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C# Program Structure
• t y p e s

– c o d e  a n d  d a t a  d e s c r i p t o r s
– v i s i b i l i t y :  p u b l i c ,  i n t e r n a l  ( d e f a u l t )

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

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

• m e t a d a t a
– g e n e r a t e d  b y  t h e  C #  c o m p i l e r
– c u s t o m  m e t a d a t a  ( a t t r i b u t e s ) c a n  b e  d e f i n e d  a n d  u s e d  i n  C #
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Prep roces s or D i recti v es
• # d e f i n e ,  # u n d e f

– d e f i n e / r e m o v e  a  sy m b o l
– n o  v a l u e  p o ssi b l e  (n o  m a c r o s)
– a t  t h e  b e g i n i n g o f  a  so u r c e  f i l e
– c o m p i l e r  o p t i o n  / d e f i n e

• # i f ,  # e l s e ,  # e l i f ,  # e n d i f
– c o n d i t i o n a l  c o m p i l a t i o n  d e p e n d i n g  o n  d e f i n e d  sy m b o l s

• # r e g i o n ,  # e n d r e g i o n
– i g n o r e d  b y  p r e p r o c e sso r ,  u se f u l  f o r  t o o l s l i k e  V S . N E T
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N ames p aces
• t y p e s d e c l a r e d  i n  n a m e sp a c e s

– d o t  n o t a t i o n ,  e . g .  S y s t e m . C o l l e c t i o n s . H a s h t a b l e
– s u b n a m e s p a c e s
– n o t  r e l a t e d  t o  d i r e c t o r y  s t r u c t u r e  n o r  s o u r c e  f i l e s  ( u n l i k e  J a v a p a c k a g e s )
namespace A.B.C

{

namespace D 

{

class MyClass1 { … }  // class's namespace is A.B.C.D

class MyClass2 { … }

}

class MyClass3 { … }    // class's namespace is A.B.C

}

• u si n g k e y w o r d  
– a l l o w s u s i n g s h o r t n a m e s o f t y p e s d e c l a r e d i n  t h e s p e c i f i e d n a m e s p a c e
– a l l o w s  c r e a t e  t y p e  n a m e a l i a s e s  a n d  n a m e s p a c e a l i a s e s
using MyCls = A.B.C.D.MyClass1;

using MyNamespace = A.B;

using A.B.C;                     
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B CL  N ames p aces
• B a s e  C l a s s  L i b r a r y  n a m e s p a c e s  ( i m p l e m e n t e d  i n  m s c o r l i b )

– S y st e m
– S y st e m . T e x t
– S y st e m . R e f l e c t i o n
– S y st e m . T h r e a d i n g
– S y st e m . I O
– S y st e m . C o l l e c t i o n s
– S y st e m . G l o b a l i z a t i o n
– S y st e m . D i a g n o st i c s
– S y st e m . S e c u r i t y
…
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T y p es
• t y p e  o f  e a c h  m a n a g e d  d a t a  m u st  b e  k n o w n
• c o m m o n  su p e r t y p e :  S y st e m . O b j e c t  

– To S t r i n g ,  G e t Ty p e ,  E q u a l s ,  G e t H a s h C o d e ,  F i n a l i z e ,  M e m b e r w i s e C l o n e

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

• al l o cated o n managed heap
• accessed via a ref erence

– v a l u e  t y p e s
• al l o cated o n the stack  o r emb edded to  an o b j ect o r array
• simpl e data o r co mpo u nd stru ctu res
• b o x ing co nverts a val u e to  an o b j ect
• seal ed su b ty pes o f  S y stem.V al u eT y pe

• p r i m i t i v e  t y p e s
– t y p e s  k n o w n  t o  a  p a r t i c u l a r  l a n g u a g e  c o m p i l e r
– C #

• S y stem.B o o l ean ( b o o l ) ,  S y stem.I nt3 2  ( int) ,  S y stem.D o u b l e ( do u b l e) ,  
S y stem.C har ( char) ,  S y stem.S tring ( string) ,  S y stem.O b j ect ( o b j ect) ,  …

Structures
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B ox i n g &  U n b ox i n g
• v a l u e  st o r a g e s

– v a l u e s  a l l o c a t e d  o n  s t a c k
• no t managed b y  G C  ( ho w ever,  G C  k no w s ab o u t them)
• l if etime du ring a metho d ex ecu tio n
• f reed w hen a stack  f rame is rel eased
• f inal izer is no t cal l ed

– v a l u e s  e m b e d d e d  i n t o  o b j e c t s  o r  a r r a y s
• val u e l if etime co rrespo nds to  the o b j ect/array  l if etime
• no t managed b y  G C ,  f inal izer no t cal l ed o n rel ease

– b o x e d  v a l u e s  o n  t h e  m a n a g e d  h e a p
• val u e is w rapped to  an o b j ect al l o cated o n heap
• f inal izer cal l ed if  def ined ( w hich is no t the case in C # )
• impl icit b o x ing w hen val u e is u sed as ref erence in C #

object o = 1;

• ex pl icit u nb o x ing
int a = (int)o;

Structures
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T y p e Cas ti n g
• e x p l i c i t  c a s t

– m a y  l e a d  t o  a  c o m p i l e -t i m e  o r  a  r u n -t i m e  e r r o r
– t h r o w s a n  I n v a l i d C a st E x c e p t i o n o n  r u n -t i m e  f a i l u r e

string str = (string)obj;

• i s o p e r a t o r
– r e t u r n s w h e t h e r  a n  o b j e c t  i s o f  a  sp e c i f i e d  t y p e

bool b = obj is string;

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

string str = obj as string;

if (str!=null) Console.Write(str.ToLower());
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N es ted  T y p es
• d e c l a r e d  i n si d e  a n o t h e r  t y p e  d e c l a r a t i o n

– i n f l u e n c e s  v i s i b i l i t y  o n l y
– n o  o t h e r  r e l a t i o n s h i p  b e t w e e n  e n c l o s i n g  a n d  n e s t e d  c l a s s e s

public class A

{

private static int x;

private int m() { return 1; }

private class B // nested class (a "friend" of A)

{

public f(A a) { return a.m() + x; }

}

}

• J a v a  i n n e r  c l a sse s e m u l a t i o n
– i n n e r  c l a s s  =  n e s t e d  c l a s s  +  f i e l d  outer i n i t i a l i z e d  i n  c t o r

public class Outer

{

private class Inner

{

private readonly Outer outer;

public Inner(Outer outer) { this.outer = outer; }

}

}

I n n erC l a ss
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I n terf aces
• c o n t r a c t s
• i n h e r i t a n c e  i n  C L R

– si n g l e  i m p l e m e n t a t i o n  i n h e r i t a n c e
• m e t h o d  i m p l e m e n t a t i o n s  a r e  i n h e r i t e d

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

• d e c l a r i n g  a n  i n t e r f a c e
– i n t e r f a c e k e y w o r d
– c o n t a i n s

• p u b l i c  v i r t u a l  i n s t a n c e  m e t h o d s
• C L R ,  n o t  C # :  s t a t i c  f i e l d s ,  m e t h o d s ,  c t o r s ,  c o n s t a n t s

– c a n  i m p l e m e n t  o t h e r  i n t e r f a c e s
• i n h e r i t s  a  c o n t r a c t
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I mp l emen ti n g I n terf aces
• i n t e r f a c e  m e t h o d  i m p l e m e n t a t i o n

– s a m e  n a m e  &  s i g n a t u r e  ( p a r a m .  n a m e s  m a y  d i f f e r )
– h a s  t o  b e  p u b l i c  ( k e y w o r d  r e q u i r e d )
– c a n  b e  v i r t u a l  o r  s e a l e d  ( i f  v i r t u a l k e y w o r d  m i s s i n g )

• e x p l i c i t  i n t e r f a c e  m e t h o d  i m p l e m e n t a t i o n
– i n h e r e n t  p r o b l e m  o f  m u l t i p l e  i n h e r i t a n c e  

• m o r e  m e t h o d s  h a v i n g  t h e  s a m e  n a m e  a n d  s i g n a t u r e
– i m p l e m e n t a t i o n s p r e f i x e d  w i t h  i n t e r f a c e s

• n o  a c c e s s  m o d i f i e r s
– no t accessib l e via impl ementing cl ass ref erences ( ⇒ private)
– accessib l e o nl y  u sing ref erence ty ped to  the interf ace ( ⇒ pu b l ic)

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

• h i d e  i m p l e m e n t a t i o n  o f  a n  i n t e r n a l  i n t e r f a c e

E x p l i ci tI n terf a ces
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Comp i l er K n ow n I n terf ace:  I E n umerab l e
• i n t e r f a c e  u s e d  b y  f o r e a c h s t a t e m e n t

– e a c h  c l a ss i m p l e m e n t i n g  I E n u m e r a b l e c a n  b e  u se d  i n  f o r e a c h st m t .
ArrayList a = new ArrayList();

a.Add("first");

a.Add("second");

a.Add("third");

foreach (string s in a) 

{

Console.WriteLine(s);

}

• g e n e r a l  p a t t e r n
– f o r e a c h (type i d en ti f i er i n ex pr es s i o n ) s ta tem en t
– e a c h  e n u m e r a t e d  e l e m e n t  i s c a st e d t o  t h e  sp e c i f i e d  type
– ex pr es s i o n i m p l e m e n t s I E n u m e r a b l e i n t e r f a c e

• no t a mandato ry  co nditio n,  several  mo re patterns are po ssib l e
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Comp i l er K n ow n I n terf ace:  I D i s p os ab l e
• d i sp o sa b l e  p a t t e r n

– deterministic cl ean-u p b y  I D ispo sab l e.D ispo se( )  metho d
– impl emented b y  cl asses req u iring cl ean-u p af ter the j o b  is do ne
– u su al l y  cl asses ho l ding u nmanaged sy stem reso u rces ( handl es)
– e.g.:  f il e streams

• sy n t a c t i c  su g a r  i n  C #  e x p l o i t i n g  u si n g k e y w o r d :
using (FileStream fs = File.Create(path)) 

{ 

/* some useful job */

}

is eq u ival ent to :
FileStream fs = File.Create(path);

try

{ 

/* some useful job */

} 

finally

{ 

if (fs!=null) ((IDisposable)fs).Dispose(); 

}
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E n umerated T y p es &  B i t F l ags
• b a se d  o n  st r u c t u r e  S y st e m . E n u m

• e n u m s (o n e  o n l y )
enum Colors : int { Red, Green, Blue };

enum Choice : byte { Yes, No };

Colors c = Colors.Red;

• b i t  f l a g s (c o m b i n a b l e  u si n g  b i t w i se  o p e r a t o r s)
[Flags] enum Access : int

{ 

Read = 1, 

Write = 2, 

Execute = 4

};

Access a = Access.Read | Access.Write;

if ((a & Access.Write)!=0) { … }
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T y p e O b j ects
• a  t y p e  i s  n o t  l o a d e d  u n t i l  u s e d  f o r  t h e  f i r s t  t i m e

– h o w  t y p e s a r e  r e so l v e d  w i l l  b e  d e sc r i b e d  i n  l a t e r  l e c t u r e s
– c l a ss c o n st r u c t o r  (. c c t o r ) c a l l e d  w h e n  t y p e  i s l o a d e d

• e a c h  t y p e  r e p r e s e n t e d  b y  a n  i n s t a n c e  o f  S y s t e m . T y p e
• g o t  b y  

– t y p e o f o p e r a t o r
typeof(type_identifier)

– o r  G e t T y p e () i n st a n c e  n o n -v i r t u a l  m e t h o d
instance.GetType()

• t y p e  o b j e c t  s t o r e d  i n  v t a b l e h e a d e r
– c r e a t e d  o n -d e m a n d
– u se d  b y  r e f l e c t i o n
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F i el d s
• d a t a  a sso c i a t e d  w i t h  a n  o b j e c t  o r  a  t y p e
• v i si b i l i t y

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

• st a t i c  f i e l d s
– a s s o c i a t e d  w i t h  a  t y p e ,  s h a r e d  b y  a l l  i n s t a n c e s
– i n i t i a l  v a l u e  ( i f  p r e s e n t ) a s s i g n e d  t o  i n  t h e  s t a t i c  c o n s t r u c t o r
public static int X = 1;

• i n st a n c e  f i e l d s
– a s s o c i a t e d  w i t h  p a r t i c u l a r  i n s t a n c e s
– i n i t i a l  v a l u e  ( i f  p r e s e n t ) a s s i g n e d  t o  i n  a l l  i n s t a n c e  c o n s t r u c t o r s
public int Y = 2;
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F i el d s  ( con t. )
• c o n s t a n t  f i e l d s

– c o n st k e y w o r d ,  i n h e r e n t l y  st a t i c
– t y p e  o f  t h e  c o n st a n t  l i m i t e d  t o

• n u m b e r s
• s t r i n g
• r e f e r e n c e  t y p e s  i n i t i a l i z e d  t o  n u l l

– c o n st a n t  u se  i s r e p l a c e d  w i t h  i t s v a l u e  b y  t h e  c o m p i l e r
– n o  r e p r e se n t a t i o n  a t  r u n -t i m e
private const string s = "Hello";

• r e a d o n l y f i e l d s
– r e a d o n l y k e y w o r d ,  w o r k s f o r  b o t h  st a t i c  a n d  i n st a n c e  f i e l d s
– c a n  b e  a ssi g n e d  t o  o n l y  i n  a  c o n st r u c t o r
public static readonly int Year;
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F i el d s  ( con t. )
• v o l a t i l e  f i e l d s

– v o l a t i l e k e y w o r d
– p r o h i b i t s  r e o r d e r i n g  o f  i n s t r u c t i o n s  r e l a t e d  t o  t h e  f i e l d
– p r o h i b i t s  s t o r i n g  t h e  v a l u e  i n  r e g i s t e r
– s t r o n g e r  t h a n  v o l a t i l e i n  J a v a

• d o u b l e  c h e c k e d -l o c k i n g  p a t t e r n  c o r r e c t  i n  C #
internal static volatile object singleton;

• t h r e a d -s t a t i c  f i e l d s
– s t a t i c  f i e l d  d e c o r a t e d  w i t h  t h e  T h r e a d S t a t i c a t t r i b u t e
– e a c h  t h r e a d  h a s  i t s  o w n  v a l u e
[ThreadStatic]

public static object context;
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F i el d s  ( con t. )
• n e w k e y w o r d  s h o u l d  b e  u s e d  w h e n  h i d i n g  a n  
i n h e r i t e d  f i e l d  b y  a  f i e l d  o f  t h e  s a m e  n a m e
class A

{

public int X;

}

class B : A

{

new public string X;

}

• f i e l d  n a m e  a n d  t h e  n a m e  o f  i t s  t y p e  c a n  b e  
i d e n t i c a l
public Color Color;
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M eth od s
• c o d e  a sso c i a t e d  w i t h  a n  o b j e c t  o r  a  t y p e
• v i si b i l i t y

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

• st a t i c  m e t h o d s
– d o  n o t  o p e r a t e  o n  a  s p e c i f i c  i n s t a n c e
public static void Foo()

{ }

• i n st a n c e  m e t h o d s
– o p e r a t e  o n  a  g i v e n  i n s t a n c e  t h a t  i s  a c c e s s i b l e  v i a  t h i s
– e i t h e r  n o n -v i r t u a l
public void Foo()

{ }

– o r  v i r t u a l  ( v i r t u a l k e y w o r d )
public virtual void Foo()

{ }
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M eth od s  ( con t. )
• h i d i n g  n o n -v i r t u a l  m e t h o d s

– n e w k e y w o r d  s h o u l d  b e  u s e d
class A

{

public void Foo()

{ }

}

class B : A

{

new public void Foo()

{ base.Foo(); } // invokes the hidden method

}

• o v e r r i d i n g  v i r t u a l  m e t h o d s
– o v e r r i d e k e y w o r d  h a s  t o  b e  u s e d  ( i n s t e a d  o f  v i r t u a l )
class A

{

public virtual void Foo()

{ }

}

class B : A

{

public override void Foo()

{ base.Foo(); } // invokes the overriden method

}
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M eth od s  ( con t. )
• o v e r l o a d i n g

– m o r e  t h a n  o n e  m e t h o d  o f  t h e  s a m e  n a m e  m a y  b e  d e f i n e d
• as l o ng as they  dif f er in nu mb er o r ty pes o f  parameters

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

• a b st r a c t  m e t h o d s
– a b s t r a c t k e y w o r d ,  n o  b o d y
– a l l o w e d  i n  a b s t r a c t  c l a s s e s  o n l y
– i n h e r e n t l y  v i r t u a l  ⇒ i m p l e m e n t e d  w i t h  o v e r r i d e i n  a  s u b c l a s s
public abstract void Foo();

• se a l e d  m e t h o d s
– s e a l e d k e y w o r d
– a p p l i e s  t o  o v e r r i d e m e t h o d s  o n l y
– p r e v e n t s  t h e  m e t h o d  f r o m  b e i n g  f u r t h e r  o v e r r i d e n
public sealed override void Foo()

{ }
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M eth od  Parameters
• p a r a m e t e r s  p a s s e d  b y  v a l u e

– d e c l a r e d  w i t h  n o  m o d i f i e r s
– p a s s e d  “ b y -v a l u e ”

• c r e a t e s a  n e w  st o r a g e  l o c a t i o n
• a ssi g n i n g  a  n e w  v a l u e  h a s n o  e f f e c t  o n  t h e  a c t u a l  p a r a m e t e r

public void Foo(int x)

{

x = 1; // does not propagate back to caller

}

// invocation:

Foo(0);

P a ra m eterP a ssi n g
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M eth od  Parameters  ( con t. )
• p a r a m e t e r s  p a s s e d  b y  r e f e r e n c e

– d e c l a r e d  w i t h  t h e  r e f m o d i f i e r
– p a s s e d  “ b y -r e f e r e n c e ”

• r e p r e se n t s t h e  sa m e  st o r a g e  l o c a t i o n  a s t h e  a c t u a l  p a r a m e t e r
• a d d r e ss o f  t h e  a c t u a l  p a r a m e t e r  (m a n a g e d  p o i n t e r ) i s p a sse d  
t o  t h e  m e t h o d

public void Foo(ref int x)

{

x = 1; // propagates back to caller

}

// invocation:

int x = 0;

Foo(ref x);

P a ra m eterP a ssi n g



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

M eth od  Parameters  ( con t. )
• o u t p u t  p a r a m e t e r s

– d e c l a r e d  w i t h  t h e  o u t m o d i f i e r
– p a s s e d  “ b y -r e f e r e n c e ”
– l i k e  r e f e r e n c e  p a r a m e t e r s  b u t

• i n i t i a l l y  c o n si d e r e d  u n a ssi g n e d
• m u st  b e  d e f i n i t e l y  a ssi g n e d  b e f o r e  t h e  m e t h o d  r e t u r n s

public void Foo(out int x)

{

x = 1; // propagates back to caller

}

// invocation:

int x;

Foo(out x);

P a ra m eterP a ssi n g
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M eth od  Parameters  ( con t. )
• p a r a m e t e r  a r r a y s

– p a r a m e t e r s d e c l a r e d  w i t h  t h e  p a r a m s m o d i f i e r
– m u st  b e  t h e  l a st  o n e  a n d  o f  si n g l e -d i m e n si o n a l  a r r a y  t y p e
– i f  i n v o c a t i o n  sp e c i f i e s z e r o  o r  m o r e  p a r a m e t e r s i m p l i c i t l y  
c o n v e r t i b l e  t o  t h e  a r r a y  e l e m e n t  t y p e ,  t h e  a r r a y  i s a u t o m a t i c a l l y  
c r e a t e d  a n d  f i l l e d  w i t h  t h e  p a r a m e t e r s

– sy n t a c t i c  su g a r
public void Bar(params string[] args)

{

// args contains { "a", "b", "c" }

}

// invocation:

Bar("a", "b", "c");

P a ra m eterP a ssi n g
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I n s tan ce Con s tructors
• i n st a n c e  m e t h o d s w i t h  n a m e  i d e n t i c a l  t o  t h e  n a m e  o f  t h e  e n c l o si n g  t y p e  a n d  w i t h o u t  r e t u r n  v a l u e
• c a l l e d  d u r i n g  i n st a n t i a t i o n  w i t h  p a r a m e t e r s g i v e n  t o  n e w

class A
{
public A() { }
public A(string x) { }

}

class B
{
public B() : this("default") { }
public B(string x) : base(x) { }

}

// instantiating the class:
A a1 = new A();
A a2 = new A("test");

• t y p e s m a y  d e f i n e  m o r e  i n st a n c e  c o n st r u c t o r s t h a t  d i f f e r  i n  si g n a t u r e
• su b t y p e s d o  n o t  i n h e r i t  su p e r t y p e ’ s c o n st r u c t o r s
• i f  n o  u se r -d e f i n e d  c o n st r u c t o r  e x i st s,  t h e  c o m p i l e r  c r e a t e s d e f a u l t  p a r a m e t e r l e ss c o n st r u c t o r
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Stati c Con s tructors
• p a r a m e t e r l e ss st a t i c  m e t h o d  w i t h  n a m e  i d e n t i c a l  t o  t h e  n a m e  o f  t h e  

e n c l o si n g  t y p e  a n d  w i t h o u t  r e t u r n  v a l u e

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

• precise b ehavio r depends o n the b ef o ref iel dinit ty pe attrib u te
class A

{

static A()

{ }

}

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

– s t a t i c  c o n s t r u c t o r s  a r e  t h r e a d -s a f e
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Prop erti es
• p a i r s o f  g e t  &  se t  m e t h o d s a c c e ssi b l e  w i t h  t h e  f i e l d -l i k e  sy n t a x

class A

{

private string name;

public string Name // public property

{

get { return name; }

set { name = value; }

}

}

// accessing the property:

A a = new A();

a.Name = "test";

Console.WriteLine(a.Name);

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

– r e a d -o n l y  o r  w r i t e -o n l y  p r o p e r t y
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I n d ex ers
• p r o p e r t i e s t h a t  e n a b l e  i n st a n c e s t o  b e  i n d e x e d  i n  t h e  sa m e  w a y  a s 

a r r a y s
class Matrix

{

object[,] data;

public object this[int row, int col]

{

get { return data[row, col]; }

set { data[row, col] = value; }

}

}

// indexing instances:

Matrix m = new Matrix();

m[0, 1] = 3;

Console.WriteLine(m[2, -1]);

• sy n t a c t i c  su g a r
• i n d e x e r s c a n n o t  b e  st a t i c
• i n h e r i t e d  i n d e x e r  i s a c c e sse d  u si n g  t h e  b a se [  ]  sy n t a x
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O p erators

*   ->    [ ]    &Indirection a nd A ddres s
c h e c k e d u n c h e c k e dO v erf l ow ex cep tion control
a s    i s s i z e o f t y p e o fT y p e inf orm a tion
n e wO b j ect crea tion
+= -=D el eg a te conca tena tion a nd rem ov a l
? :C onditiona l
( )C a s t
[ ]Index ing
.M em b er a cces s
=   +=   -=   *=   / =   % =   & =   | =   ̂ =   < < =   > > =A s s ig nm ent
==   ! =   <    >    < =   > =R el a tiona l
< <    > >S h if t
++   --Increm ent,  decrem ent
+ (a t l ea s t one op era nd h a s  to b e a  s tring ,  no m a tter w h ich  one)S tring conca tena tion
&    |    ^    !    ~    & &    | |    t r u e    f a l s eL og ica l (b ool ea n a nd b itw is e)
+   - *   /    %A rith m etic
O p e r a t o r sO p e r a t o r  c a t e g o r y
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O p erator O v erl oad i n g
• u se r -d e f i n e d  c l a sse s a n d  st r u c t u r e s c a n  o v e r l o a d  c e r t a i n  o p e r a t o r s

– u n a r y :  +    - !    ~    + +    -- t r u e    f a l s e
public static Complex operator -(Complex a)

{

return new Complex(-a.re, -a.im);

}

– b i n a r y :  +    - *    /   %    &    |    ^    < <    > >    = =    ! =    >    <    > =    < =
public static Complex operator +(Complex a, Complex b)

{

return new Complex(a.re + b.re, a.im + b.im);

}

– i m p l i c i t  a n d  e x p l i c i t  c a s t
public static implicit operator Complex(double d)

{

return new Complex(d, 0);

}

public static explicit operator double(Complex a)

{

if (a.im != 0) throw new InvalidCastException();

return a.re;

}

O p era to rO v erl o a d i n g
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“ R es erv ed ”  M eth od  N ames
• 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 egates
• 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 v en ts
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E x cep 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

}

E x cep ti o n s
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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 cep ti on s  ( con 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

E x cep ti o n s
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U n s af 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 n sa f eC o d e
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U n s af e C# ( con 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 n sa f eC o d e
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X M L  Commen 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 : f i l e 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 o m m en ts
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N umb 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 e 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);



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

Ch eck ed  &  U n ch eck 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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Ch aracters  &  Stri n gs
• 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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Sw i tch i n g O v er Stri n gs
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  i n ter n i n 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
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Cus tom A ttri b utes
• 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)

{

…

}

}


