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Viakna v Javeé

o Oblasti pouziti
— Nesoulad ¢asovych naroku ruznych nezavislych ¢asti programu
— Dlouhé periferni prenosy, ¢ekani na odezvu na vstupu
— Simulacni vypodty, opakujici se vypocty
— Ulohy typu producent/konzument, server/klient
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Vlakna — prubeh skutecny a virtualni

4 4 4

Virtalni pr abéh Skute €ny pr abéh Prabéh vidken
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Problém sdileni prostredku, kolize
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Problém sdileni prostredku, synchronizace
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Vlakna v Javé, potomek tfidy Thread

» Vlakno je instanci tfidy Thread

Vv konstruktoru tfidy (jejiz instance budou viakny) volame
konstruktor nadfazené tridy Thread a pfedavame jmeno

viakna
e metodu tfidy Thread run()  prekryjeme
 metoda run() urcuje €innost viakna

— nespousti se sama
e metoda start()  spousti metodu run()
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Vladkna v Jave, potomek tridy Thread , pfiklad

class MyThreadExtend extends Thread {

MyThread Extend(String name) {
super (name);

start();
}
public void run() {
System.out.printin(getName() + );
e E
System.out.printin(getName() + 2
}
}
class ExtendThread {
public static void main(String args]]) {
System.out.printin( 5
MyThreadExtend mt = new MyThreadExtend( );
Jo
System.out.printin( );
}
}

AOB36PR2 - 07



Vladkna v Jave, potomek tridy Thread , pfiklad

public class MyThreadExtendl extends Thread {
private MyThreadExtend1(String jmeno) {
super (jmeno);

}
public void run() {
for (int i=1; i<=3; i++){
System.out.println( +ih + getName());
s
Thread.sleep(10);
}
catch (InterruptedException e) {
System.out.printin( + getName());
}
}
}
public static void main(String[] args) {
MyThreadExtendl viaknol = new MyThreadExtend1( );
vlaknol.start();
new MyThreadExtendl( ).start();
new MyThreadExtendl1( ).start();
}

}
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Vlakna v Javé, implementace rozhrani Runnable

» Vlakno zkonstruujeme na jakémkoli objektu tridy, ktera
Implementuje rozhrani Runnable

o tfida musi implementovat metodu run()
— metoda run() urcuje ¢innost viakna

— nespousti se sama

e vhodné definovat metodu start() - neni to ,povinné*, ale
odstrani to nejednoznacnost

e vytvofime instanci tfidy Thread a predame objekt

(referenci na instanci tridy) tridy, ktery bude probihat jako
samostatné viakno

 viakno spustime metodou start() ta odstartuje metodu
run ()
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Vlakna v Javeé, implementace rozhrani Runnable, = priklad |

class MyThread implements Runnable {
String thrdName; int  count;

MyThread(String name) {
thrdName = name; count = 0;

}

public void run() {
System.out.printin(thrdName + )i
/1.. System.out.printin( + thrdName +
+ count);
System.out.printin(thrdName + );
}
}
class UseThreads {

public static void main(String args|]) {
System.out.printin( );

MyThread mt= new MyThread( %
Thread newThrd = new Thread(mt);

newThrd.start();

do {

s

while (mt.count!=10);

System.out.printin( );
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Vlakna v Javé, implementace rozhrani Runnable,  priklad Il

class MyThreadl implements Runnable {
Thread thrd; int  count;

MyThreadl(String name) {
thrd = new Thread( this , name);count = 0;
thrd.start();

}

public void run() {
System.out.printin(thrd.getName() + );
/l.. System.out.printin( + thrd.getName() +
+ count);
System.out.printin(thrd.getName() + );
}
}

class UseThreads Implemented Improved {

public static void main(String args]]) {
System.out.printin( );
MyThreadl mt = new MyThreadI( );
Il cover:
do {
e
while (mt.count!=10);

System.out.printin( i

}
}
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Vlakna v Javé, implementace rozhrani Runnable,  priklad Il

public class UseThreadsl implements = Runnable {
private  Thread vlakno;
String thrdName;
public void start() {
vlakno= new Thread( this );

vliakno.start();

}

UseThreads1(String name) {
thrdName = name;

}

public void run() {
for (int i=1;i<=3;i++){
System.out.printin( st + this .thrdName);
try {
Thread.sleep(10);
} catch (InterruptedException e) {

System.out.printin( + this .thrdName);
}
}
}
public static void main(String|[] args) {
UseThreads1 vlaknol = new UseThreadsl( );
vlaknol.start();
new UseThreadsl( ).start();
new UseThreads1( ).start();
1

AOB36PR2 - 07



Vlakna v Jave, dalSi metody

String getName() — vraci jméno vilakna

int getPriority() — vraci prioritu vlakna

boolean isAlive() — zda vlakno bézi

void join() — Ceka na ukonceni vlakna

static void sleep() — pozastavi vlakno na ur€enou dobu
static void yield() — bézici vlakno preda fizeni jinemu
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Rizené ukondeni éinnosti viaken |

* Nejméné vhodné — testovanim hodnoty proménné procesu vliakna

class MoreThreads_ Multiple {

public static void main(String argsf]) {
System.out.printin( );
MyThreadM mtl = new MyThreadM( );
MyThreadM mt2 = new MyThreadM( );
MyThreadM mt3 = new MyThreadM( );
do  {
...

} while (mtl.count <10 ||
mt2.count < 10 ||
mt3.count < 10);

System.out.printin( );
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Rizené ukondéeni ginnosti viaken

« Testovanim ,zivosti“ vlakna metodou boolean isAlive()
— Virtualni stroj nastavi hodnotu false pfi skonéeni vliakna

class - MoreThreads  Alive {

public static void main(String args(]) {
System.out.printin( );
MyThreadA mtl = new MyThreadA( );
MyThreadA mt2 = new MyThreadA( );
MyThreadA mt3 =  new MyThreadA( 0
do {
...

} while (mtl.thrd.isAlive() ||
mt2.thrd.isAlive() ||
mt3.thrd.isAlive());

System.out.printin( );

}
}
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Cekani na ukonéeni ¢innosti viaken

» Metoda void join() ¢eka na ukonceni vlakna
class MoreThreads_Join {
public static void main(String args(]) {
System.out.printin( );

MyThreadJ mtl = new MyThreadJ( );
MyThreadJ mt2 = new MyThreadJ( );
MyThreadJ mt3 = new MyThreadJ( );

try {
mtl.thrd.join();

System.out.printin( );
mt2.thrd.join();
System.out.printin( );
mt3.thrd.join();
System.out.printin( );

}

catch (InterruptedException exc) {
System.out.printin( b

}

System.out.printin( );

}
}

AOB36PR2 - 07



Stavy viaken

* Nové viakno, spusténo start()
e Bézici(running), jedno z vlaken je bézici, ostatni Cekaji
» Behuschopneé(runnable), je spusténo, ale nebézi, ceka
na predani fizeni
* Nebehuschopné
— Blokovano (blocked)
e uspano sleep() ', join(), ceka na O/l
— Cekajici (wait)
o Ceka wait()
» Mrtve viakno, skoncila metoda run()
Doba a poradi predavani fizeni zavisi na:
— na stavu okolnich viaken,
— na priorité vlakna,

— na schopnostech OS.

17
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Stavy viakna

completed

interrupt( )
/O end

sleep()
join()
I/O start  interrupt() sets

CPU flag only

scheduler

runnable running

run() {...

State State

wait(...)
must have lock and

acquires then releases lock

lock

lock notify( ) wait
state interrupt( ) state
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Priority vlaken

Jsou-li b€huschopna dvé vlakna, pak je fizeni predano tomu
vlaknu, které ma vyssi prioritu a je ve stavu runnable

O predani fizeni (prideleni CPU) se stara JVM Scheduler.
— Nastaveni priority setPriority()
— Zjisténi priority getPriority()
— Hodnoty priority
« MAX PRIORITY - 10
« MIN PRIORITY - 1
e NORM_PRIORITY - 5
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Priorita viaken

Pravidla planovace:

» Bézi vzdy to, co ma z béhuschopnych vlaken nejvyssi
prioritu

o Je-li vice vlaken se stejnou prioritou, je fizeni postupné
predavano vsem v nahodném poradi, predani yield()

» Vlakno s nizsi prioritou mohou ziskat fizeni, jen kdyz viakna
s vySSi prioritou se dostanou do nebéhuschopného stavu,
vlakno s vyssi prioritou nelze prinutit k predani rizeni
standardnim mechanismem planovani, jen zasahem zvenku

N o/

» Pokud se do béhuschopného stavu dostane vlakno s vyssi
prioritou, je bézici vlakno okamzité prinuceno predat rizeni
ve prospéch tohoto viakna (preemptivni planovani)

20
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Priorita vlaken - pravidla
« Cekani na vstup - typicky pfipad, b&zici vlakno je pferudeno
vlaknem vyssi priority

» Vlakno je automaticky uvedeno do stavu hebéhuschopne,
kdyz €eka na vstup/vystup

o Vstup/vystup ma nejvyssi prioritu, kdykoli pferusi, kdyz je
moznost predavani dat

* Neni tfeba dalSi synchronizace, spoluprace je asynchronni

21
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Priorita vlaken, priklad

e Vstup/vystup ma nejvyssi prioritu, kdykoli prerusi, kdyz je
moznost predavani dat
1. VlIakno provadi vypocet
2. Vlakno vypisuje okamzity stav vypoctu, vySSi priorita
o Okamzité na zadost prerusi vypocet a skonci program
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Pomocna trida Vstup

class Vstup extends Thread {

nastaveni nejvyssi
priority

public boolean hotovo = false
public void run() {
byte [] pole = new byte [10];
Thread.currentThread().setPriority(MAX PRIORITY);
while  (hotovo == false ){
try |
System.in.read(pole);
it (pole[0] == )1
hotovo = true ;
}
}

catch  (IOException e) {
System.out.printin(
hotovo =  true ;
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Cte n&jaké hodnoty ze vstupu
a uklada je do pole b.
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Priorita vlaken - cekani na vstup

class  Priority input extends Thread {
public void run() {
long 1=0;
while  (Vstup.hotovo == false ){
System.out.print(i++ + );

public static void main(String[] args)
Vstup viVstup = new Vstup();
viVstup.start();

nejvyssi priorita

Priority_input viVypis = new Priority_input();

viVypis.start();

}

AOB36PR2 - 08
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Synchronizace cinnosti viaken

Vlakna spolupracuji, problém sdileni datového prostoru
— Problem nedeterminovanosti pristupu ke spoleénym prostorim
 Re3eni pomoci promé&nné tfidy nevhodné!!
Mozné feSeni je tzv. monitor (kriticka sekce)
— objekt, ktery vlaknu zpfistupni zdroj (pamét, linku,..),
— v daném okamziku aktivné umozni monitor pouzivat jen jedno vliakno

— ,pro dany ¢asovy interval vlakno vlastni monitor“, monitor smi vlastnit jen
jedno vlakno

— vlakno bézi, jen kdyz vlastni monitor, jinak ¢eka
VSechny objekty v Jave ,maji“ monitor??
— VIakno vstoupi do monitoru volanim metody s pfivlastkem synchronized
(Ize i pfikaz) - tuto metodu nazyvame synchronizovanou

— O vlaknu, které uspésné jako prvni zavola synchronizovanou metodu
fikame, zZe je ,uvniti metody a ma k dispozici vSechny zdroje pouzivanymi
touto metodou

— Jiné vlakno, které vola synchronizovanou metodu ¢eka, dokud aktivni viakno
synchronizovanou metodu neopusti (nebo uvolni zamek pomoci wait )

Synchronizace - fizena ,linearizace vlaken*

25
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Synchronizace v Jave

Hlavni synchroniza¢nim primitivem jsou monitory
Kazdy objekt ma automaticky pfifazen svuj monitor.

1. Metody, které patfi do monitoru, jsou oznaceny pomoci
klicoveho slova synchronized

2. Do monitoru libovolného objektu vsak |ze obalit libovolny

prikaz (blok) kodu pomoci konstrukce, pro objekt, ktery tuto
metodu vola: synchronized( objekt){...}

OS> m o —<
Neaios

<:O:>?\—g.>\—<
<>:

26
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Synchronizace metody

class  SumArray {
private int sum;

synchronized int sumArray( int  nums[]) {
sum = 0;

for (int i=0; i<nums.length; i++) {
sum += numsJi]; // sum the array elements
System.out.printin( +
Thread.currentThread().getName() +
+ sum);

Yk
Thread.sleep(10);
}

catch (InterruptedException exc) {
System.out.printin( );

}
}

return sum,
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Synchronizace metody

class  Sync {
public static void main(String argsl]) {
int af]={1, 2, 3, 4,5}

MyThreadSy mtl = new MyThreadSy(
MyThreadSy mt2 =  new MyThreadSy(

AOB36PR2 - 07



Synchronizace metody

class MyThreadSy implements Runnable {

}

Thread thrd;

static SumArray sa = new SumArray();

int a[];

int answer;

MyThreadSy(String name, int  numsJ]) {
thrd = new Thread( this , name);
thrd.start();

a = nums;

}

public void run() {
int  sum;
System.out.printin(thrd.getName() +
answer = sa.sumArray(a);
System.out.printin( + thrd.getName() +

+ answer);

System.out.printin(thrd.getName() +
}
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Synchronizace prikazu

class MyThreadP implements Runnable {
Thread thrd;

final static SumArrayP sa=  new SumArrayP(); // synchronization
int afl;
int answer;
MyThreadP(String name, int  numsJ]) {
thrd = new Thread( this , name);
thrd.start();
a = nums;
}
public  void run() {
int  sum;
System.out.printin(thrd.getName() + x;

/ kkkkkkkkkkkkkkkkkkhkkhkkkkkkkkkkk

synchronized  (sa) {
answer = sa.sumArrayP(a);

}
/ /******************************
System.out.printin( + thrd.getName() +
+ answer);
System.out.printin(thrd.getName() + )i

}
APB36PR?2 - 07
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Komunikace mezi viakny

« Uvnitf synchronizované metody lze volat metody, ktere umozni ovladat
komunikaci mezi vlakny:

void wait()resp wait( ¢as) — docCasné zastavi vlakno do doby
pokynu metodou notify()  resp. notifyAll() nebo zastavi vlakno na
ur¢enou dobu, tim se uvolni monitor pro ostatni vilakna

void notify() - probouzi pozastavené vlakno metodou wait(),
neni urCeno které, a pfrevezme monitor

void notifyAll() - probouzi vSechna vlakna pozastavena metodou
wait(), monitoru se zmocni vlakno s nejvyssi prioritou

31
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Komunikace mezi viakny

Aplikace, ktera bude stfidave volat viakna — ,linearizace*
class ThreadCom {

public static void main(String args]) {
TickTock tt = new TickTock();
MyThreadT mtl = new MyThreadT( , tt);
MyThreadT mt2 = new MyThreadT( , tt);
}
}
run:
Tick Tock
Tick Tock
Tick Tock
Tick Tock
Tick Tock
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Komunikace mezi viakny

class TickTock {
synchronized void tick( boolean
if (‘running) {
notify();

return ;

}

System.out.print( );

notify();

Uy
wait();

}

catch (InterruptedException exc) {
System.out.printin(

}
}

synchronized void tock( boolean

}
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Komunikace mezi viakny

class MyThreadT implements Runnable {
Thread thrd;
TickTock ttOb;

MyThreadT (String name, TickTock tt) {

thrd = new Thread( this , name);
ttOb = tt;
thrd.start();

}

public  void run() {

if (thrd.getName().compareTo( ) ==0) {
for (int  i=0; i<5; i++) ttOb.tick( true );
ttODb.tick( false );

}

else-f
for (int 1=0;i<5; i++) ttOb.tock( true );
ttOb.tock(  false );

}

}
}
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Porusena komunikace mezi viakny
class TickTockB {

synchronized void tick( boolean running) {
if ('running) {
return

}

System.out.print( );
}

synchronized void tock( boolean running) {
if ('running) {
return ;

}

System.out.printin( );

}
}
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Komunikace mezi vliakny, priklad

Vlozit do Boxu

Neni obsazeno

Je obsazeno
1) wait()

1) ,vlozit do boxu*
2) obsazeno = !obsazeno
3) notify() zakaznika

wait()

notify()

T notify()

Vyjmout z Boxu

Je obsazeno

1) ,vyjmout z boxu*

2) obsazeno = !obsazeno
3) notify() prodavace

Neni obsazeno
1) wait()

wait()
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Komunikace mezi vliakny, priklad

public class Synchro Zak Prodavac {
public static void main(String[] args) {
Boxf=  new Box();
Vydavatel t1 = new Vydavatel(f);
Zakaznik t2 = new Zakaznik(f);
}
}
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Komunikace mezi vliakny, priklad

class Vydavatel implements Runnable {
Box f;
Thread t;
Vydavatel(Box f) {
this .f=f;
t= new Thread( this |, )i
t.start();
}
public void run() {
for - (int 1=0;i<5;i++){
f.vlozit(i);
}
}
}
class Zakaznik implements Runnable {
Box f;
Thread t;
Zakaznik(Box f) {
this .f=f;
t= new Thread( this |, );
t.start();
}
public void run() {
for  (int 1=0;i<5;i++){
f.vyjmout();

}
1}
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Komunikace mezi vliakny, priklad

class Box{

int cislo;
boolean obsazeno = false ;
synchronized int vyjmout() {
if * (lobsazeno) {
try |
wait();
} catch  (InterruptedException v) {
System.out.printin( );
}
}
obsazeno = !obsazeno;
System.out.printin( Thread.currentThread().getName() + + cislo );
notify();
return - cislo; // vyb ér
}
synchronized void viozit(  int  cislo) {
if (obsazeno) {
try {
wait();
} catch (InterruptedException v) {
System.out.printin( );
}
}

this .cislo = cislo; // vlozeni
obsazeno = lobsazeno;

System.out.printin( Thread.currentThread().getName() + + cislo );
notify();

}
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Pouziti hlavniho vlakna

class  UseMain {
public static void main(String argsl]) {
Thread thrd;

thrd = Thread.currentThread();
System.out.printin( + thrd.getName());

System.out.printin( + thrd.getPriority());
System.out.printin();

System.out.println( );
thrd.setName( )i

thrd.setPriority(Thread. NORM_PRIORITY +3);

System.out.printin( + thrd.getName());

System.out.printin( + thrd.getPriority());
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