-function-parameter-list implicit-anonymous-function-parameter

implicit-anonymous-function-parameter:
identifier
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anonymous-function-body:
expression
block

query-expression:
from-clause  query-body

from-clause:
from type,: identifier in  expression

query-body:
query-body-clauses,,  select-or-group-clause

query-body-clauses:
query-body-clause
query-body-clauses  query-body-clause

query-body-clause:
from-clause
let-clause
where-clause
join-clause
join-into-clause
orderby-clause

let-clause:
l et identifier =  expression

where-clause:
where  boolean-expression

join-clause:
join types identifier in  expression

join-into-clause:
join types identifier in  expression
into identifier

orderby-clause:
orderby orderings

orderings:
ordering
orderings ordering

ordering:
expression ordering-direction

ordering-direction:
ascendi ng
descendi ng

select-or-group-clause:
select-clause
group-clause

select-clause:
sel ect  expression

group-clause:
group expression by  expression
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query-continuationy

on

on

expression

expression

equal s

equal s

expression

expression
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query-continuation:
into identifier query-body

assignment:
unary-expression  assignment-operator  expression

assignment-operator:

+=

* =
/ =
%
&=

| =
<<=
right-shift-assignment

expression:
non-assignment-expression
assignment

non-assignment-expression:
conditional-expression
lambda-expression
query-expression

constant-expression:
expression

boolean-expression:
expression

B.2.5

statement:
labeled-statement
declaration-statement
embedded-statement

embedded-statement:
block
empty-statement
expression-statement
selection-statement
iteration-statement
jump-statement
try-statement
checked-statement
unchecked-statement
lock-statement
using-statement
yield-statement

block:
{ statement-listey  }

470 O Microsoft Corporation 1999-2008



statement-list;
statement
statement-list  statement

empty-statement:

labeled-statement:
identifier statement

declaration-statement:
local-variable-declaration ;
local-constant-declaration

local-variable-declaration:
local-variable-type  local-variable-declarators

local-variable-type:
type
var

local-variable-declarators:
local-variable-declarator

local-variable-declarators local-variable-declarator
local-variable-declarator:

identifier

identifier = local-variable-initializer

local-variable-initializer:
expression
array-initializer

local-constant-declaration:
const  type constant-declarators

constant-declarators:
constant-declarator
constant-declarators constant-declarator

constant-declarator:
identifier = constant-expression

expression-statement:
statement-expression ;

statement-expression:
invocation-expression
object-creation-expression
assignment
post-increment-expression
post-decrement-expression
pre-increment-expression
pre-decrement-expression

selection-statement:
if-statement
switch-statement
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if-statement:
if ( boolean-expression )  embedded-statement
if (  boolean-expression )  embedded-statement el se embedded-statement

switch-statement:
switch ( expression )  switch-block

switch-block:
{  switch-sectionSe:  }

switch-sections:
switch-section
switch-sections  switch-section

switch-section:
switch-labels  statement-list

switch-labels:
switch-label
switch-labels  switch-label

switch-label:
case constant-expression
def aul t

iteration-statement:
while-statement
do-statement
for-statement
foreach-statement

while-statement:
while (  boolean-expression )  embedded-statement

do-statement:
do embedded-statement while (  boolean-expression )

for-statement:
for ( for-initializeryy for-conditionyy for-iteratorey: ) embedded-
statement

for-initializer:
local-variable-declaration
statement-expression-list

for-condition:
boolean-expression

for-iterator:
statement-expression-list

statement-expression-list:
statement-expression
statement-expression-list ,  statement-expression

foreach-statement:
foreach ( local-variable-type identifier in expression )  embedded-
statement
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jump-statement:
break-statement
continue-statement
goto-statement
return-statement
throw-statement

break-statement:
br eak :

continue-statement:
conti nue ;

goto-statement:
goto identifier ;
goto case constant-expression ;
goto default ;

return-statement:
return  expressiong: ;

throw-statement:
throw expressiony, ;

try-statement:
try block catch-clauses
try block finally-clause
try block catch-clauses finally-clause

catch-clauses:
specific-catch-clauses  general-catch-clauseqy
specific-catch-clauses,,:  general-catch-clause

specific-catch-clauses:
specific-catch-clause
specific-catch-clauses  specific-catch-clause

specific-catch-clause:
catch (  class-type identifiero,y )  block

general-catch-clause:
catch  block

finally-clause:
finally block

checked-statement:
checked block

unchecked-statement:
unchecked block

lock-statement:
lock (  expression )  embedded-statement

using-statement:
using ( resource-acquisition ) embedded-statement

resource-acquisition:
local-variable-declaration
expression
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yield-statement:
yield return expression ;
yield break ;

compilation-unit:
extern-alias-directives,,  using-directivesy, global-attributesqy
namespace-member-declarationsyy

namespace-declaration:

namespace  qualified-identifier ~ namespace-body ;o
qualified-identifier:

identifier

qualified-identifier . identifier
namespace-body:

{ extern-alias-directives,y  using-directivesy,,  namespace-member-declarations,p

extern-alias-directives:
extern-alias-directive
extern-alias-directives  extern-alias-directive

extern-alias-directive:
extern alias identifier ;

using-directives:
using-directive
using-directives  using-directive

using-directive:
using-alias-directive
using-namespace-directive

using-alias-directive:
using identifier = namespace-or-type-name ;

using-namespace-directive:
using  namespace-name

namespace-member-declarations:
namespace-member-declaration
namespace-member-declarations  namespace-member-declaration

namespace-member-declaration:
namespace-declaration
type-declaration

type-declaration:
class-declaration
struct-declaration
interface-declaration
enum-declaration
delegate-declaration

qualified-alias-member:
identifier :: identifier  type-argument-listoy
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class-declaration:
attributes,y ~ class-modifiersy  partial o class identifier  type-parameter-listop
class-basey,  type-parameter-constraints-clauses,,  class-body ;o

class-modifiers:
class-modifier
class-modifiers  class-modifier

class-modifier:
new
public
prot ect ed
i nt ernal
private
abstract
seal ed
static

type-parameter-list:
< type-parameters >

type-parameters:
attributes,;  type-parameter
type-parameters ,  attributes,y ~ type-parameter

type-parameter:
identifier

class-base:
class-type
interface-type-list
class-type interface-type-list

interface-type-list:
interface-type
interface-type-list interface-type

type-parameter-constraints-clauses:
type-parameter-constraints-clause
type-parameter-constraints-clauses  type-parameter-constraints-clause

type-parameter-constraints-clause:
where type-parameter :  type-parameter-constraints

type-parameter-constraints:
primary-constraint
secondary-constraints
constructor-constraint

primary-constraint ,  secondary-constraints

primary-constraint ,  constructor-constraint

secondary-constraints constructor-constraint

primary-constraint ,  secondary-constraints constructor-constraint
primary-constraint:

class-type

cl ass

struct
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secondary-constraints:
interface-type
type-parameter
secondary-constraints
secondary-constraints

interface-type
type-parameter

constructor-constraint:
new ( )

class-body:
{ class-member-declarationse,:  }

class-member-declarations:
class-member-declaration
class-member-declarations

class-member-declaration:
constant-declaration
field-declaration
method-declaration
property-declaration
event-declaration
indexer-declaration
operator-declaration
constructor-declaration
destructor-declaration
static-constructor-declaration
type-declaration

constant-declaration:

attributes,; ~ constant-modifiers,;;  const type

constant-modifiers:
constant-modifier

constant-modifiers  constant-modifier

constant-modifier:
new
public
prot ect ed
i nt ernal
private

constant-declarators:
constant-declarator

constant-declarators constant-declarator

constant-declarator:

identifier =  constant-expression

field-declaration:

attributes,:  field-modifiersoy  type

field-modifiers:
field-modifier

field-modifiers  field-modifier

class-member-declaration

constant-declarators

variable-declarators
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field-modifier:
new
public
prot ect ed
i nt ernal
private
static
readonl y
vol atil e

variable-declarators:
variable-declarator

variable-declarators variable-declarator
variable-declarator:

identifier

identifier = variable-initializer

variable-initializer:
expression
array-initializer

method-declaration:
method-header  method-body

method-header:
attributes,x  method-modifiersy,e  parti al o return-type  member-name  type-
parameter-listoy
( formal-parameter-list,y )  type-parameter-constraints-clausesqy

method-modifiers:
method-modifier
method-modifiers  method-modifier

method-modifier:
new
public
prot ect ed
i nt ernal
private
static
vi rtual
seal ed
override
abstract
extern

return-type:
type
voi d
member-name:
identifier
interface-type . identifier

method-body:
block
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formal-parameter-list:
fixed-parameters
fixed-parameters
parameter-array

fixed-parameters:
fixed-parameter
fixed-parameters

fixed-parameter:
attributes,y

parameter-modifier:
r ef
out
this

parameter-array:

attributes,x  par ans

property-declaration:
attributes,y

property-modifiers:
property-modifier
property-modifiers

property-modifier:
new
public
prot ect ed
i nt ernal
private
static
vi rtual
seal ed
override
abstract
extern

member-name:
identifier

interface-type identifier

accessor-declarations:
get-accessor-declaration
set-accessor-declaration

get-accessor-declaration:
attributes,;  accessor-modifierp,

set-accessor-declaration:
attributes,; ~ accessor-modifierp

accessor-modifier:

prot ect ed

i nt ernal

private

protected internal
i nt er nal pr ot ect ed

parameter-modifiery

array-type

property-modifiersp

parameter-array

fixed-parameter

type identifier
identifier
type member-name {  accessor-declarations

property-modifier

set-accessor-declaration
get-accessor-declarationop

get  accessor-body

set  accessor-body
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accessor-body:
block

event-declaration:

attributes,;y  event-modifiersy,,  event type  variable-declarators ;

attributes,x  event-modifierser  event  type  member-name {  event-accessor-

declarations }

event-modifiers:
event-modifier
event-modifiers  event-modifier

event-modifier:
new
public
prot ect ed
i nt ernal
private
static
vi rtual
seal ed
override
abstract
extern

event-accessor-declarations:
add-accessor-declaration  remove-accessor-declaration
remove-accessor-declaration  add-accessor-declaration

add-accessor-declaration:
attributes,y add  block

remove-accessor-declaration:
attributes,x  renove  block

indexer-declaration:
attributes,;  indexer-modifiers,,;  indexer-declarator

indexer-modifiers:
indexer-modifier
indexer-modifiers  indexer-modifier

indexer-modifier:
new
public
prot ect ed
i nt ernal
private
vi rtual
seal ed
override
abstract
extern

indexer-declarator:
type this [  formal-parameter-list ]

{

accessor-declarations

type interface-type . this [  formal-parameter-list ]
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operator-declaration:
attributes,x ~ operator-modifiers ~ operator-declarator  operator-body

operator-modifiers:
operator-modifier
operator-modifiers  operator-modifier

operator-modifier:
public
static
extern

operator-declarator:
unary-operator-declarator
binary-operator-declarator
conversion-operator-declarator

unary-operator-declarator:
type operator overloadable-unary-operator ( type identifier )

overloadable-unary-operator:
+ - 1 ~ ++ -- true false

binary-operator-declarator:
type operator overloadable-binary-operator ( type identifier

overloadable-binary-operator:

<<
right-shift
| =

>

<

>=

<=

conversion-operator-declarator:
inmplicit operator type (  type identifier )
explicit operator type ( type identifier )
operator-body:
block

constructor-declaration:

type

identifier )

attributes,;  constructor-modifiers,,,  constructor-declarator  constructor-body

constructor-modifiers:
constructor-modifier
constructor-modifiers  constructor-modifier
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constructor-modifier:
public
prot ect ed
i nt ernal
private
extern

constructor-declarator:

identifier  ( formal-parameter-list;: )
constructor-initializer:
base (  argument-listy;r )
this ( argument-listyy )
constructor-body:

block

static-constructor-declaration:

attributes,;  static-constructor-modifiers identifier

static-constructor-modifiers:

externg static
static externgy

static-constructor-body:
block

destructor-declaration:

attributesoc  externg: ~  identifier ()

destructor-body:
block

struct-declaration:
attributes,y;  struct-modifiersoy
struct-interfacesgp

partial g

struct-modifiers:
struct-modifier

struct-modifiers  struct-modifier

struct-modifier:
new
public
prot ect ed
i nternal
private

struct-interfaces:
interface-type-list

struct-body:
{  struct-member-declarations,,:  }
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type-parameter-constraints-clauses,p

constructor-initializergy

static-constructor-body

¢ )

destructor-body

identifier
struct-body  ; opt

type-parameter-listoy
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struct-member-declarations:
struct-member-declaration
struct-member-declarations  struct-member-declaration

struct-member-declaration:
constant-declaration
field-declaration
method-declaration
property-declaration
event-declaration
indexer-declaration
operator-declaration
constructor-declaration
static-constructor-declaration
type-declaration

B.2.9

array-type:

non-array-type  rank-specifiers
non-array-type:

type
rank-specifiers:

rank-specifier

rank-specifiers  rank-specifier
rank-specifier:

[ dim-separatorSey ]

dim-separators:

dim-separators

array-initializer:
{ variable-initializer-listoy;: ~ }
{ variable-initializer-list }

variable-initializer-list:
variable-initializer
variable-initializer-list variable-initializer

variable-initializer:
expression
array-initializer

B.2.10

interface-declaration:
attributes,,  interface-modifiersy:  partial o i nterface identifier type-parameter-listyy
interface-baseq, type-parameter-constraints-clausesyy, interface-body ; o

interface-modifiers:
interface-modifier
interface-modifiers  interface-modifier
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interface-modifier:
new
public
prot ect ed
i nt ernal
private

interface-base:
interface-type-list

interface-body:
{ interface-member-declarationsey:  }

interface-member-declarations:
interface-member-declaration
interface-member-declarations  interface-member-declaration

interface-member-declaration:
interface-method-declaration
interface-property-declaration
interface-event-declaration
interface-indexer-declaration

interface-method-declaration:
attributes,y  newyy:  return-type identifier  type-parameter-list
( formal-parameter-list,y )  type-parameter-constraints-clausesyy —;

interface-property-declaration:
attributesor  newyy  type identifier {  interface-accessors }

interface-accessors:

attributes,x  get :

attributes,;  set :

attributesx  get  ;  attributesey  set
attributes,;  set : attributes,y  get :

interface-event-declaration:
attributes,;y  new:  event type identifier ;

interface-indexer-declaration:
attributeSor  newor type this [ formal-parameter-list ] { interface-
accessors  }

enum-declaration:
attributes,;  enum-modifiers,yy  enum identifier  enum-base,,;  enum-body  ; ope

enum-base:
integral-type

enum-body:
{ enum-member-declarationsyy,  }
{ enum-member-declarations , }

enum-modifiers:
enum-modifier
enum-modifiers  enum-modifier
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enum-modifier:
new
public
prot ect ed
i nt ernal
private

enum-member-declarations:
enum-member-declaration
enum-member-declarations enum-member-declaration

enum-member-declaration:
attributes,  identifier
attributes,;  identifier = constant-expression

B.2.12

delegate-declaration:
attributes,: ~ delegate-modifiersqy:  del egate  return-type  identifier type-parameter-listoy
( formal-parameter-list,y )  type-parameter-constraints-clausesyy —;

delegate-modifiers:
delegate-modifier
delegate-modifiers  delegate-modifier

delegate-modifier:
new
public
prot ect ed
i nt ernal
private

B.2.13

global-attributes:
global-attribute-sections

global-attribute-sections:
global-attribute-section
global-attribute-sections  global-attribute-section

global-attribute-section:
[ global-attribute-target-specifier  attribute-list ]
[ global-attribute-target-specifier  attribute-list , ]

global-attribute-target-specifier:
global-attribute-target

global-attribute-target:
assenbly
nodul e

attributes:
attribute-sections

attribute-sections:
attribute-section
attribute-sections  attribute-section
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attribute-section:
[ attribute-target-specifierpy
[ attribute-target-specifiery

attribute-target-specifier:
attribute-target

attribute-target:
field
event
net hod
par am
property
return

type
attribute-list:
attribute

attribute-list attribute

attribute:

attribute-list
attribute-list

attribute-name  attribute-argumentsoy

attribute-name;:
type-name

attribute-arguments:
( positional-argument-list,y
( positional-argument-list
( named-argument-list )

positional-argument-list:
positional-argument

positional-argument-list positional-argument

positional-argument:
attribute-argument-expression

named-argument-list:
named-argument

named-argument-list

named-argument-list named-argument

named-argument:

identifier =  attribute-argument-expression

attribute-argument-expression:
expression

class-modifier:

unsaf e

struct-modifier:

unsaf e

interface-modifier:

unsaf e
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delegate-modifier:

unsaf e

field-modifier:

unsaf e

method-modifier:

unsafe
property-modifier:
unsafe

event-modifier:

unsaf e

indexer-modifier:

unsaf e

operator-modifier:

unsaf e

constructor-modifier:

unsaf e

destructor-declaration:

attributes,y  ext erngy  unsaf egy
attributes,y  unsaf eqy  exter ngy
static-constructor-modifiers:
externg: unsafeg sStatic
unsafeqy externg static
externg static unsaf eqy
unsafeqy Static  externgy
static externg unsaf egy
static unsaf egy  externyy

embedded-statement:

unsafe-statement

unsafe-statement:
unsafe  block

type:
56inter-type
pointer-type:
unmanaged-type  *
void *
unmanaged-type:
type

identifier
identifier

destructor-body
destructor-body

()
¢ )
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primary-no-array-creation-expression:

pointer-member-access
pointer-element-access
sizeof-expression

unary-expression:
pointer-indirection-expression
addressof-expression

pointer-indirection-expression:
*  unary-expression

pointer-member-access:
primary-expression  -> identifier

pointer-element-access:
primary-no-array-creation-expression [  expression ]

addressof-expression:
&  unary-expression

sizeof-expression:
sizeof (  unmanaged-type )

embedded-statement:

fixed-statement

fixed-statement:
fixed ( pointer-type fixed-pointer-declarators )  embedded-statement

fixed-pointer-declarators:
fixed-pointer-declarator
fixed-pointer-declarators fixed-pointer-declarator

fixed-pointer-declarator:

identifier = fixed-pointer-initializer
fixed-pointer-initializer:

& variable-reference

expression

struct-member-declaration:

1.‘il>'<ed-size-buffer-declaration

fixed-size-buffer-declaration:
attributes,;  fixed-size-buffer-modifiers,y ~ fi xed  buffer-element-type
fixed-size-buffer-declarators

fixed-size-buffer-modifiers:
fixed-size-buffer-modifier
fixed-size-buffer-modifier  fixed-size-buffer-modifiers
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fixed-size-buffer-modifier:
new
public
prot ect ed
i nt ernal
private
unsafe

buffer-element-type:
type

fixed-size-buffer-declarators:
fixed-size-buffer-declarator
fixed-size-buffer-declarator  fixed-size-buffer-declarators

fixed-size-buffer-declarator:
identifier [  const-expression ]

local-variable-initializer:
stackalloc-initializer

stackalloc-initializer:
stackal loc  unmanaged-type [  expression ]
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Unicode The Unicode Standard, Version 3.0 Unicode 3.0 Addison-Wesley
Reading Massachusetts 2000 ISBN 0-201-616335-5

IEEE |EEE Standard for Binary Floating-Point Arithmetic IEEE
ANSI/IEEE Standard 754-1985 http://www.ieee.org

ISO/IEC C++ ANSI/ISO/IEC 14882:1998
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