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

Improvements to Version 1.0
• C L R

– g e n e r i c  t y p e s a n d  m e t h o d s

• B C L
– g e n e r i c  c o l l e c t i o n s
– n e w  f u n c t i o n a l i t y  

• C #
– g e n e r i c  t y p e s a n d  m e t h o d s
– a n o n y m o u s m e t h o d s
– i t e r a t o r s
– t y p e  i n f e r e n c e
– n u l l a b l e  t y p e s 
– p a r t i a l  t y p e s
– n a m e sp a c e  h i e r a r c h i e s
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G eneric s
• g o a l s

– r e d u c e  d y n a m i c  t y p e  c a s t s  
• w hich canno t b e check ed at co mpil e-time

– r e d u c e  b o x i n g / u n b o x i n g
• w hich w aste memo ry  and time

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

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

• C L R  k n o w s g e n e r i c s
• c o m p a r e d  t o  o t h e r  l a n g u a g e s

– w e a k e r  t h a n  C + +  t e m p l a t e s
– s t r o n g e r  t h a n  J a v a  g e n e r i c s

• J V M  d o e s n ’t  k n o w  g e n e r i c s
• r e p l a c e d  w i t h  m o s t  g e n e r i c  t y p e  ( u s u a l l y  o b j e c t ) b y  c o m p i l e r
• e . g .  a r r a y s  w i t h  g e n e r i c  e l e m e n t  t y p e  n o t  s u p p o r t e d  b y  J a v a
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G eneric  T y pes
class GenericClass<S,T>

{

private T field;

public GenericClass() { … }  // instance constructor

public S M() { … }           // instance method

}

• t y p e  p a r a m e t e r s  
– e.g. S ,  T
– ty pes can b e o verl o aded o n the nu mb er o f  parameters

• c o n s t r u c t e d  t y p e s
– created f ro m generic ty pes b y  specif y ing ty pe parameter( s)
– o pen

• e . g .  G e n e r i c C l a s s < X , Y > ,  G e n e r i c C l a s s < i n t , X >
– cl o sed

• e . g .  G e n e r i c C l a s s < i n t , s t r i n g >

• a  n e s t e d  t y p e  o f  a  g e n e r i c  t y p e  i s  a  g e n e r i c  t y p e
– can u se ty pe parameters o f  the o u ter ty pe
– can have additio nal  ty pe parameters

• these hide o u ter ty pe’s ty pe parameters having the same name
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Impl ementa tion in C L R
• e a c h  c l o se d  c o n st r u c t e d  t y p e  h a s i t s o w n  

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

• .ccto r ex ecu ted f o r each u sed cl o sed co nstru cted ty pe
• .ccto r is a co nvenient pl ace f o r ru n-time ty pe parameter check s

• g e n e r i c  c o d e  sp e c i a l i z a t i o n
– r e f e r e n c e  t y p e  s p e c i a l i z a t i o n s

• shares o ne native co de
– v a l u e  t y p e  s p e c i a l i z a t i o n s

• a special ized native co de co py  is made f o r each cl o sed co nstru cted ty pe
– b y  J I T ,  n o t  b y  C #

• dif f erent f ro m J ava
– J a v a  c o m p i l e r  h a n d l e s  g e n e r i c s ,  J V M  d o e s n ’t  k n o w  a b o u t  t h e m

• dif f erent f ro m C + +
– t e m p l a t e s  h a n d l e d  a s  a  k i n d  o f  p r e p r o c e s s i n g
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C onstra ints
• c o n st r a i n  a  t y p e  p a r a m e t e r

– t o  i n h e r i t  f r o m  a  s p e c i f i e d  t y p e
• stru ct o r cl ass k ey w o rds can al so  b e u sed

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

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

• c o n st r a i n t s a l l o w s
– t o  a c c e s s  i m p l i e d  i n s t a n c e  m e m b e r s

class MyDictionary<K,V,S>
where K: IComparable<K>
where V: IPrintable, IKeyProvider<K>, new()
where S: struct

{ 
… new V(); …

}

class SortedList<T> where T: IComparable<T> 
{
public void Add(T item)
{
… if (item.CompareTo(…)) …

}
}



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

D ef a u l t Va l u es
• r e t u r n s a  d e f a u l t  v a l u e  o f  a  sp e c i f i e d  t y p e  p a r a m e t e r

– n u l l  f o r  r e f e r e n c e  t y p e s
– z e r o  f o r  n u m e r i c  v a l u e ,  f a l s e  f o r  b o o l e a n ,  ' \0 '  f o r  c h a r a c t e r  
– a  s t r u c t u r e  i n i t i a l i z e d  b y  d e f a u l t  v a l u e s

• v i a  d e f a u l t k e y w o r d  a p p l i e d  o n  t h e  t y p e  p a r a m e t e r

public class C<T> 

{ 

private T value;

public T M() 

{ 

return (condition) ? value : default(T);

} 

}
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N otes on G eneric  T y pes
• i m p l e m e n t a t i o n  o f  g e n e r i c  i n t e r f a c e s

– i f  t h e r e  e x i s t  v a l u e s  o f  t y p e  p a r a m e t e r s  s u c h  t h a t  i n t e r f a c e  t y p e s  a r e  t h e  s a m e  a f t e r  s u b s t i t u t i o n
⇒ ty pe decl aratio n is inval id

interface I<T> { … }
class T<U,V> : I<U>, I<V> { … }  // error

• o v e r l o a d i n g
– i f  t h e r e  e x i s t  v a l u e s  o f  t y p e  p a r a m e t e r s  s u c h  t h a t  o v e r l o a d s  h a v e  t h e  s a m e  s i g n a t u r e  a f t e r  s u b s t i t u t i o n
⇒ o verl o ad decl aratio n is inval id

class T<U>
{

void f(int a);
void f(U a); // error

}

Generics
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S ome B C L  G eneric  T y pes
• d e l e g a t e s

– vo id A ctio n< T > ( T )
– b o o l P redicate< T > ( T )
– U  C o nverter< T ,  U > ( T )
– int C o mpariso n< T > ( T ,  T )
– vo id E ventH andl er< T > ( o b j ect sender,  T  args) w here T  :  E ventA rgs

• c o l l e c t i o n  i n t e r f a c e s
– I E nu merato r< T >  … enu merato r
– I E nu merab l e< T >  … so mething enu merab l e via an enu merato r
– I C o l l ectio n< T >  … a co l l ectio n o f  items
– I D ictio nary < K , V >  … a co l l ectio n o f  k ey -val u e pairs

• c o l l e c t i o n  c l a s s e s
– S tack < T >
– Q u eu e< T >
– L ist< T >
– L ink edL ist< T >  … do u b l y  l ink ed l ist w ith a head
– D ictio nary < K , V >  … a hashtab l e
– S o rtedD ictio nary < K , V >
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G eneric  M eth od s
public static T Find<T>(T[] items, Predicate<T> test) where T : new()

{

foreach (T item in items) if (test(item)) return item;

return new T();

}

• p a t t e r n
– … N ame< ty pe-parameters> ( …) [ co nstraints]  {  … }

• s i g n a t u r e
– ( N ame,  nu mb er o f  ty pe parameters,  argu ment ty pes and mo dif iers)
– co ntains neither co nstraints no r names o f  the ty pe parameters

• o v e r l o a d i n g
– o verl o ads mu st have dif f erent signatu res
– the anal o go u s o verl o ading ru l e mentio ned b ef o re mu st ho l d

• o v e r r i d i n g
– names o f  ty pe parameters can dif f er
– o verriding metho d mu st have the same co nstraints as the o verridden o ne
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G eneric s in IL
.class public 'AnotherGenericClass`2'<(object) S,(class IComparable) T>

{

.field private !T field; // type is specified by T type-parameter

.field private !0 field; // 0th type parameter

.method public !!0 F<(object) T>(!!T a) { … }

}

• t y p e  p a r a m e t e r s ( T P s)  sp e c i f i e d  i n  a n g l e  b r a c k e t s
– a  l i s t  o f  t y p e s  c o n s t r a i n i n g  t h e  p a r a m e t e r  s p e c i f i e d  i n  p a r e n t h e s e s
– t y p e  T P  r e f e r r e d  v i a  s i n g l e  e x c l a m a t i o n  m a r k  ( ! T ,  ! 0 ,  …)
– m e t h o d  T P  r e f e r r e d  v i a  d o u b l e  e x c l a m a t i o n  m a r k  ( ! ! T ,  ! ! 0 ,  …) 

• C #  m a n g l e s t y p e  n a m e s 
– s u f f i x e d  w i t h  a  b a c k  q u o t e  a n d  t h e  n u m b e r  o f  t y p e  a r g u m e n t s
– i s  n o t  n e c e s s a r y  i n  I L

• t w o  a d d i t i o n a l  m e t a d a t a  t a b l e s 
– G e n e r i c P a r a m ,  G e n e r i c P a r a m C o n s t r a i n t

I L
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C #  A nony mou s M eth od s
int[] a = new int[] { 1,2,3 };

Action<int> f = delegate(int item) { Console.WriteLine(item); }

Array.ForEach<int>(a,f);

• d e l e g a t e k e y w o r d  r e u se d
– c r e a t e s  a  n e w  a n o n y m o u s  m e t h o d  y e t  n o t  a  n e w  d e l e g a t e
– a  t r i c k

• the resu l ting ano ny mo u s metho d mu st b e assigned o nl y  into  a sto rage 
w hich static ty pe is a del egate matching the ano ny mo u s signatu re

• hence,  the del egate cl ass al w ay s ex ists

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

• a  r e t u r n  v a l u e  o f  a n  a n o n y m o u s m e t h o d
– s h o u l d  b e  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  d e l e g a t e ’s  o n e
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P seu d o-l oc a l  Va ria b l es
• a n o n y m o u s m e t h o d  d e c l a r a t i o n s h i e r a r c h y

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

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

• are said to  b e captured b y  the metho d w hich access them
• a variab l e is an o uter v ari ab l e o f  the ano ny mo u s metho d

• d i sp l a y  c l a sse s
– s t o r e s  v a r i a b l e s  a c c e s s i b l e  o n  m u l t i p l e  h i e r a r c h y  l e v e l s
– s t o r e s  a n o n y m o u s  m e t h o d s  a c c e s s i n g  t h e  v a r i a b l e s
– a n  i n s t a n c e  i s  c r e a t e d  i n  t h e  m e t h o d  d e c l a r i n g  t h e  v a r i a b l e s
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Impl ementa tion E x a mpl e
delegate void D();
class C
{
static void OuterMethod()
{
// pseudo-local variable outer with respect to the following anonymous method:
int i = 0;
D d = delegate { Console.WriteLine(i++); };
d();

}
}

delegate void D();
class C
{
private sealed __Display
{
public int i;
public void lambda_0 { Console.WriteLine(this.i++); }

}

static void OuterMethod()
{
__Display display = new __Display();
display.i = 0;
D d = new D(display, __Display.lambda_0);
d();

}
}

L a m b d a s
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C #  S y nta c tic  S u g a r
• d e l e g a t e s c a n  b e  c r e a t e d  i m p l i c i t l y

– c o n s t r u c t o r  c a n  b e  o m i t t e d
Array.ForEach<int>(a,new Action<int>(F));

Array.ForEach<int>(a,F);

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

Array.ForEach(a,F);
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E nu mera tion in C #  1.0
• I E n u m e r a b l e  

– e x p r e s s  t h e  a b i l i t y  o f  a n  o b j e c t  t o  b e  e n u m e r a t e d
– I E n u m e r a t o r  G e t E n u m e r a t o r ( )

• creates an enu merato r,  i.e. an instance o f  I E nu merab l e

• I E n u m e r a t o r  
– p r o v i d e s  m e a n s  f o r  e n u m e r a t i o n  o f  a  s p e c i f i e d  o b j e c t
– u s u a l l y  a n  i n n e r  c l a s s  o f  t h e  e n u m e r a t e d  o b j e c t ’s  c l a s s
– b o o l M o v e N e x t ( )

• mo ves an internal  “po inter” to  the nex t item o f  the enu meratio n
• retu rns tru e if  the enu meratio n has no t f inished,  f al se o therw ise

– o b j e c t  C u r r e n t ( )
• retu rns the cu rrent item o f  the enu meratio n

– v o i d  R e s e t ( )
• resets the enu meratio n,  inval idates the internal  “po inter”

– i n i t i a l l y ,  t h e  i n t e r n a l  “p o i n t e r ” i s  i n v a l i d  
• has to  b e advanced b y  M o veN ex t b ef o re C u rrent is cal l ed
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C #  Itera tors
• m a k e s t h e  w r i t i n g  o f  e n u m e r a t o r s e a si e r  a n d  m o r e  t r a n sp a r e n t
• c o n v e r t e d  t o  C #  1 . 0  l i k e  e n u m e r a t i o n  b y  t h e  c o m p i l e r

– 4-s t a t e  a u t o m a t o n  i m p l e m e n t i n g  I E n u m e r a t o r < T >  i s  g e n e r a t e d

• i t e r a t o r  b l o c k
– a  b l o c k  c o n t a i n i n g  s o  c a l l e d  y i e l d s  s t a t e m e n t ( s )

• y iel d retu rn { ex pressio n}
– p r o d u c e s  t h e  n e x t  i t e m  o f  t h e  i t e r a t i o n

• y iel d b reak
– e n d s  u p  t h e  i t e r a t i o n

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

• retu rn ty pe sho u l d b e I E nu merab l e o r I E nu merato r ( +  generic versio ns)
• no  retu rn statements ( y iel d retu rn o nl y )
• impl icitl y  ends w ith y iel d b reak
• metho d signatu re canno t co ntain ref /o u t argu ments
• canno t b e u sed in try -catch b l o ck s no r in a f inal l y  b l o ck
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Itera tors E x a mpl e
public static IEnumerable<T> Greater<T>(IEnumerable<T> e, T threshold)

where T : IComparable<T>

{

foreach (T item in e)

if (item.CompareTo(threshold) > 0)

yield return item;

}    

int[] a = new int[] {1,2,3,4,5};

foreach (int i in Greater<int>(a,3))

Console.WriteLine(i);

I t era t o rs
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C #  N u l l a b l e Va l u e T y pes
• c o n s t r u c t e d  u s i n g  q u e s t i o n  m a r k  a f t e r  t h e  t y p e  ( T ? )

– e . g .  i n t ? ,  l o n g ? ,  …
– u se f u l  w h e n  w o r k i n g  w i t h  d a t a b a se s,  X M L  f i l e s,  …

• t r a n s l a t e d  b y  C #  t o  S y s t e m . N u l l a b l e < T >  t y p e
– c o n t a i n s t w o  f i e l d s

• T  v a l u e
• b o o l h a s V a l u e

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

• f o r  e v e r y  c o n v e r s i o n  f r o m  n o n -n u l l a b l e  S  t o  n o n -n u l l a b l e  T
• e x i s t s  i m p l i c i t  c o n v e r s i o n  f r o m  

– S ?  to  T ?  ( nu l l  to  nu l l ,  o riginal  no n-nu l l ab l e co nversio n o therw ise) 
– S  to  T ?  ( identity  +  hasV al u e set to  tru e)

• e x i s t s  e x p l i c i t  c o n v e r s i o n  f r o m
– S ?  to  T  ( identity  +  ex ceptio n thro w n if  ! S .hasV al u e)
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L if ted  C onversions a nd  O pera tors
• g o a l

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

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

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

int? x = …, y = …;

int? z = x + y;

int? u = x + 1;

i s  e q u i v a l e n t  t o
int? x = …, y = …;

int? z = x.HasValue && y.HasValue ? x.Value + y.Value : (int?)null;

int? u = x.HasValue ? x.Value + 1 : (int?)null;
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L if ted  C onversions a nd  O pera tors ( c ont.)
• c o m p a r i s o n  o p e r a t o r  h a s  a  l i f t e d  f o r m

– i f  o p e r a n d  t y p e s a r e  n o n -n u l l a b l e  a n d  r e t u r n  t y p e  i s b o o l e a n
– c o m p a r i so n  w i t h  n u l l  l e a d s t o  f a l se  e x c e p t  f o r  n u l l  = =  n u l l

• n u l l  c o a l e s c i n g  o p e r a t o r  ( a  ? ?  b )
– r e t u r n s b i f  a i s n u l l ,  o t h e r w i se  r e t u r n s a
– a … n u l l a b l e  o r  r e f e r e n c e  t y p e
– b … t y p e  c o n v e r t i b l e  t o  t h e  t y p e  o f  a
– r e su l t  … i s o f  b’s t y p e  ( n u l l a b l e ,  n o n -n u l l a b l e ,  o r  r e f e r e n c e )

int? a = …, b = …;

string s = …;

int? c = a ?? b;

int d = a ?? -1;

string t = s ?? "empty";
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C #  N a mespa c e H iera rc h ies
• g l o b a l  n a m e sp a c e  h i e r a r c h y

– t y p e s  a r e  i m p l i c i t l y  p l a c e d  h e r e
• n a m e sp a c e  a l i a s q u a l i f i e r  ( : : )

– r e f e r s  t o  a  p a r t i c u l a r  h i e r a r c h y  o r  n a m e s p a c e  a l i a s
– g l o b a l  h i e r a r c h y  q u a l i f i e r

global::System.IO.Stream

– a l i a s  q u a l i f i e r
using SIO = System.IO;

… SIO::Stream …

• a d d i t i o n a l  h i e r a r c h i e s i n t r o d u c e d  b y  e x t e r n  a l i a se s
– enab l es to  ref erence ty pes w ith the same f u l l y  q u al if ied name sto red in 

dif f erent assemb l ies
extern alias X;

extern alias Y;

… X::N.T …

… Y::N.T …

– al iases b o u nd to  particu l ar assemb l ies o n C S C  co mmand l ine ( o r in V S .N E T )
csc /r:X=assembly1.dll /r:Y=assembly2.dll
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C #  P a rtia l  T y pes
• t y p e  d e c l a r a t i o n s c a n  b e  st o r e d  i n  m u l t i p l e  f i l e s

– r e c a l l ,  I L  a s s e m b l e r  a l r e a d y  h a s  t h i s  f e a t u r e

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

• a  n e w  C #  t y p e  m o d i f i e r  p a r t i a l
public partial A { private int i; } 

public partial A { public void F() { Console.WriteLine(this.i); } }

i s  e q u i v a l e n t  t o :

public A

{

private int i;

public void F() { Console.WriteLine(this.i); }

}
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O th er C #  F ea tu res
• a c c e sso r  m o d i f i e r s f o r  p r o p e r t y  g e t t e r s a n d  se t t e r s

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

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

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

• p r a g m a s
#pragma warning disable {a list of warning numbers}

#pragma warning restore {a list of warning numbers}


