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Process vs Thread
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UNIX PROCESS THREADS WITHIN A UNIX PROCESS
https://computing.linl.gov/tutorials/pthreads/

Single vs Multithreaded Process

Threads are light-weight processes within a process
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https://www.cs.uic.edu/~jbell/CourseNotes/OperatingSystems/4_Threads.html




Why Thread?

Threaded Application
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Java Thread

Java Thread
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Java Application - JVM & Thread
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Java Application - JVM & Thread
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Thread Class Method
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» Thread()

m Thread(Runnable target)

m Thread(String name)
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Thread Class Method
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Extends Thread
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class TimerThread extends Thread {
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_/" public void run() {
. run0 mac ewatoly — | // thread body of execution

}
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catch(InterruptedException e){return;}
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} public class TestThread
public static void main(String [] args) {

A E AR TimerThread th = new TimerThread();
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import java.awt.*;
import javax.swing.*;
class TimerThread extends Thread {
JLabel timerlLabel;
public TimerThread(JLabel timerLabel) {
this.timerLabel = timerLabel;
}
public void run() {
int n=0;
while(true) {
timerLabel.setText(Integer.toString(n));
n++;
try {
Thread.sleep(1000);
}
catch(InterruptedException e) {
return;

public class ThreadTimerEx extends JFrame {
public ThreadTimerEx() {
setTitle("ThreadTimerEx Of| H|");
setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
Container ¢ = getContentPane();
c.setLayout(new FlowLayout());
JLabel timerLabel = new JLabel();
timerLabel.setFont(new Font("Gothic", Font.ITALIC,
80));
TimerThread th = new TimerThread(timerLabel);
c.add(timerLabel);
setSize(300,150);
setVisible(true);
th.start();
}
public static void main(String[] args) {
new ThreadTimerEx();
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Implements Runnable
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public void run() {
A C 3[3cCc XM /| // thread body of execution
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class TimerRunnable implements Runnable {
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Runnable 2ei&2 .| class TimerRunnable implements Runnable {
! |nt n=0;

N - while(true) { / P EES L3I}

120] 3 HM n S i System.out.printin(n);
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i catch(InterruptedException e) { return; }
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y } public class TestRunnable { :
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—————Thread th = new Thread(new TimerRunnable());
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import java.awt.*;

import javax.swing.*; public class RunnableTimerEx extends JFrame {
class TimerRunnable implements Runnable { public RunnableTimerEx() {
JLabel timerLabel; setTitle("RunnableTimerEx Gl &|");
public TimerRunnable(JLabel timerLabel) { setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
this.timerLabel = timerLabel; Container ¢ = getContentPane();
} c.setLayout(new FlowLayout());
public void run() { JLabel timerLabel = new JLabel();
int n=0; timerLabel.setFont(new Font("Gothic", Font.ITALIC, 80));
while(true) { TimerRunnable runnable = new
timerLabel.setText(Integer.toString(n)); | TimerRunnable(timerLabel);
n++; Thread th = new Thread(runnable);
try { c.add(timerLabel);
Thread.sleep(1000); setSize(300,150);
} setVisible(true);
catch(InterruptedException e) { th.start();
return; }
} public static void main(String[] args) {
} new RunnableTimerEx();
} }
} }
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Thread State
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Thread State and Life-Cycle

Thread Priority
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o 28 =2 M &=2(Priority)
= Z|CHZE = 10(MAX_PRIORITY)
» X|AZE = 1(MIN_PRIORITY)
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Thread Scheduling
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public class ThreadMainEx {
public static void main(String [] args) {
MyThread my1 = new MyThread(); // MyThread extends Thread
MyThread my2 = new MyThread();
MyThread my3 = new MyThread();
my1.setPriority(Thread.MIN_PRIORITY);  //my1.setPriority(1);

my?2.setPriority(Thread.NORM_PRIORITY); // my1.setPriority(5);
my3.setPriority(Thread. MAX_PRIORITY);  // my1.setPriority(10);

o main 2 E2F main() HIAE
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main() HAEJt ZE5IH main 22 E &
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public class ThreadMainEx {
public static void main(String [] args) {
long id = Thread.currentThread().getld();
String name = Thread.currentThread().getName();
int priority = Thread.currentThread().getPriority();
Thread.State s = Thread.currentThread().getState();

System.out.printin("® X A= 0| =" + name);
System.out.printin("&x AZE ID =" + id);
System.out.printin("& M A E M= g =" + priority);
System.out.printin("& X A E MEf =" + )
} X} 22| E O|F = main
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public static void main(String [] args) { c"?rs; :iT%'fThread extends Thread {

TimerThlfead th = new TimerThread(); public void run() {
th.§tart(), - while(true) {
th.interrupt(); // Z2H & System.out.printin(n); // 220 7}2E 2t £
} n++;
try {

. 2+ return SHX| 2o
: sleep(1000); e oA
catch(InterruptedException e){

return; // 0|22 W AAZ B|EISIH E2

! }
main() 22| = } TimerThread 22| E
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thinterrupt() e
5 " InterruptedException 2ty main 2 2[=9] interrupt)
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import java.awt.*; public class ThreadInterruptEx extends JFrame {
import java.awt.event.; ThLel?dT‘p; dinterruptEx) |
import javax.swing.*; public | hreadinterruptex .
E . setTitle(" hreadInterruptEx Ol ®");

class TimerRunnable |mplements Runnable setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
{ . Container ¢ = getContentPane();

JLabel timerLabel; c.setLayout(new FlowLayout();

public TimerRunnable(JLabel timerLabel) { JLabel timerLabel = new JLabel();

this.timerLabel = timerlLabel: timerLabel.setFont(new Font("Gothic", Font.ITALIC, 80));

TimerRunnable runnable = new TimerRunnable(timerLabel);
th = new Thread(runnable); // 22| E Mg

qulic void run() { c.add(timerLabel);
int n=0; //HES M Action 2121 52
while(true) { JButton btn =new JButton("kill Timer");
timerLabel.setText(Integer.toString(n)); btn.addActionListener(new ActionListener() {
n++: public void actionPerformed(ActionEvent e) {
try {’ th.interrupt(); // EIOIH AYE ZX| B8
JButton btn = (JButton)e.getSource();
. =
Thread.sleep(1000); // 125 sleep btn.setEnabled(false); // H{E H|&tA3}
catch(InterruptedException e) { »;
return; // GIQIZMA| ABE S& cadd(btn);
setSize(300,150);
_ - setVisible(true);
] [ thstart(; // 28| E SEAIZY

}
public static void main(String[] args) {
= new ThreadInterruptEx();
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flagE 0| 2%t T & Thread Synchronization

class TimerThread extends Thread {

o AYE A7} AYE int n = 0 o HE[AYE Z2 O3 YA FoF
B2l flagE true= bool flag = false; // false2 2712} = Chol 2 E7H SR HOIE0] SAI0) H2ots B2
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AA2 ZROE ot printin(n): // S o 23 E 7|3 (Thread Synchronization)
HkA] ’ » HE|AYEO ZR HOIEO SA M 2 siZAM
public static void main(String [] args) { tr};l{eep(1000)' S0 HOIHE HIddte BE A EL o & M7
TimerThread th = new TimerThread(); if(flag == true) ot AP E7H S7 CIO|HO| Ciet 22 £ WM7tX| CHE A2 =7t
th.start(; return; // 28 E & CH7| st=& =

th.finish(); // TimerThread ZH S=& }
} catch(InterruptedException e){
return;

} TimerThread 22| E

main() —AEﬂE }
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T 2HEQ ZRIE A 2|2 FSots 8%

2B=B  AHte Z2 200[0f,
BiSIA Bo] 2o

e & g0 S AL
e 602 7| =31
23E A 28EB A E AT} ZRIE| AF2S TYOIR| 7|ChRIc Lzt e
&
> ‘Tt £ Z0[of,
fI love you H|SIA] BEo] ot 1 AHE A
Qrever FEe =gy 1 love yo 0
forever” |
/\ (XI\ ) e
e L\ N
= >
1<
I love AtHH= | love you
Z2 Z40|0f. forever.
you Hi 9| A
80| forever.
23 FEE N
2 & & ahdo| A0 2ol S0{2tM HHO|| A S0{7t &HA40]
TAEES =Fot= 82 AZ BU7|Z 7|cte|®
T AT SO Z2AEO M HR s A =0 Z20| BY WK AT A7t 2RH HAF K3
=4 T 7|stoan Har =3




synchronized 8 X|d

o synchronized 7| &
w St AYET EHFOoZ MWH|OF st RE(S7|% ZE)S
HAISH= 7| E - YA HY (critical section) E7| 7|/ E
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o synchronized 250| 4 &
o B Aot AP EJFRLEH &7

SUE ST 2HE SHHOR A 4 A N3
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CH 7| void execute() {
// 8 AES

synchronized void add() { synchronized(this) {

int n = getCurrentSum(); int n = getCurrentSum();

n+=10; n+=10;

setCurrentSum(n); setCurrentSum(n);
) }
synchronized HAE // Bt R2ES

}

synchronized AFE O : & A&

public class SynchronizedEx {
public static void main(String [] args) {

| Hl o} - :
SyncObject obj = new SyncObject(); ° xl:i 7:” J'nil' : class SynCOb_]eCt
Thread th1 = new WorkerThread("kitae", obj); . 7_||- g||-)\OH : class WorkerThread

Thread th2 = new WorkerThread("hyosoo", obj);
th1.start();

kitae : 10
) th2.start(); hyosoo : 20
) kitae : 30
class SyncObject { hyosoo : 40
int sum = 0; kitae : 50
synchronized void add() { hyosoo : 60
int n = sum; kitae : 70
Thread.yield(); // S H&std A= 22 =7} CHE 22 E0H SE hyosoo : 80
n+=10 hyosoo : 90
sum = R hyosoo : 100
System.out.printin(Thread.currentThread().getName() + " : " + sum); hyosoo : 110
? . hyosoo : 120
) int getSum() {return sum;} hyosoo : 130
class WorkerThread extends Thread { hyosoo : 140
SyncObject sObj; k!tae 1150
WorkerThread(String name, SyncObject sObj) { kitae : 160
super(name); kitae : 170
this.sObj = sObj; kitae : 180
} kitae : 190
public void run() { kitae : 200
int i=0;
while(i<10) {
sObj.add0; kitae@t hyosoo?t Z+Zt 10H14 add()E
y SESACH S7(37F & O|FO{MAM
) %% =5 "= sumO| 2000] &

}

SyncObject0]| CHSt & A EL| SA| HZ 1M

sObj = new SyncObject();

v synchronized void add() {

int n = sum;
Thread.yield();
n += 10;
: sum = n; =
add() ci7| = System.out.printin(Thread.currntThread().
getName() + " : " + sum);
}
add() ¥ =
WorkerThread p WorkerThread
SyncObject sObj; Synclbject sObj;
public void run() { public void run() {
int 1=0; H int 1=0;
while(i<10) { while(i<10) {
sObj.add();- sObj.add();
i+ iy
} |
} }
thl ABE th? AE

HAEO|M synchronized AHE5}X| 4SS

o
A

public class SynchronizedEx {

public static void main(String [] args) {
SyncObject obj = new SyncObject();
Thread th1 = new WorkerThread("kitae", obj);
Thread th2 = new WorkerThread("hyosoo”, obj);
th1.start();
th2.start();

}

}
class SyncObject {
int sum = 0O;
void add() { // synchronized7} 212 4%
intn = sum;
Thread.yield(),
n+=10;
sum = n;
System.out.printin(Thread.currntThread().getName() + " : " + sum);

int getSum() {return sum;}

class WorkerThread extends Thread {
SyncObject sObj;
WorkerThread(String name, SyncObject sObj) {
super(name);
this.sObj = sObj;

}
public void run() {
int i=0;
while(i<10) {
sObj.add();
I1++;
}
}
}

kitae : 10

hyosoo : 20

kitae : 30 add) =
hyosoo : 30
kitae : 40
hyosoo : 50 =
kitae : 50 addo S8
kitae : 60 add) S5
hyosoo : 60
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kitae : 80
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kitae : 100 add) 55
hyosoo : 100
kitae : 110
hyosoo : 120
kitae : 130
hyosoo : 140
hyosoo : 150
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wait(), notify(), notifyAll()

u| 57|§f |
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= synchronized 5 L0 A2t AHE £[0{OF &

= wait()
CHE 2 E7 notify)E S2{F W7HX| 7|CHalC)
= notify()
WElt()F =50 f7|52 A2 EE M1 RUNNABLE #EfE

271 o[ &9 A ETt 7| FO0|2tE 2F ot AP ED
= notifyAll()
wait)S SESI0 7|52 2 E AHEE LD 25 RUNNABLE
SEj2 BHECEH
o wait(), notify(), notifyAll)= Objectl| HAE
» BE N7t 57|32 AX 7L 2 = UCH
» Thread K= 7|3t N2 AHEE = UCH

Thread A7f ObjectS.wait() S Thread A
2 ESH0] 23 7|5k, Thread

B7F Objects.notny(j= == or ol
ObjectSOll Ei7|8t1 A= Thread
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4 79| AYHETI BE Thread A ).-...

ObjectS.wait()S ZE3}0]
CH7|st, ThreadAe
ObjectS.notify)& ZESH0] 7|
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ObjectS.wait()E =& 50 Thread A
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ObJECtS notifyAll) & = &35H0

CH7IZEQl 4719 AHEE 25

NeL B2

Objects

@ =S A2
ML

. [ 1]
. wait() <. Thread B
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