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few implementation dependencies as possible.

Java < 8

High-level programming =

language —
Java

Java is a high-level, class-based, object-oriented
programming language that is designed to have as

Wikipedia
Designed by: James Gosling
First appeared: IMay 23, 1995; 27 years ago

Paradigm: Multi-paradigm: generic, object-oriented
(class-based), functional, imperative, reflective,
concurrent

= "It is widely acknowledged that concurrent programming is
difficult. Yet the imperative for concurrent programming is
becoming more urgent.” Eadward A. Lee, IEEE Computer 2006.

= “humans are quickly overwhelmed by concurrency and find it
much more difficult to reason about concurrent than sequential
code. Even careful people miss possible interleavings among even
simple collections of partially ordered operations.” Sutter and Larus,

ACM Quevue.
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= AnoTeAei TNV aQaIPETIKN
d1aTUNMWOoN EVOG OUVOAOU
npoBANHATOV

= O napaywyoc napayel ayada
Ta onoia anoBnkeuel HEXPI va
gival ETOINOC 0 KaTavaAwTng
va Ta KaTavaAwaoel.

= O kaTavaAwTng naipvel ayaba

ano Tnv anoBnkn kai Ta
KATAavaAwvel.
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Producer/Consumer - 15t Draft Implementation
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= A Thread is a thread of execution in a
program
= H VIM eniTpenel o< pia epapuoyn va
£XEI NOAAG vuaTa nou ekTeAoUVTal
napail\nAa
= H Java unootnpilel Ta vipaTa pe
= EI0IKEC KATAOKEUEG
= KAAOEIC TNG BaoiknC BIBAIOBNKNG
= interfaces Tnc Baoikng BIBAIOONKNC

Me v ekkivnon g VIM vrdpyet €va non-deamon thread mov kokei Tnv main
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java.lang
Class Thread

java.lang.Object
java.lang.Thread

All Implemented Interfaces:

Runnable

java.lang

Interface Runnable

jJava.util.concurrent

Interface Executor
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public class Thread
extends Object
implements Runnable

Anuioupyol
Constructor and Description
= public Thread() Thread()
v N ' Allocates a new Thread object.
= To ouoTnpa divel ovouarta Thread-1, Thread-2, ... hrend (Rumnable targes)
= public Thread(String threadName) iocates 2 pew Thresd ohject

Thread(Runnable target, String name)

= O npoypappaTioTng opilel To dvopa Tou Thread Allocates a new Thread object.

Thread(String name)
Allocates a new Thread object.

napdaslypa Thread(ThreadGroup group, Runnable targ

Allocates a new Thread object.

Th/‘ead p/hg = new Th/‘ead(new Stf/ng('p/ng/Q)/' Thread(ThreadGroup group, Runnable targ
Allocates a new Thread object so that it has t3
to by group.

Thread(ThreadGroup group, Runnable targ
Allocates a new Thread object so that it has tg
to by group,. and has the specified stack size.

Thread(ThreadGroup group, String name)
Allocates a new Thread object.
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= Fun - edit-time

npoadiopilel TO £PY0 TOU VAHATOC

Subclasses of Thread should override this method (Opiteral ané Tov npoypappatiots).
KaAeital and 1o ouoTnua oav anoTeAeopa Tne KANong Tng start

av kAnBei dueoa dev unooTtnpiletar multithreading

run()
If this thread was constructed using a separate Runnable run object, then that
Runnable object's run method is called; otherwise, this method does nothing and|

| Start = fun-t/me returns.
= 'EX€l WC anoTéAeopa TNV evepyonoinaon Tou VAHATOG
= H JVM kaAei Tnv p€BodO run Tou vAUATOG.
= QC anoTé\eopa 2 vAuaTa ival evepya TauToOXpovda:

= TO VAUa Nnou KaAei Tnv start, yia To onoio o £AeyXo¢ €NIOTPEPEI OTO OnuEio KARONC TNG start,
Kai

= TO VEO MOU dNMIoUPYNONKE, To onoio ekTeAEl TNV PEBODO run Tou

void start()

Causes this thread to begin execution; the Java Virtual Machine calls the run
method of this thread.
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MeBodotL k\aong Thread

start - dnuioupyei véo vipa eKTEAEONC, EVEPYONOIEN TNV run
interrupt - £xe1 oav anoTé\eopa Tn SIAKOMK) EVOG VIATOC EKTEAEONC,.
checkAccess() Determines if the currently running thread has permission to modify this thread.
interrupted — enioTppel true av To vnua eival o diakonr) aAIwG enioTpEPel false.

- avaoTEMel TNV AeiToupyia evog vAaTog ekTeAeong (Deprecated)

- (called by another thread) avapyilel Tnv ekTéAean Tou vipaTog (Deprecated)

- TeppaTiel TNV ekTENEON €vOG vAaTog. (Deprecated)

isAlive - enioTpegel true edv exel KAnBei n start yia &va OUYKEKPIPEVO VAUA Kal TO VApa dev Exel
TEPUATIOTEI.
join Waits for this thread to die.
static void yield()
Causes the currently executing thread object to temporarily pause and allow other threads to execute.
static currentThread enioTp<gel pia ava@opa oTo TPEXOV VA
setName, getName kai setPriority, getPriority
napeyouv NpooPacn oTo Gvopa Kal gtV NPOTEPAIOTNTA TOU VAKATOG
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Producer/Consumer with Active objects
Thread
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class Buffer { AnNaITnoeiq
int i=0;
= O napaywyoc dev npsnsl va BaCsl

void store(int i) { oTnNV anoBnkn npoiov av dev EXE
this.i = i; kaTavaAwBei To nponyoupevo
} (product overwrite).

int retrieve(){ = O katavaAwTng 0ev NpEnel va
return i; kaTavalwvel ayabd nou dev eival
3 dlaBéoipo (ayabo nou £xel non

3 KaTavaAwoei)
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class PingPongApp { class PingPong extends Thread {
. . ) . . String word; /I N€EN y1a ekTUTTWON
public static void main(String [] args) { int delay; /1 XpOVOC QVATIQUGNG

PingPong ping=new PingPong("PING",2);
g 9 g 9 o ) PingPong(String wordToPrint, int pauseTime)}{
word = wordToPrint;

delay = pauseTime;

PingPong pong = new PingPong("pong",4);

ping.start();

}
pong.start(); public void run() {
try {
for(int i=0;;i++){

for(int i=0;i<100;i++) System.out.print(word +"-" +i+"");

System.out.print(i + " "); sleep(delay);
}
}
catch (InterruptedException e){
} return; // TepuaTiopdg Tou thread
}
} }
}
© 2023 KAeavlng Opaumoulidng Concurrent Programming Awadaveia 15

public static void sleep(long millis)
throws InterruptedException

Causes the currently executing thread to sleep (temporarily cease execution) for the specified
number of milliseconds. The thread does not lose ownership of any monitors.
Parameters: millis
- the length of time to sleep in milliseconds.
Throws: InterruptedException

- if another thread has interrupted the current thread. The interrupted status of the current
thread is cleared when this exception is thrown.

© 2023 KAeavBng Opapmoulidng Concurrent Programming Awadaveia 16
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PING-0 pong-001234567891011121314151617 18
19 20 21 22 23 24 25 26 27 28 pong-1 PING-1 29 30 31 32 33
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
55 56 57 58 59 60 61 62 pong-2 PING-2 pong-3 63 PING-3
pong-4 PING-4 64 65 66 67 68 69 7071727374757677 78
79 80 81 82 pong-5PING-5 pong-6 83 84 85 86 87 88 89 90
91 92 93 94 95 PING-6 pong-796 97 98 99
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= Producer/Consumer
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= Kvkhog (ofqg Nfjuatog
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= Runnable Interface

= CounterTest Example
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= It is possible to assign a thread priority

= the Thread class contains three integer priority constants
=« [ 1] MIN_PRIORITY
= [ 5] NORM_PRIORITY
= [10] MAX_PRIORITY

= the default thread priority is NORM_PRIORITY

= when a thread is created, it takes the priority of the thread which
created it

= you can check a threads priority using getPriority()
= you can change a threads priority using setPriority()

© 2023 KAeavBng Opapmoulidng Concurrent Programming
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public class PriorityTest5 {

= o '|:.|.i.|'19.setPriority(6);
ping.setPriority(6); pong.setPriority(4);
ping.start(); ping.start();
pong.start();

public class PriorityTest2 {

public class PriorityTest6 {
public class PriorityTest3{ | ...
ping.setPriority(6);

ping.setPriority(4); pong.setPriority(4);
ping.start(); ping.start();
pong.start();
public class PriorityTest4 { for(int i=0;i<100;i++)
. System.out.print(i + "
ping.setPriority(7); )i
pong.setPriority(7); ]
ping.start(); ping.stop();
}//pong,stop();
© 2023 KAeavlng Opaumoulidng Concurrent Programming Awagaveia 21
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= execution of multiple threads in some order on a
single CPU system is called scheduling
= Thread Scheduling

= has to do with how individual threads receive CPU
attention,

= Thread synchronization
= has to do with how multiple threads work together.

Producer Consumer example

© 2023 KAeavlng Opaumoulidng Concurrent Programming Awadaveia 23

= At any given time,
= the highest priority thread is running.
= However, this is not guaranteed.

= The thread scheduler may choose to run a lower priority thread to
avoid starvation.

= use priority only to affect scheduling policy for efficiency
purposes.

= Do not rely on thread priority for algorithm correctness.

IIny": The Java™ Tutorial

© 2023 KAedvBng Opaptouidng Concurrent Programming Awadaveia 24
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Producer/Consumer

H «\don Thread

PingPongApp

Kvxhog Cmng NMuatog
= Thread Priorities/ Thread Scheduling

Runnable Interface

= CounterTest Example
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java.lang

Interface Runnable

= Avn K)\ClOT] nou avanap|0Ta TO VAMA Kag gival cmoyovoq a)\)\nq kAdong, n xpnomonomon TNG KAAONG
Thread sivai adUvatn kabwc n Java dev unoaTtnpilel NOAAANAr KAnpOvVopIKOTNTA.

= H dnuioupyia vApaTog eAEyxou Os TETOIEC NEPINTWOEIC YiVETAI YE Xprion Tou interface Runnable. AnAa
dnAwWvouEe TNV KAAon Wag va uhonolei To interface Runnable

public interface Runnable

= The Runnable interface should be implemented by any class whose instances are intended to be executed by a
thread.

= The class must define a method of no arguments called run.

= This interface is designed to provide a common protocol for objects that wish to execute code while they
are active. For example, Runnable is implemented by class Thread.

= Being active simply means that a thread has been started and has not yet been stopped.
= In addition, Runnable provides the means for a class to be active while not subclassing Thread.

= In most cases, the Runnable interface should be used if you are only planning to override the run() method and no other
Thread methods.

= This is important because classes should not be subclassed unless the programmer intends on modifying or enhancing
the fundamental behavior of the class.

= Aclass that implements Runnable can run without subclassing Thread by instantiating a Thread instance and passing itself in
as the target.

© 2023 KAedvBng Opaptouidng Concurrent Programming Awadaveia 26
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public class CountUp implements Runnable {
public void run() {
for(int i=0;i<10;1++)
System_out.printin(“CountUp —* + i );

}
}

CountUp cu = new CountUp( );
Thread t = new Thread(cu);
t.start();

© 2023 KAeavlng Opaumoulidng Concurrent Programming Awagaveia 27

public class CounterThread extends Thread {
public void run() {
for(int i=0;i<10;i++)
System.out.printin(“CountUp —“ + i );
}
}

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

cu.start(); Thread t = new Thread(cu);
} t.start();
}
© 2023 KAeavBng Opapmoulidng Concurrent Programming Awdaveia 28
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Producer/Consumer

H «\don Thread

PingPongApp

Kvxhog Cmng NMuatog
= Thread Priorities/ Thread Scheduling

Runnable Interface

= CounterTest Example
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public class CounterTest {
private static Counter mc;
private static CounterUser cul, cuZ;
private static Thread[] myThread = new Thread[2];

public static wvoid main(String[] args) {
// Auto-generated method stub
mc = new Counter (0);
cul = new CounterUser (mc) ;
cuZ = new CounterUser (mc) ;
System.out.println("Counter = " + mc.value ()
myThread[0] = new Thread (cul):;
myThread[l] = new Thread (cuZ2);
myThread[0] .start () ;
myThread[l] .start ();
System.out.println ("Counter = " + mc.value ()

© 2023 KAeavBng Opapmoulidng Concurrent Programming

) :

) ;
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public class CounterUser implements Runnable{
private Counter counter;
public class Counter | public CounterUser (Counter c){
private int c; | : counter=c;
public Counter (int wval) {
c= val; @0verride
} public wvoid run() {
public void increment () { 'y Auto-generated method stub
ott s for(int i=0;i<10;i++){
} ! counter.increment () ;
try {
public wvoid decrement () { Thread.sleep(2); )
o } eatch (InterruptedException e) {
1 ! Ve Auto-generated catch block
e.printStackTrace () ;
public int wvalue () { } !
return c;
1 //8ystem.out.println(Thread.currentThread() .
}
}
© 2023 KAeavlng Opaumoulidng Concurrent Programming Awagaveia 31

= user threads, daemon threads
= by default, threads are user threads

= Ta daemon threads napéxouv YEVIKEG UNNPECIECG kal TUMIKA OEV TEAEIWVOUV
noTe

= TEPUATIONOG EPAPHOYNG
= the presence of a user thread keeps the application running

= when the last user thread is finished, any daemon threads are stopped and
the application is done

= related methods
= setDaemon(true)
= getDaemon()

© 2023 KAeavBng Opapmoulidng Concurrent Programming Awdaveia 32
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£ Java Calculator - ASKH3H ... E|§|@

- a
public class cale { e

public static Operand op=new Operand();
public static Operator add=new Adder();
public static Operator sub=new Subtracter();
public static Operator mul=new Multiplier();

public static Operator div=new Divider();
public static Operator eg=new Equals();
public static Stack<Float> stk=new Stack<Float>();

public static void main(String[] args) {
new CalculatorGui(op);
}

= JVM initially starts up with a single non-daemon thread, which typically calls the main method of
some class.
= if an application doesn't start any threads itself, the JVM will exit as soon as main terminates.
= Why Calc doesn’t terminate?
= AWT encapsulates asynchronous event dispatch machinery to process events AWT or Swing components can fire.
= The exact behavior of this machinery is implementation-dependent.

= In particular, it can start non-daemon helper threads for its internal purposes. In fact, these are the threads that
prevent Calc from exiting.

© 2023 KAeavlng Opaumoulidng Concurrent Programming Awadaveia 33

= Each thread is associated with an instance of the class
Thread.

= Two basic strategies for using Thread objects to create a
concurrent application.

= To directly control thread creation and management, simply
instantiate Thread each time the application needs to initiate an
asynchronous task.

= To abstract thread management from the rest of your application,
pass the application's tasks to an executor.

Executors are considered high-level concurrency objects.

© 2023 KAedvBng Opaptouidng Concurrent Programming Awdaveia 34
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public interface Executor

An object that executes submitted Runnable tasks. This interface provides a way of
decoupling task submission from the mechanics of how each task will be run, including
details of thread use. scheduling, etc. An Executor is normally used instead of explicitly
creating threads. For example, rather than invoking new
Thread({new{RunnableTask())).start() for each of a set of tasks, you might use:

Executor executor = anExecutor;

executor.execute(new RunnableTaskl());

executor.execute(new RunnableTask2());

© 2023 KAeavlng Opaumoulidng Concurrent Programming Awagaveia 35

Arbiter (AiaITnTACG)
HNXaviIoHOg oc Xaunho eninedo (UAIkO) nou diac@alilel Tov
apoiBaio anokAEICHO KaTA TNV NPOCNEAACN HIAG HEPOVWHEVNG
AEENG TNG HVAKNG.

/\ n=n-+1

Pl P2 Load n
Add 1
n=n+1; Store n

n=n-+1;

= H P akoAouBei pia onoladnnoTe ano TiG akoAoubBieg EKTEAEONC MOU NPOKUNTOUV
ano Tnv dlanAokn Twv akoAouBiwv ekTeAeong Twv P1 kai P2
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