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“Reserved” Method Names
• u s e d  b y  C #  f o r  p r o p e r t i e s ,  i n d e x e r s ,  e v e n t s  a n d  
o v e r l o a d e d  o p e r a t o r s
– g e t _ *  ( p r o p e r t y  g e t t e r )
– se t _ *  ( p r o p e r t y  se t t e r )
– g e t _ I t e m  ( i n d e x e r  g e t t e r )
– se t _ I t e m  ( i n d e x e r  se t t e r )
– a d d _ *  ( e v e n t  h a n d l e r  c o n c a t e n a t i o n )
– r e m o v e _ *  ( e v e n t  h a n d l e r  r e m o v a l )
– o p _ A d d i t i o n  ( b i n a r y  + )
– o p _ S u b t r a c t i o n  ( b i n a r y  -)
– o p _ I m p l i c i t  ( i m p l i c i t  c a st )
– o p _ E x p l i c i t  ( e x p l i c i t  c a st )
– . . .
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D el eg ates
• t y p e -sa f e  p o i n t e r s t o  m e t h o d s
• d e l e g a t e  i s a  c l a ss ( su b c l a ss o f  S y st e m . M u l t i c a st D e l e g a t e )
• d e c l a r a t i o n  d e f i n e s t a r g e t  m e t h o d  si g n a t u r e

delegate void MyDelegate(string x);

• d e l e g a t e  c a n  “ p o i n t ”  t o  b o t h  st a t i c  a n d  i n st a n c e  m e t h o d s
class A

{

static void f(string x) { }

void g(string x) { }

static void Foo(MyDelegate d)

{

if (d != null) d("bar"); // invokes the target method

}

static void Main(string[] args)

{

Foo(new MyDelegate(f));

Foo(new MyDelegate(new A().g));

}

}
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• a i d  f o r  i m p l e m e n t i n g  t h e  p u b l i sh e r / su b sc r i b e r  p u sh  p a t t e r n
• l o o k  l i k e  f i e l d s o f  d e l e g a t e  t y p e  m a r k e d  w i t h  t h e  e v e n t k e y w o r d

class A

{

public event MyDelegate Event; // backed by a private MyDelegate field

void Fire(string x)

{ if (Event != null) Event(x); } // “fires” the event

}

• e x p l i c i t  a c c e sso r d e c l a r a t i o n
class B

{

public event MyDelegate Event

{

add { Console.WriteLine(value); } // called when subscribing

remove { Console.WriteLine(value); } // called when unsubscribing

}

}

• su b sc r i b i n g  t o  t h e  e v e n t  w i t h  + =,  u n su b sc r i b i n g  w i t h  -=
A a = new A();

a.Event += new MyDelegate(f); a.Event -= new MyDelegate(g);

E ven ts
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E x c ep ti on s
• u n i f o r m  e r r o r -h a n d l i n g  m o d e l
• e x c e p t i o n s c h a n g e  f l o w  o f  c o n t r o l  w h e n  so m e t h i n g  a b n o r m a l  h a p p e n s
• a l l  e x c e p t i o n s i n h e r i t  f r o m  S y st e m . E x c e p t i o n  c l a ss
• n o  c h e c k e d  e x c e p t i o n s

– p r o g r a m m e r  i s  n o t  r e q u i r e d  t o  l i s t  t h r o w n  e x c e p t i o n s  i n  m e t h o d  s i g n a t u r e s
try

{

// protected block of code

}

catch (ArgumentNullException e)

{

// executes only if ArgumentNullException (or its subclass) is thrown

}

catch (ArgumentException e)

{

// executes only if ArgumentException (but not ArgumentNullException) is thrown

}

finally

{

// always executes regardless of exception occurence

}

Exceptions
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• t h r o w i n g  e x c e p t i o n s
throw new ArgumentException();

• r e t h r o w i n g c a u g h t  e x c e p t i o n s
catch (ArgumentException e)

{

// ...

throw;

}

• c o m m o n  e x c e p t i o n s

E x c ep ti on s ( c on t. )

Th r o w n w h e n a n I / O  e r r o r o c c u r s .S y s t e m .I O .I O E x c e p t i o n
At t e m p t  t o  a c c e s s  a n  o u t -o f -r a n g e  a r r a y  e l e m e n t .S y s t e m .I n d e x O u t O f R a n g e E x c e p t i o n
At t e m p t  t o  p e r f o r m  a n  i n v a l i d  t y p e  c a s t .S y s t e m .I n v a l i d C a s t E x c e p t i o n
S u p p l i e d  a r g u m e n t  i s  “ i n v a l i d ” .S y s t e m .A r g u m e n t E x c e p t i o n
At t e m p t t o  d e r e f e r e n c e  a  n u l l o b j e c t r e f e r e n c e .S y s t e m .N u l l R e f e r e n c e E x c e p t i o n

Exceptions
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U n saf e C #
• t y p e s ,  m e t h o d s  a n d  b l o c k s  o f  c o d e  m a r k e d  w i t h  t h e  
u n s a f e k e y w o r d  m a y  w o r k  w i t h  p o i n t e r s
– h a v e  t o  b e  c o m p i l e d  w i t h  / u n sa f e  c o m p i l e r  o p t i o n
– f u n c t i o n  p o i n t e r s d i sa l l o w e d  e v e n  i n  u n sa f e  c o d e
– u se f u l  f o r  d e a l i n g  w i t h  l e g a c y  d a t a  st r u c t u r e s,  a d v a n c e d  C O M  
I n t e r o p a n d  P / I n v o k e ,  p e r f o r m a n c e  c r i t i c a l  c o d e ,  e t c .

unsafe static void Copy(byte *dest, byte *src, uint length)

{

while (length-- > 0) *dest++ = *src++;

}

• p o i n t e r s  c a n  o n l y  p o i n t  t o  b l i t t a b l e t y p e s
– v a l u e  t y p e s t h a t  d o  n o t  e m b e d  o b j e c t  r e f e r e n c e s

• u n s a f e  c o d e  i s  n o t  v e r i f i a b l e  – u n s a f e  p r o g r a m s  r e q u i r e  
f u l l  t r u s t

U nsa f eC od e
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U n saf e C #  ( c on t. )
r e f e r e n c e s  v s .  p o i n t e r s

– m a n a g e d  r e f e r e n c e
• 3 2 -b i t  n u m b e r  c o n t a i n i n g  a d d r e s s  o f  a n  o b j e c t  o n  m a n a g e d  h e a p
• t h e  n u m b e r  c h a n g e s  a s  t h e  o b j e c t  i s  m o v e d  b y  G C
• c a n n o t  p o i n t  “ i n s i d e ”  a n  o b j e c t

– m a n a g e d  p o i n t e r  ( & )
• c a n  p o i n t  t o  f i e l d s  a n d  a r r a y  e l e m e n t s  ( “ i n t e r i o r ”  p o i n t e r s )
• c a n  b e  s t o r e d  o n l y  i n  l o c a l s  a n d  p a r a m e t e r s
• n o t  d i r e c t l y  a v a i l a b l e  i n  C #
• r e f /o u t  p a r a m e t e r s  i m p l e m e n t e d  a s  m a n a g e d  p o i n t e r s

– u n m a n a g e d  p o i n t e r  ( * )
• 3 2  b i t -n u m b e r  c o n t a i n i n g  a d d r e s s  o f  s o m e t h i n g  s o m e w h e r e
• t h e  n u m b e r  i s  f u l l y  u n d e r  p r o g r a m m e r ’ s  c o n t r o l  – n o t  t r a c k e d  b y  G C
• i f  i t  p o i n t s  t o  a n  o b j e c t s  o n  m a n a g e d  h e a p ,  t h e  o b j e c t  h a s  t o  b e
p i n n e d – t e m p o r a r i l y  a v o i d e d  f r o m  b e i n g  m o v e d  b y  G C  ( f i x e d
k e y w o r d )

U nsa f eC od e
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X ML  C ommen ts
• c o m m e n t s t h a t  b e g i n  w i t h  / / /  a r e  h a n d l e d  a s X M L  b y  t h e  C #  p a r se r
• h a v e  t o  i m m e d i a t e l y  p r e c e d e  t y p e  o r  m e m b e r  d e c l a r a t i o n

/// <summary>

/// The main entry point for the application.

/// </summary>

/// <param name="args">Command line arguments.</param>

static void Main(string[] args)

• i f  / d o c : file c o m p i l e r  o p t i o n  i s u se d ,  X M L  c o m m e n t s a r e  e x t r a c t e d  f r o m  
so u r c e  f i l e s d u r i n g  c o m p i l a t i o n  a n d  p l a c e d  i n t o  o n e  X M L  f i l e
– X M L  t r a n s f o r m e d  t o  d o c u m e n t a t i o n  u s i n g  t o o l s  ( e .  g .  N D o c )

• p r e d e f i n e d  t a g s k n o w n  t o  t h e  c o m p i l e r
– < s u m m a r y >  < r e m a r k s >  < p a r a >  < s e e >  < s e e a l s o >  < p a r a m >  < r e t u r n >  
< e x c e p t i o n >  < p a r a m r e f >  < c o d e >  < l i s t >  < i n c l u d e >  < e x a m p l e >  . . .

• u n k n o w n  t a g s w r i t t e n  o u t  v e r b a t i m  a l o n g  w i t h  t h e i r  c o n t e n t s
– u s e f u l  f o r  H T M L

X m l C om m ents
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Nu mb ers
• p r i m i t i v e s

– i n t e g e r :  s b y t e ,  b y t e ,  u s h o r t ,  s h o r t ,  i n t ,  u i n t ,  l o n g ,  u l o n g
– f l o a t i n g -p o i n t :  s i n g l e ,  d o u b l e
– f i x e d -p o i n t :  d e c i m a l

• l i t e r a l  su f f i x e s
– i n t e g e r :  U  ( u i n t /u l o n g ),  L  ( i n t /l o n g ),  U L  ( u l o n g )

• def au l t ty pe is the f irst su itab l e amo ng int,  u int,  l o ng,  u l o ng
– f l o a t i n g -p o i n t :  F  ( s i n g l e ),  D  ( d o u b l e ),  M  ( d e c i m a l )

• def au l t ty pe is do u b l e

• i m p l i c i t  w i d e n i n g  t o  n e a r e st  su i t a b l e ,  e x p l i c i t  n a r r o w i n g
• b i n a r y  i n t e g e r  o p e r a t o r s d e f i n e d  o n  i n t ,  u i n t ,  l o n g ,  u l o n g o n l y
• u n a r y  i n t e g e r  o p e r a t o r s d e f i n e d  o n  a l l  i n t e g e r  p r i m i t i v e s

byte b = 1;

b = (byte)(b + b);   // operator + takes and returns 32 bit integers

b++;                 // equivalent to b = (byte)(b + 1);

b *= 10; // equivalent to b = (byte)(b * 10);
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C hec k ed &  U n c hec k ed O p erati on s
• i n t e g e r  a r i t h m e t i c  o p e r a t i o n s a r e  c h e c k e d  b y  d e f a u l t

– e x c e p t i o n  O v e r f l o w E x c e p t i o n t h r o w n  o n  o v e r f l o w /u n d e r f l o w
– c a n  b e  c h a n g e d  b y  /c h e c k e d  c o m p i l e r  o p t i o n

• c h e c k e d a n d  u n c h e c k e d k e y w o r d s
– a p p l i e d  o n  e n c l o s e d  a r i t h m e t i c  o p e r a t i o n s
– c h a n g e  d e f a u l t  b e h a v i o r  s e t  b y  /c h e c k e d  c o m p i l e r  o p t i o n
byte b = 1, y = 2, x = 250;

b = unchecked((byte)(b + 100));

unchecked { y *= x; }

b *= unchecked((byte)1000);

• f l o a t i n g -p o i n t  o p e r a t i o n s n e v e r  t h r o w  a n  e x c e p t i o n
– N a N ,  P o s i t i v e I n f i n i t y ,  N e g a t i v e I n f i n i t y v a l u e s  i n s t e a d
double x = -1.0, y = 0.0;

x /= y;                    

if (x == Double.NegativeInfinity) { … } 
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C harac ters &  S tri n g s
• a l l  c h a r a c t e r s a r e  U n i c o d e ,  2 B  w i d e

• c h a r  
char A = 'A';

char B = '\u0041';

• i m m u t a b l e  st r i n g s
string str = "Hello,/n \u0157!";

string path = @"C:\Windows\System32";

• st r i n g  b u i l d e r s ( S y st e m . T e x t . S t r i n g B u i l d e r )
StringBuilder sb = new StringBuilder("hello");

sb[0] = 'H';

sb.Append(" world!");

string s = sb.ToString();

• b u i l d e r s p e r f o r m s m o d i f i c a t i o n s m u c h  f a st e r  t h a n  st r i n g s
• st r i n g s a r e  i m m u t a b l e  t h o u g h  a  c o p i e s h a v e  t o  b e  m a d e
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S w i tc hi n g  O ver S tri n g s
switch(str)

{

case "AAA": … break;

case "BBB": … break;

default: … break;

}

• s y n t a c t i c  s u g a r  f o r  
– a  se q u e n c e  o f  " i f -t h e n -e l se "  st a t e m e n t s a n d  st r i n g  in t er n in g
o r  ( d e p e n d i n g  o n  t h e  n u m b e r  o f  c a se s)
– c r e a t i n g  a  h a sh  t a b l e  a n d  sw i t c h i n g  o v e r  i n t e g e r s

• C #  1 . 0  d i f f e r s  f r o m  C #  2 . 0  i n  i m p l e m e n t a t i o n
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A rray  T y p es
• a l l  a r r a y  t y p e s d e r i v e d  f r o m  S y st e m . A r r a y  c l a ss

• v e c t o r s
int[] a = {1,2,3};

• m u l t i -d i m e n si o n a l  a r r a y s
int[,] b = {{0,1},{2,3},{4,5}};

• j a g g e d  a r r a y s ( a r r a y s o f  a r r a y s)
int[][] c = {new int[] {0,1},new int[] {2,3,4}}

string[][,] d = { new string[10,10], new string[1,2] };

• a r r a y s w i t h  n o n -z e r o  l o w e r  b o u n d s ( n o  sp e c i a l  sy n t a x  i n  C # )
Array e = Array.CreateInstance(

typeof(int),             // element type

new int[] {1,2,3}, // lengths

new int[] {8,9,10}); // lower bounds



Advanced C #  and . N E T  p r o g r am m i ng

C u stom A ttri b u tes
• a  w a y  h o w  t o  a ssi g n  a  p i e c e  o f  i n f o r m a t i o n  ( a n  a t t r i b u t e ) 

t o  a n  a r b i t r a r y  l a n g u a g e  e l e m e n t ( m e t h o d ,  f i e l d ,  … )
• u se f u l  f o r  c o m p i l e r s a n d  o t h e r  t o o l s
• u se d  a l so  b y  C L R  a n d  C #

• a  st r u c t u r e  o f  a t t r i b u t e ’ s d a t a  d e f i n e d  b y  a  c l a ss
– d e r i v e d  f r o m  S y s t e m . A t t r i b u t e  c l a s s
– w i t h  n a m e  s u f f i x e d  w i t h  “ A t t r i b u t e ”  b y  c o n v e n t i o n
– e . g . :  F l a g s A t t r i b u t e ,  T h r e a d S t a t i c A t t r i b u t e ,  …

// class defining attribute data:

public class MyAttribute : Attribute

{

// constructor:

public MyAttribute(int i)

{

this.data = data; 

}

private int data;

}

// attribute used on various lang. elements:

[My(1)]

public class MyClassWithAttibute

{

[My(2), return: My(5)]

public string MyMethod([My(8)] string arg)

{

…

}

}


