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Viakna v Javeé

* Oblasti pouziti
— Nesoulad ¢asovych naroku riznych nezavislych ¢asti programu
— Dlouhé periferni prenosy, ¢ekani na odezvu na vstupu
— Simulaéni vypocty, opakujici se vypocty
— Ulohy typu producent/konzument, server/klient
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Viakna v Javeé

e Vlakna vytvarime:
— potomkem tfidy Thread
e pfepisujeme run()  a poustime start()
— implementaci rozhrani Runnable
 metoda run()

o DalSi metody

— getName() —  vraci jméno viakna

— getPriority() — vraci prioritu vliakna

— isAlive() — zda vlakno bézi

— join() — pozastavi provadéni az do ukonceni vlakna
— sleep() — pozastavi vlakno na uréenou dobu
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Nezavisla ,paralelni® vlakna, ndhodné stridani
Metoda run() je prekryta v obou pristupech, popisuje ¢innost
viakna
 Metoda run() se spousti metodou start()
« V konstruktoru je predano jméno viakna
« Metoda getName() preda metodé run() jmeno viakna
 Metoda sleep() uspi vldkno a zaCne pracovat jine
* Metoda main() vytvori 3 viakna
» Vlakna konci skon¢enim sveho run()
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Trida Thread

public class Vlaknol extends Thread {
public  Vlaknol(String jmeno) {
super (jmeno); ' // p #edani jmeéna viakna
}
public void run() {
for (int =1, 1<=3; i++){
System.out.printin(i + """+ getName());
try {

/Il vraci. jméno vlakna

Thread.sleep(1000); /l-uspani na 1 sec., Sance pro jina

} catch (InterruptedException e){
System.out.printin( "Jsem vzhuru - "
}.. I prop: . redéasne probuzeni
}
}

public static void main(String[] args) {
Vlaknol viAhoj = new Vilaknol( "aho/” );
vIAhoj.start();
new Vlaknol( "nazdar" ).start();
new Vlaknol( “cao" ).start();
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Rozhrani Runnable

public class VlaknolR implements Runnable {
@Override
public void run() {
I/ vrati jmeno-aktualniho viakna
String  jmeno = Thread.currentThread().getName();

for (int 1=1;i<=3;i++){
System.out.printin(i + + jmeno);
try {

Thread.sleep(1000);
} catch (InterruptedException e) {

System.out.printin( + jmeno);
}

} 1. ahoj

} 1. cao
public static void main(String[] args) { ; 22232;

VlaknolR vl = new VlaknolR(); 2' cao

Thread t1=  new Thread(vl, ), 2. ahoj
t2 = new Thread(vl, ), 3' nazdar

t3 = new Thread(vl, ); 3' ahoj

tl.start(); t2.start(); t3.start(); 3. cao

: :
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Sdileni dat mezi vlakny a nahodné spousteni

public class Vlakno implements Runnable {
int sdilena = 0;
public void run() {
for(int i = 0; i<100;i++, sdilena++) {
System.out.printf( , sdilena, i);

1}

public static void main(String[] args) {
Vlakno v1 = new Vlakno();
Thread t1 = new Thread(v1), t2 = new Thread(v1);

t2.start(); t1.start();
System.out.printf( );

1}
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Konec hlavniho vlakna
Sdilena: 0,i: O
Sdilena: 1,i: 1
Sdilena: 2,i: 2
Sdilena: 14,i: 14
Sdilena: 0,i: O
Sdilena: 15,1i: 15

Sdilena: 109, i: 98
Sdilena: 110, i: 99
Sdilena: 94,i: 11
Sdilena: 112,i: 12

Sdilena: 197,i: 97
Sdilena: 198, i: 98
Sdilena: 199, i: 99




Rizena spoluprace dvou viaken

» VIakno bude slouzit pro ¢teni souboru o jednom milionu
radku

o ,Soubézné vlakno bude ,ob¢as" informovat o stavu vypoctu
— Druhé viadkno bude vypisovat mezisoucty

« Reseni pfedavani informace mezi viakny promé&nnymi tridy,
statickymi proménnymi — lepsi reseni synchronizaci ...

» Dusledné oddéleni vykonne c¢asti programu a ¢asti
informacni
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VIakno pro cteni

class ReadVl extends Thread {
FileReader fr;
BufferedReader in;
String jmenoSouboru;
static public long suma = 0;

static public boolean hotovo = false ;
ReadVI(String jmeno) { /

super ( )i
jmenoSouboru = jmeno;
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Jméno vlakna




VIakno pro cteni

public void run() {
String radka;

try {
fr = new FileReader(jmenoSouboru);

in= new BufferedReader(fr);

while ((radka = in.readLine()) != null ) {
suma += Integer.parselnt(radka);
Thread.yield();

}
} catch (IOException e) {

Precdteni souboru,

System.out.println( signal pro

} finally {
fr.close();
hotovo =  true ;

}

}
}
10
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Vlakno pro vypisovani — ,pravidelné® stridani

public class Vlakno2 extends Thread { Predteni souboru
public void run() { RS o —
while  (ReadVl.hotovo == false ) { \{!akm? SevVZd,aV,a
: fizeni a predava
System.out.print(ReadVl.suma + )i | jinému viaknu, po
Thread.yield(); skondeni se
} /] yield() p redava #izeni dobrovoln & zacCina opét zde
System.out.printin(ReadVl.suma);
}
public static void main(String[] args) {
ReadVI vICteni = new ReadVI( );

viCteni.start();
Vlakno2 vIVypis = m\\
viVypis.start();
\ \Start vldkna
}

Start vlakna

11
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Vlakno pro vypisovani, st

public class Vlakno3
public void run() {

while  (ReadVl.hotovo == false ) {
System.out.print(ReadVl.suma + )i
try
Thread.sleep(100);

} Vlakno se vzdava na
catch (InterruptedException e) { 100ms rizeni a

: _ predava jinemu
SN taCl FOCE U viaknu, po skonceni
se zacina opét zde,
nesymetrické casy,
neprevezme fizeni,

ridani nepravidelné, t rida Thread
extends Thread {

}

System.out.printin(ReadVIl.suma);

}

public static void

main(String[] args) { azza 100 ms
ReadVI viCteni = new ReadVI( );
viCteni.start();
Vlakno3 viVypis = new Vlakno3();
viVypis.start();

}
}

12
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Vlakno pro vypisovani,nepravidelné, rozhrani Runnable

public class Vliakno5 implements Runnable {

public void run() {
while  (ReadVI.hotovo == false ){
System.out.print(ReadVl.suma + )i

try {
Thread.sleep(100); 1 100 milisekund

}

catch = (InterruptedException e€) {}

}

System.out.printin(ReadVIl.suma);

}

public static void main(String[] args) {

ReadVI viICteni = new ReadVI( ); /-potomek Thread

viCteni.start();

Vlakno5 vIVypis = new Vlakno5(); /I yozhrani 'Runnable

Thread zobrazVl = new Thread(viVypis);
zobrazVl.start();

o \

AOB36PR2 - 08 spusteni vlakna
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Stavy viakna

* Nové vlakno, spusteno start()
e Béhuschopné(runnable), je spusteno, ale nebeézi, ceka
na predani fizeni, potom jedno je bézici  (running)
— jedno z vlaken je bézici, ostatni ¢ekaji
 Nebehuschopne
— Blokovano (blocked)
e uspano sleep() , join(), ceka na O/l
— Cekajici (wait)
« Ceka wait()
« Mrtve vlakno, skoncCila metoda run()
Doba a poradi predavani rizeni zavisi na:
— na stavu okolnich viaken,
— na priorité vlakna,
— na schopnostech OS.

14
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Stavy viakna
false

isAlive( )= 1 e T T TT T A

completed

i

|

: sleep()
: interrupt( )

I

l

join()
I/O start  interrupt() sets
flag only

run() {...

/0O end
CPU
scheduler

'start( )

runnable
state

running
state

wait(...)
must have lock and

' h | lock
acqu|res then releases loc

lock

lock notify( ) wait
State interrupt() State
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Priorita vlaken

Jsou-li behuschopna dve vladkna, pak je rizeni predano tomu
vlaknu, ktere ma vyssi prioritu a je ve stavu runnable

O pfedani fizeni (pfidéleni CPU) se stard JVM Scheduler.
— Nastaveni priority setPriority()
— Zjisténi priority getPriority()
— Hodnoty priority
« MAX PRIORITY - 10
« MIN PRIORITY - 1
e NORM_PRIORITY - 5

AOB36PR2 - 08
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Priorita vlaken

Pravidla planovace:

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

« Je-li vice vlaken se stejnou prioritou, je Fizeni postupné
predavano vsem v nahodnem poradi, predani yield()

» VIakno s nizsi prioritou mohou ziskat rizeni, jen kdyz vlakna
S vySSi prioritou se dostanou do nebéhuschopného stavu,
vlakno s vyssi prioritou nelze pfrinutit k predani fizeni
standardnim mechanismem planovani, jen zasahem zvenku

N ENTAY

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

17
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Priorita vlaken - priklad
o Cekani na vstup - typicky pfipad, bé&zici viakno je pferusdeno
vlaknem vyssi priority
e Vlakno je automaticky uvedeno do stavu nebéhuschopne,
kdyz Ceka na vstup/vystup

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

* Neni tfeba dalSi synchronizace, spoluprace je asynchronni

18
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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] == ) {
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 vliaken - ¢ekani na vstup

public class Vlakno7 extends Thread {
public void run() {
long 1=0;

while  (true ){
System.out.printin(i++);

}

}

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

vIVstup.start(); ey S

nejvyssi priorita

Vlakno7 viVypis = new Vlakno7();

[/ demon — sam skon - &i s poslednim nedémonickym vliaknem
viVypis.setDaemon( true ); /I musime nastavit p fed startem
viVypis.start();

}

AOB36PR2 - 08
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Priorita vlaken - nastavovani priorit

class MojeVlakno5 implements Runnable {
private boolean spusteno = true ;
private String jmeno;

public  MojeVlakno5(String tName){
jmeno = tName;

}

public void run(){
while = (spusteno){

System.out.printin(jmeno + );
}
1
public void stop(){
spusteno = false ;
System.out.printin(jmeno + );
}
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Priorita vlaken - nastavovani priorit

public class DemoVlakno5 {

public static void main(String[] args) {

Thread.currentThread().setPriority(10);

MojeVlakno5 lowPriority = new MojeVlakno5( );
Thread tLow = new Thread (lowPriority);

tLow.setPriority(3);

tLow.start();

MojeVlakno5 highPriority = new MojeVlakno5(7, );
Thread tHigh = new Thread (highPriority);

tHigh.setPriority(7);
tHigh.start();

try |
Thread.sleep(10000);

} catch (InterruptedException e) {
System.out.printin(
}
lowPriority.stop();
highPriority.stop();
}
}
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Vlakno s nizkou prioritou spusténo
Vlakno s vysokou prioritou spusténo
Vlakno s vysokou prioritou bézi
Vlakno s nizkou prioritou bézi
Vlakno s nizkou prioritou zastaveno
Vlakno s vysokou prioritou zastaveno

)
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Vd

Predavani rizeni

public class DemoViakno6 {

public static void main(String[] args) {

MojeVlakno viaknol = new MojeVlakno( );

Thread tl1= new Thread(vlaknol); - )

_ Testovani, zda vlano
tl.start();  vix Lxwr
jeste bezi

System.out.printin( );
System.out.printin( + t1.isAlive());

try {

System.out.printin( ); Vlakna ¢ekaji na
t1.join(); — ukonéeni vlakna t1

} catch (InterruptedException e){

System.out.printin( );

} Testovani, zda vlano
System.out.printin( ); jesté bézi
System.out.println( + t1.isAlive()); il
System.out.printin( );

23
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Predavani rizeni

class MojeVilakno implements
String jmenoVlakna,

MojeVilakno (String vlaknoName){
JmenoVlakna = vlaknoName;

}

public void run(){

try {
System.out.printin(
Thread.sleep(2000);

} catch (InterruptedException e){
System.out.println(

}

System.out.println(
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Runnable{

+ jmenoVlakna);

+ jmenoVlakna +

+ jmenoVlakna);
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Predavani rizeni

Stav vlakna isAlive
Vlaknol: true
Vlakno2: true
Vlakno3: true
Vladkno: 3

Vladkno: 1
Vlakno4: true
Vlakno: join
Vlidkno: 2

Viadkno: 4
Ukonceni vlaknal
Ukonceni vlakna2
Ukonc&eni vlakna4
Ukonceni vlakna3
Stav vlakna isAlive
Vlaknol: false
Vlakno2: false
Vlakno3: false
Vlakno4: false
Vyjimka: Hlavni viakno ukonceno

25



Synchronizace cinnosti viaken

« Vlakna spolupracuiji, problém sdileni datového prostoru
— Problém nedeterminovanosti pristupu ke spolecnym prostoriim
« Reseni pomoci promé&nné tfidy nevhodné!!
e Mozné reSeni je tzv. monitor (kriticka sekce)
— objekt, ktery vlaknu zpfistupni zdroj,
— v daném okamziku aktivné pouzivat monitor jen jedno vliakno

— ,pro dany casovy interval vliakno vlastni monitor”, monitor smi vlastnit jen
jedno vlakno

— vlakno bézi, jen kdyz vlastni monitor, jinak ¢eka
« VSechny objekty v Javeé ,maji“ monitor

— VIakno vstoupi do monitoru volanim metody s pfivlastkem synchronized
(Ize | pfikaz) - tuto metodu nazyvame synchronizovanou

— O vlaknu, které tspésné jako prvni zavola synchronizovanou metodu
fikame, ze 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)

26
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Synchronizace cinnosti viaken - priklad

e Vypis jména v zavorkach, tfi faze

— Leva zavorka
— Vlastni text
— Prava zavorka

(((XaverHonzaJdana)

)
)
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((Xaver(Honza)
Jana)

)

(Honza)
(Xaver)
(Jana)

27



Synchronizace viaken

I Z k
i VO, / Zajisti synchronizaci
//"'I

void zobrazit(String s){
System.out.print ( )i
try {
Thread.sleep(1000);
} catch (InterruptedException e){
System.out.printin( );

}

System.out.print(s);

try {
Thread.sleep(1000);

} catch (InterruptedException e){
System.out.printin( );

}
System.out.print( );

}
}
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Synchronizace viaken

class MyThread extends Thread {
private String s1;
private  Zavorky z1;

public  MyThread(Zavorky z2, String s2){
z1 =2z72;
sl =s2;

public void run(){

/I synchronizovany blok — synchr. bude probihat podle
/l monitoru. objektu z1

synchronized (z1){
z1.zobrazit(s1);

}
1}

AOB36PR2 - 08
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Synchronizace viaken

public class DemoViakno2 {
public static void main(String[] args) {
Zavorky z3= new Zavorky();
MyThread namel = new MyThread(z3, );
MyThread name2 = new MyThread(z3, );
MyThread name3 = new MyThread(z3, );
namel.start(); name2.start(); namea3.start();
public void run(){
try { synchronized  (z1){
namel.v.join(); z1.zobrazit(s1);
name2.v.join(); }
name3.v.join(); }
} catch (InterruptedException v){
System.out.printin( );
}

}
}

AOB36PR2 - 08
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Komunikace mezi viakny

e Ovladani synchronizované metody umozni ovladat
komunikaci mezi vlakny, déje se volanim metod:

wait()  zastavi vlakno do doby pokynu metodou
notify()  resp. notifyAll() nebo zastavi vlakno na
urcenou dobu, tim se uvolni monitor pro ostatni viakna

notify() probouzi pozastaveneé viakno metodou wait(),
neni urceno které, a prevzalo monitor
notifyAll() probouzi vSechna vlakna metodou wait(),

monitoru se zmocni vlakno s nejvyssi prioritou

31
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Komunikace mezi vlakny, Box priklad

class Box{
private int ' hodnotaVBoxu; /meprFistupna zven ¢i

boolean obsazeno = false ;
synchronized int vyjmout(){
If (lobsazeno){ //'box je prazdny
try {
wait(); Il éekej dokud ho Prodava ¢ nenaplni

} catch (InterruptedException v){
System.out.printin( "Vyjmout: InterruptedException”

}
}
obsazeno = false ; /[ obsah boxu vyprazdn én
System.out.printin( “Vyjmout;" + hodnotaVBoxu);
notify(); /lvzbu = d Prodava &ée, m aze naplnit box

return hodnotaVVBoxu;

}
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Komunikace mezi vlakny, Box priklad

synchronized void viozit( int hodnotaVBoxu){
If (obsazeno){ // box je plny
try {

walit(); /I - &ekej dokud-ho Zakaznik nevyprazdni
} catch (InterruptedException v){

System.out.printin( “Vlozit: InterruptedException”

}
}
this .hodnotaVBoxu = hodnotaVBoxu;
obsazeno = true ; // box napin én
System.out.printin( "Vlozit:" + hodnotaVBoxu);
notify(); [fvzbu & Zakaznika, m | aze vybrat obsah boxu
}

}

AOB36PR2 - 08
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Komunikace mezi vlakny, priklad fronty

class Prodavac implements Runnable {
Box b;
Prodavac(Box b){
this .b=Db;
}
public void run(){
for (int i=0;i<5; i++){

b.vlozit(i);
}
}
}
class Zakaznik implements Runnable {
Box b;
Zakaznik(Box b){
this .b=Db;
}

public void run({
for (int i=0; i<5; i++){
b.vyjmout();
}
}
}

AOB36PR2 - 08
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Komunikace mezi vlakny, priklad fronty

public class DemoVlakno3 {
public static void main(String[] args) {
Box box = new Box();
Prodavac p= new Prodavac(box);

Thread tProdavac = new Thread(p, );
tProdavac.start();

Zakaznik z = new Zakaznik(box);
Thread tZakaznik = new Thread(z, );
tZakaznik.start();

}

}

Dvé vlakna (tProdavac, tZakaznik) spole éné pracuji s
jednim objektem (box). V jednom okamziku m aze byt do
boxu bu & vkladano (Prodava &) nebo z boxu vybirano
(Zakaznik).

AOB36PR2 - 08
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Komunikace mezi vlakny, priklad fronty

Prodavac — vklada do boxu (vlozit)

obsazeno == false

1) ,vlozit do boxu*

2) obsazeno = true

3) notify() zakaznika
4) wait()

obsazeno == true
1) wait()

wait()

notify()

Zakaznik — odebira z boxu(vyjmout)

obsazeno == true

1) ,vyjmout z boxu*

2) obsazeno = false
3) notify() prodavace
4) wait()

obsazeno == false
1) wait()

wait()

notify()

AOB36PR2 - 08
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Synchronizace vlaken, netrpelive cekani
public class Vlakno9 extends Thread {
public void run() {
while  (ReadVl.hotovo == false ) ({
System.out.printin(ReadVI.suma);

try: 4
Thread.sleep(100); // 100 milisekund

}

catch (InterruptedException e) {
e.printStackTrace();

}

System.out.printin(ReadVIl.suma);

AOB36PR2 - 08
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Synchronizace vlaken, netrpelive cekani
public static void main(String[] argv) throws
InterruptedException {
int sance = 500;
long zac = System.currentTimeMillis();
ReadVI| viCteni = new ReadVI( );
viCteni.start();
Vlakno9 viIVypis
viVypis.start();
while  (vIVypis.isAlive() == true ) {
viVypis.join(sance);
System.out.printin( + sance);

}

new Vlakno9();

long kon = System.currentTimeMillis();
System.out.printin( + (kon - zac));

}
}
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Synchronizace vlaken, netrpelive cekani

_ |
cteni (kaidyic;:réOOms) } (ka\gc?;/isligng)
v }
}
}
| |
|
}
v }
!
|
v X l
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Synchronizace vlaken,predcasné ukonceni

public class Vlaknol0 extends Thread {
public void run() {
while (ReadVl.hotovo == false ) {
System.out.print(ReadVI.suma + );
yield();
If  (interrupted() == true ) {
return

}

System.out.printin(ReadVI.suma);

Pro zajemce

AOB36PR2 - 08
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Synchronizace vlaken,predcasné ukonceni

public static void main(String[] args) throws
InterruptedException {

long zac = System.currentTimeMillis();

ReadVI viICteni = new ReadVI( );
viCteni.start();
Vlaknol0 viVypis = new Vlaknol0();

viVypis.start();
vIVypis.join(1000);

If -~ (vIiVypis.isAlive() == true ) {
System.out.printin( );
viVypis.interrupt();

}

long kon = System.currentTimeMillis();

System.out.printin( + (kon - zac)),

Pro zajemce

41
AOB36PR2 - 08



Synchronizace viaken, predcasne probuzeni

public class Vlaknoll extends Thread {
public void run() {
while  (ReadVl.hotovo == false ) ({
System.out.print(ReadVl.suma +

try {
Thread.sleep(7000);

}

catch (InterruptedException e) {
System.out.printin(
break :

}

System.out.printin(ReadVl.suma),

AOB36PR2 - 08

Pro zajemce
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Synchronizace viaken, predcasne probuzeni

public static void main(String[] argv) throws
InterruptedException {

long zac = System.currentTimeMillis();

ReadVI viCteni = new ReadVI( );

viCteni.start();

Vlaknoll viVypis = new Vlaknoll();

viVypis.start();

vIVypis.join(1000);

if  (viVypis.isAlive() == true ) {
System.out.printin( );
viVypis.interrupt();

}

long kon = System.currentTimeMillis();
System.out.printin( + (kon - zac));
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Pozastaveni a obnoveni ¢innosti viaken

class MojeVlakno implements Runnable {
boolean zastaven:

MojeVlakno() {

zastaven =  false
}
public void run() {
try {
for (int 1=0;i<10; i++){
System.out.printin(
Thread.sleep(2000);
synchronized (this ) {
while (zastaven) {
walit();
}
}
}
} catch (InterruptedException e) {
System.out.printin(
}
System.out.printin(
}
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+);
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Pozastaveni a obnoveni ¢innosti viaken

void

}

synchronized void

AOB36PR2 - 08

zastavitChod() {

zastaven =

Zastaven =

notify();

true ;

obnovitChod() {
false ;
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Pozastaveni a obnoveni ¢innosti viaken

public class DemoVlakno4 {
public static void main(String[] args) {
MojeVlakno mvl = new MojeVlakno();
Thread tl1 = new Thread(mvl,
tl.start();
try {

Thread.sleep(1000); tl.zastavitChod();
System.out.printin(
Thread.sleep(1000); t1.obnovitChod();
System.out.println(
Thread.sleep(2000); t1.zastavitChod();
System.out.printin(
Thread.sleep(4500); t1.obnovitChod();
System.out.printin(

} catch (InterruptedException v) {}
try {

t1.join();

} catch (InterruptedException v) {

1}
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System.out.printin(

);
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