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Event-d r i ven P r o g r a m m i ng
• C o n v e n t i o n a l  C o n s o l e  A p p l i c a t i o n  M o d e l
• E v e n t
– S i g n a l  a  p r o g r a m  r e c e i v e s  f r o m  t h e  o p e r a t i n g  
s y s t e m  a s  a  r e s u l t  o f  s o m e  ( u s e r )  a c t i o n

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

OS
Class

Library

Your 
Application

methods

Event sources
like mouse,
key

Other Event 
sources
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void someHandler(int info)
{

…
}

Event H a nd l i ng

Component

SomeClient

void myHandler(int info)
{

…
}

Defines prototype for 
handler method

Delegates
List

Delegate

SomeClient

Register for 
notification
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D el eg a te
• E v e n t  h a n d l e r s  t r a d i t i o n a l l y  w e r e  g l o b a l  
o r  s t a t i c  f u n c t i o n s

• I n  . N E T ,  d e l e g a t e s  a l l o w  a  l o t  m o r e
• D e l e g a t e s  a r e  d a t a  s t r u c t u r e s  ( o b j e c t s )  
t h a t  h o l d
– e i t h e r  a  p o i n t e r  t o  g l o b a l  o r  s t a t i c  f u n c t i o n
– o r  a  p o i n t e r  t o  a n  o b j e c t ’s  m e t h o d  a n d  t h e  
o b j e c t  i t s e l f

– a r e  o b j e c t -o r i e n t e d ,  t y p e  s a f e  a n d  s e c u r e
• A l l  D e l e g a t e s  d e r i v e  f r o m  t h e  D e l e g a t e  
c l a s s
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W r i ti ng  A  D el eg a te
• D e l e g a t e  c l a s s e s  a r e  w r i t t e n  w i t h  s p e c i a l  
s y n t a x

• C o m p i l e r  d o e s  s p e c i a l  p r o c e s s i n g  
– W r i t e s  a  c o n s t r u c t o r  a n d  I n v o k e  m e t h o d  
w h e n  c o m p i l e d

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

/ /  A d d s  t h e  d e l e g a t e
– m y D e l e g a t e -=  a n o t h e r D e l e g a t e ;

/ /  R e m o v e s  t h e  d e l e g a t e
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Events
• E v e n t s  a r e  i m p l e m e n t e d  u s i n g  t h e  D e l e g a t e s
• A c t  l i k e  t h e  c o n n e c t i o n  p o i n t  i n  C O M
• Y o u  f i r s t  d e c l a r e  a  d e l e g a t e ,  o n l y  i f  a  s u i t a b l e  
o n e  i s  n o t  a v a i l a b l e
– m u s t  t a k e  t w o  a r g u m e n t s :  ����� ���S	 ���
	
������
 �����1�
	����=� � �
– . N E T  h a s  p r e d e f i n e d  d e l e g a t e  E v e n t H a n d l e r

• A n y  n u m b e r  o f  e v e n t s  c a n  u s e  t h e  s a m e  
D e l e g a t e  d e f i n i t i o n

• U s e  e v e n t  k e y w o r d  t o  d e c l a r e  e v e n t  i n  a  c l a s s
• e v e n t s  a p p e a r  l i k e  f i e l d s  w i t h i n  a  c l a s s

– b i g  d i f f e r e n c e :  f i e l d s  c a n ’t  a p p e a r  i n  i n t e r f a c e ,  
e v e n t s  c a n
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U s i ng  Events
publ i c  c l ass St ockQuot e {

publ i c  event  Event Handl er hi ghPr i ceEvent ;
publ i c  event  Event Handl er l owPr i ceEvent ;
pr i vat e voi d newHi ghReached( doubl e amount )  {

i f  ( hi ghPr i ceEvent ! = nul l )
hi ghPr i ceEvent ( t hi s,

new Pr i ceDat a( amount ) ) ;
}

} Derives from EventArgs

publ i c  st at i c  voi d hi ghRepor t ( Obj ect sour ce,  Event Ar gs e) { …}
…
St ockQuot e st kQuot e = new St ockQuot e( ) ;

st kQuot e. hi ghPr i ceEvent += new 
Event Handl er ( User . hi ghRepor t ) ;
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W h at ’s  d if f e r e nc e ?
• A t  f i r s t  s i g h t  e v e n t s  a r e  n o t h i n g  b u t  
d e l e g a t e

• We use a special keyword event
– s o  s t u d i o  c a n  r e c o g n i z e d  i t  a s  s p e c i a l  
m e m b e r ?

• A ctually th ere’s 
m ore to it!

• T h e secret is in I L
• T ake a closer look at deleg ates and 
events in I L
– S p e c i a l  s y n c h r o n i z i n g  m e t h o d s  a d d e d  f o r  e v e n t s

Taming .NET Multithreading-14
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Support for Multithreading

• C # ’s supports m ultith reading  th roug h  
S ystem . T h reading  nam espace

• A t th e core is th e T h read class
– u n l i k e  J a v a ,  y o u  c a n ’t  d e r i v e  f r o m  t h i s ,  i t  i s  
s e a l e d

• T h read works with  a deleg ate called 
T h readS tart

• F or creating  a th read,  create an ob j ect 
of  T h read,  reg ister a deleg ate with  it 
and start

Taming .NET Multithreading-16

T hread C las s
publ i c  seal ed c l ass Thr ead {

publ i c  st at i c  Thr ead Cur r ent Thr ead {  get ;  }

…

publ i c  st at i c  voi d Sl eep( i nt mi l l i Seconds) ;

publ i c  Apar t ment St at e Apar t ment St at e {  get ;  set ;  }

publ i c  st r i ng Name {  get ;  set ;  }

publ i c  Thr eadSt at e Thr eadSt at e {  get ;  }

publ i c  voi d Abor t ( ) ;

publ i c  voi d St ar t ( ) ;

publ i c  voi d Joi n( …) ;

publ i c  voi d Suspend( ) ;

publ i c  voi d Resume( ) ;

}

Manages a thread of execution
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public class Dog {
private void keepWagging() { while(true) {…} }
public void startToWag() {

waggingThread = 
new Thread(new ThreadStart(keepWagging));

waggingThread.Start(); 
}

public void stopWagging() {… waggingThread.Abort(); }
}

}

Thread Class & Thread of Execution

:Thread

start

:Dog

wag
walk

thread t2

thread t1
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Starting L im itations
• O n a th read ob j ect,  start m ay b e called 
only once

• Wh at if  I  call start m ore th an once?

• you g et �����������	
����
��

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

Taming .NET Multithreading-20

public class MainForm : System.Windows.Forms.Form {…
private int count = 0;
private bool keepCounting = false;
private void start(){

keepCounting = true;
while(keepCounting) {

count++;
TBSeconds.Text = "" + count;
Thread.Sleep(1000);

}
}
private void stop() { keepCounting = false; }
private void StartButton_Click(

object sender, EventArgs e) {…
new Thread(new ThreadStart(start)).start();

}
}

Multithreaded S to p W atc h
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O b tain in g  T hread I n f o rm atio n
• S o m e t i m e s  i t  i s  n e c e s s a r y  t o  f i n d  d e t a i l s  
o f  T h r e a d  e x e c u t i n g  s o m e  m e t h o d

• T h r e a d . C u r r e n t T h r e a d
– r e t u r n s  t r u e  i d e n t i t y  o f  T h r e a d  o b j e c t  t h a t  
r e p r e s e n t s  c u r r e n t  t h r e a d  o f  e x e c u t i o n

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

Taming .NET Multithreading-22

Obtaining Thread ID
• O d d l y ,  t h e r e  i s  n o  w a y  t o  g e t  t h e  
T h r e a d ’s  I D  f r o m  a  t h r e a d  o b j e c t

• Y o u  c a n  h o w e v e r ,  g e t  i t  f r o m  t h e  
A p p D o m a i n c l a s s !

• A p p D o m a i n . G e t C u r r e n t T h r e a d I D ( )
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Tam ing . N E T M u l tithreaing
���������
	���
��
���������
������� ����
�	����
���������
	��
���������
	������
������� �
��
�	����
�"!$#�%�%
&�'(	*)(&+'-,.#�� 	/� 	/0�'1��
2�3�4�
�
�"!+	5
�'(	6�����7�4�489� 	5
�	:� &��
�
��;$<+=�>�?*@6ACB$D3E7FHG�@/I3<+E$J
�LK�0�'1��
2�NM/�O	5��'P'5#�%Q	R
����TS-UO&�'(	
��V�
2WOXY��'1&�#����Z
��
�[
�UO&�'(	
��V���0�

�+� &�'�&2)\�O]�� 	
�"^_&��O	5���O	6� &��
��`a&2W
X����
�
�"M/8Z%�'1&�%
��'-� &2WQX����
�
�LK�0�'1��
2�7bQ&2&���UO��0


�+� &�'
������� ����
�	��NV����3���2M/�Q��&+XY�
��`a&2�c	d�Q]�WH��%O	/� &����
�feg����hH&�'P8i^_&��
	/'1&�� �jK$0�'k��
��N!3
�)(�
	kl
�"^_&��
WO�4#��Q� &��

Taming .NET Multithreading-24

Is B ac k gro u nd
• B a c k g r o u n d  t h r e a d  r u n s  o n l y  i f  t h e r e  i s  a  
n o n -b a c k g r o u n d  t h r e a d  r u n n i n g

• B y  d e f a u l t  t h r e a d  i s  n o t  b a c k g r o u n d

• A s k  y o u r s e l f  i f  y o u r  t h r e a d  k e e p s  C L R  
r u n n i n g  o r  d o e s  i t  q u i t ?
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Q u iz  Tim e
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Tam ing . N E T M u l tithreaing
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Thread Interru p t and A bo rt
• I m p o r t a n t  t o  u n d e r s t a n d  t h e s e  w e l l

• I n t e r r u p t  w i l l
– t h r o w  T h r e a d I n t e r r u p t e d E x c e p t i o n
–Only i s  t h r e a d  i s  b l o c k e d  o n  a  Sleep, Wait, Join

��� �����	��
�� 
��������	��������������������� ������� 
"!�#$�&%(')�	*

• A b o r t  w i l l
– t h r o w  T h r e a d A b o r t E x c e p t i o n
– T h i s  e x c e p t i o n  p r o p a g a t e s  a u t o m a t i c a l l y  a f t e r  
a  c a t c h
•We c ou ld  s ay  th r ead  is  ter m inated  u pon A b or t

+�,.-�/ ���$�0�1
2% - #3#�� �540�	
6���87�!	�0�9�
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B ac k gr o u nd  and  A b o r t
• A c c o r d i n g  t o  d o c u m e n t a t i o n  w h e n  
p r o c e s s  e x i t s  b a c k g r o u n d  t h r e a d s  a r e  
a b o r t e d

• N o t  i n  t h e  s e n s e  o f  T h r e a d  A b o r t  h o w e v e r

• T h e y  a r e  t e r m i n a t e d  – n o  o p p o r t u n i t y  t o  
c l e a n  u p  – t o u g h  l u c k
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K no w  y o u r  Ex it
• E x i t  s i m p l y  t e r m i n a t e s  t h e  p r o c e s s ,  t h e  
C L R

• N o  o p p o r t u n i t y  t o  c l e a n  u p

• A n y  t h r e a d  t h a t  h a s  s e c u r i t y  p e r m i s s i o n  
t o  c a l l  E x i t  c a n  t e r m i n a t e  t h e  p r o c e s s
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Multithreading and Contention
• S e v e r a l  t h r e a d s  u p d a t i n g  s a m e  d a t a  
s i m u l t a n e o u s l y ?public void increment() {

int val = count;
Thread.Sleep(5000);
count = val + 1;
counterTB.Text = "" + count;

}
public void decrement() {

int val = count;
Thread.Sleep(5000);
count = val - 1;
counterTB.Text = "" + count;

}
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T hread S y nc hroniz ation
• C #  p r o v i d e s  m u t u a l  e x c l u s i o n  t h r o u g h  lock
• A t  m o s t  o n e  t h r e a d  m a y  b e  i n  a  c r i t i c a l  s e c t i o n
• C L R  locks t h e  o b j e c t  w h e n  a  t h r e a d  i s  
e x e c u t i n g  a n y  c r i t i c a l  s e c t i o n  b l o c k  o f  c o d e  
locking that object

public void increment() {
lock(this) {

int val = count;
Thread.Sleep(5000);
count = val + 1;
counterTB.Text = "" + count;

}
}

public void decrement() {

lock(this) {
int val = count;
Thread.Sleep(5000);
count = val - 1;
counterTB.Text = "" + count;

}
}

Blocks until
obtaining lock on object

Releases lock automatically
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Synchronization and Threads

O1

f1 (lock) f2 (lock) f3

O2

f1 (lock) f2 (lock) f3

t1 t2 t3 t4 t5 t6

Two objects of same class, f3 has no critical section

t1 calls f1, f2 on O1 and f1 on O2; similarly t4…
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Taming .NET M u l t it h r e aing
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C ontention f or C l ass ( s ta ti c)
v ariab l es• B a c t e r i a  E x a m p l e

Keeps tract of number of Bacterial objects

• I f  a l l  th a t y ou  w a n t to d o i s  i n cr em en t or  
d ecr em en t a  v a l u e,  y ou  m a y  a l s o u s e th e 
I n ter l ock ed I n cr em en t or  
I n ter l ock ed D ecr em en t

public Bacteria() 
{

lock(typeof(Bacteria)) {
bacteriaCount++;

}
}

This is too sweeping.
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C l oser l ook  at lock
• l ock  i s  a ctu a l l y  to s h or t f or m / w r a p p er
• l ock ( obj)  { … cod e … } i s  eq u i v a l en t to
S y s tem . T h r ea d i n g . M on i tor . E n ter ( obj) ;
tr y
{

… cod e …
}
f i n a l l y
{

S y s tem . T h r ea d i n g . M on i tor . E x i t( obj) ;
}
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The M onitor• T h i s  i s  th e cen tr a l  cl a s s  th a t p r ov i d es  
s y n ch r on i z a ti on  i n  . N E T

• I t obta i n s  or  r el ea s es  l ock  on  a n y  g i v en  object
• B l ock s  th r ea d s  r eq u es ti n g  l ock  u n ti l  th ey  g a i n  
ex cl u s i v e a cces s  – p r ov i d i n g  m u tu a l  ex cl u s i on

public class Monitor {

public static void Enter(Object obj);

public static void Exit(Object obj);

public static bool TryEnter(Object obj);  …

public static bool Wait(Object obj); …

public static void Pulse(Object obj);

public static void PulseAll(Object obj);

}
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Thread Pool
• S h o u l d  y o u  u s e  a  t h r e a d  f r o m  t h r e a d  p o o l  o r  
c r e a t e  a  t h r e a d  y o u r s e l f ?

• U s i n g  t h r e a d  p o o l  i s  s o  m u c h  e a s i e r ,  i s n ’t  i t ?

• G i v e s  b e t t e r  p e r f o r m a n c e  a s  w e l l

• B u t ,
– a t  m o s t  2 5  t h r e a d s  p e r  p r o c e s s  p e r  p r o c e s s o r  b y  
d e f a u l t

– Y o u  m a y  h o l d u p  s t a r t  o f  s o m e  t a s k s  – u s e  c a u t i o n
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Tam i n g  . N E T M u lt i t hreai n g
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D eleg at e B eg i n I n v ok e
• C a l l i n g  m e t h o d s  w h i c h  t a k e  p a r a m e t e r  i n  
a n o t h e r  t h r e a d  i s  h a r d

• B u t ,  l o o k  h o w  e a s y  i t  i s  t o  s t a r t  a  m e t h o d  
u s i n g  t h e  D e l e g a t e  B e g i n I n v o k e m e t h o d

• U s e  c a u t i o n  i n  u n d e r s t a n d i n g  w h e r e  t h e  
t h r e a d  i s  e x e c u t i n g
– T h r e a d  P o o l  t h r e a d  o r  n o t



Taming .NET Multithreading-45

Tam i n g  . N E T M u lt i t hreai n g
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Thread Pool E x c ep t i on s
• W h a t  h a p p e n s  w h e n  a n  e x c e p t i o n  i s  
t h r o w n  f r o m  a  t h r e a d  i n  t h r e a d  p o o l ?

• . N E T  F r a m e w o r k  q u i e t l y  s u p p r e s s e s  i t !

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

• A l s o  w h e n  y o u  u s e  D e l e g a t e . B e g i n I n v o k e
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W i n F orm C on t rols
• M o s t  o f  t h e  m e t h o d s  o n  W i n F o r m
c o n t r o l s  a r e  n o t  t h r e a d  s a f e
– T h i s  i s  a c t u a l l y  b e t t e r  f o r  p e r f o r m a n c e
– B u t  t h a t ’s  a l s o  l i k e  h a v i n g  u n -g a t e d  r a i l  r o a d  
c r o s s i n g s

• A s k  I n v o k e R e q u i r e d a n d  j u m p  t h r e a d s  
b e f o r e  a c c e s s i n g  t h e  c o n t r o l
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Q u i z  Ti m e
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Tam i n g  . N E T M u lt i t hreai n g
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C on c lu s i on
• S t a r t i n g  t h r e a d  i s  e a s y
• G e t t i n g  i t  r i g h t  i s  h a r d

• A  n u m b e r  o f  e x c e l l e n t  f a c i l i t i e s  p r o v i d e d  
i n  . N E T

• A  f e w  G o t c h a s  a s  w e l l

• O n l y  o n e  w a y  t o  m a s t e r  M u l t i t h r e a d i n g …
u n d e r s t a n d  i t  w e l l
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Thanks!
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