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Compiler Known I nt erf a c e:  I E nu mera b le
• 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 s s  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 s e d  i n  f o r e a c h s t 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 s t e d t o  t h e  s p 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

• n o t a  ma n da to r y  c o n di ti o n ,  s e v e r a l  mo r e  p a tte r n s  a r e  p o s s i b l e
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Compiler Known I nt erf a c e:  I D is pos a b le
• d i s p o s a b l e  p a t t e r n

– de te r mi n i s ti c  c l e a n -u p  b y  I D i s p o s a b l e .D i s p o s e ( )  me th o d
– i mp l e me n te d b y  c l a s s e s  r e q u i r i n g  c l e a n -u p  a f te r  th e  j o b  i s  do n e
– u s u a l l y  c l a s s e s  h o l di n g  u n ma n a g e d s y s te m r e s o u r c e s  ( h a n dl e s )
– e .g .:  f i l e  s tr e a ms

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

{ 

/* some useful job */

}

i s  e q u i v a l e n t to :
FileStream fs = File.Create(path);

try

{ 

/* some useful job */

} 

finally

{ 

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

}
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E nu mera t ed T y pes &  B it  F la g s
• b a s e d  o n  s t r u c t u r e  S y s t 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 s i n g  b i t w i s e  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 pe O b j ec t s
• 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 s o l v e d  w i l l  b e  d e s c r i b e d  i n  l a t e r  l e c t u r e s
– c l a s s  c o n s t 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 s t 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 s e d  b y  r e f l e c t i o n
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F ield s
• d a t a  a s s o 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 s i 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

• s t 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 s t 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 ield s  ( c ont . )
• c o n s t a n t  f i e l d s

– c o n s t k e y w o r d ,  i n h e r e n t l y  s t a t i c
– t y p e  o f  t h e  c o n s t 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 s t a n t  u s e  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 s e 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  s t a t i c  a n d  i n s t a n c e  f i e l d s
– c a n  b e  a s s i g n e d  t o  o n l y  i n  a  c o n s t r u c t o r
public static readonly int Year;
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F ield s  ( c ont . )
• 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 ield s  ( c ont . )
• 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 et h od s
• c o d e  a s s o 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 s i 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

• s t 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 s t 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()

{ }



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

M et h od s  ( c ont . )
• 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 et h od s  ( c ont . )
• 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
• a s  l o n g  a s  th e y  di f f e r  i n  n u mb e r  o r  ty p e s  o f  p a r a me te r s

– 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 s t 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();

• s e 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 et h od  P a ra met ers
• 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  s t o r a g e  l o c a t i o n
• a s s i 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);

ParameterPassing
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M et h od  P a ra met ers  ( c ont . )
• 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 s e n t s  t h e  s a m e  s t 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 s s  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 s s e 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);

ParameterPassing



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

M et h od  P a ra met ers  ( c ont . )
• 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 s i d e r e d  u n a s s i g n e d
• m u s t  b e  d e f i n i t e l y  a s s i 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);

ParameterPassing
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M et h od  P a ra met ers  ( c ont . )
• 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 s t  b e  t h e  l a s t  o n e  a n d  o f  s i n g l e -d i m e n s i 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  s p 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

– s y n t a c t i c  s u g a r
public void Bar(params string[] args)

{

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

}

// invocation:

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

ParameterPassing
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I ns t a nc e Cons t ru c t ors
• i n s t 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 s i 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 s t 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 s t a n c e  c o n s t r u c t o r s  t h a t  d i f f e r  i n  s i g n a t u r e
• s u b t y p e s  d o  n o t  i n h e r i t  s u p e r t y p e ’ s c o n s t r u c t o r s
• i f  n o  u s e r -d e f i n e d  c o n s t r u c t o r  e x i s t 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 s s c o n s t r u c t o r
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S t a t ic  Cons t ru c t ors
• p a r a m e t e r l e s s s t 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 s i 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

• p r e c i s e  b e h a v i o r  de p e n ds  o n  th e  b e f o r e f i e l di n i t ty p e  a ttr i b u te
class A

{

static A()

{ }

}

• o n l y  o n e  s t a t i c  c o n s t 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 s t  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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P ropert ies
• p a i r s  o f  g e t  &  s e t  m e t h o d s  a c c e s s i b l e  w i t h  t h e  f i e l d -l i k e  s y 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);

• s y n t a c t i c  s u 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  s t a t i c
• o n e  o f  g e t ,  s e 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 nd ex ers
• p r o p e r t i e s  t h a t  e n a b l e  i n s t a n c e s  t o  b e  i n d e x e d  i n  t h e  s a 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]);

• s y n t a c t i c  s u g a r
• i n d e x e r s  c a n n o t  b e  s t 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 s s e d  u s i n g  t h e  b a s e [  ]  s y n t a x



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

O pera t ors

*   ->    [ ]    &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 f  T 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
+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 pera t or O v erloa d ing
• u s e r -d e f i n e d  c l a s s e s  a n d  s t 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 erato rO v erl o ad ing


