Java threads

Paralelné proveditelné jednotky jsou objekty s metodou run, jejiz kod miiZze byt provadén
soubézné s jinymi takovymi metodami a s metodou main. Metoda run se spusti nepiimo
vyvolanim start( )
Jak definovat tfidy, jejichZ objekty mohou mit paralelné provadéné metody

1. jako podtridy tridy Thread (je soucasti java.lang baliku, potomkem Object)

2. implementaci rozhrani Runnable
adl

class MyThread extends Thread //LZitfidy Threadodvodime potomka (s’run metodou)

{public void run() {...}
}
MyThread t=new MyThread(); /2:VytvoFeni instance této tiidy potomka

ad2.

class MyR implements Runnable  [KORStUNjeMEtHAUImMpIOMOAtUICIRUBHADIY

{public void run() {...}

}..

MyR m =new MyR(); //
Thread t = new Thread(m); /

/lje zde pouzit konstruktor Thread(Runnable threadOb)

Vlakno t se spusti aZ provedenim prikazu t.start();
Trida Thread ma metody:

final String getName( ) //vraci jméno vlikna zadané Thread(Runnable jmR, String jméno)
final int getPriority()

final void setPriority(int novaPriorita) vlakno vlakno jiné

final boolean isAllive( )

final void join( )

t.join()
void run() §
static void sleep(long milisekundy)
void start() konec t

Rozhrani Runnable ma jen metodu run()



CISSSINyTRESSISTPISHENESIRGANEbIE ( // pr. 3Vlakna

int count;
String thrdName;

MyThread (String name) ({
count = 0;
thrdName = name; //retezec slouzici jako jmeno vlakna

public void run() { // vstupni bod vlakna
System.out.println (thrdName + " startuje.");
try {
do {
Thread.sleep (500) ;
System.out.println("Ve vlaknu " + thrdName +
", citac je " + count);
count++;
} while(count < 5);
}
catch (InterruptedException exc) {//nutno oSet¥it pferusSeni spani
System.out.println (thrdName + " preruseny.");
}
System.out.println (thrdName + " ukonceny.");
}
}

class Vlakno {
public static void main(String args[]) {
System.out.println("Hlavni vlakno startuje");

// Nejdfive konstruujeme MyThread objekt. M4 metodu run/()

// Pak konstruuj vlakno z tohoto objektu, tim dodame start(),..

// Az pak startujeme vypocet vlakna
newThrd.start () ;

do {

System.out.print(".");

try {
Thread.sleep(100) ;

}

catch (InterruptedException exc) {//nutno osSet¥it p¥erusSeni spani
System.out.println("Hlavni vlakno prerusene.");

}

} while (mt.count !'= 5);

System.out.println("Konci hlavni wvlakno") ;



class MyThread extends Thread { // pr. 3aVlakna bez pouziti Runnable
int count;

MyThread(String name) {
super(name); /preda nadtifidé Object jméno vlakna
count = 0;

}

public void run() {// vstupni bod vlakna
System.out.println(getName() + " startuje.");
try {
do {
Thread.sleep(500); //Kvalifikace neni nutna
System.out.println(""Ve vlaknu " + getName() +
", citac je " + count);
count++;
} while(count < 5);
}
catch(InterruptedException exc) {//nutno oSet#it pferuSeni spani
System.out.println(getName() + " prerusene.');
}
System.out.printin(getName() + " ukoncene.");
H
}

class Vlakno {
public static void main(String args[]) {
System.out.println("'Hlavni vlakno startuje");

// Nejdrive konstruujeme MyThread objekt.
MyThread mt = new MyThread(''potomek');

/I Az pak startujeme vypocet vlakna
mt.start();

do {
System.out.print(".");
try {
Thread.sleep(100); //Kvalifikace je nutna
}
catch(InterruptedException exc) {//nutno oSet#it pferuSeni spani
System.out.printin(''Hlavni vlakno prerusene.");
}
} while (mt.count !=5);
System.out.println("'Konci hlavni vlakno');
H
3



class MyThread implements Runnable { // pf¥. 4Vlakna Modifikace:
// vlakno se rozbéhne v okamZiku jeho vytvofeni
// jméno lze vlaknu p¥ifadit v okamZiku spusténi

int count;

Thread thrd;

// Konstruuje nove vlakno

MyThread (String name) {
thrd = new Thread(this, name) ;//vytvo¥i vladkno a p¥ifadi jméno
count = 0;
thrd.start(); // startuje vlakno rovnou v konstruktoru

}

// Zadatek exekuce vlakna
public void run() ({
System.out.println(thrd.getName() + " startuje ");
try {
do {
Thread.sleep (500) ;
System.out.println("V potomkovi " + thrd.getName () +
", citac je " + count);
count++;
} while(count < 5);
}
catch(InterruptedException exc) ({
System.out.println(thrd.getName() + " preruseny.");
}
System.out.println (thrd.getName () + " ukonceny.");

}

class VlaknoLepsi {
public static void main(String args[]) {
System.out.println("Hlavni vlakno startuje");

MyThread mt = new MyThread("potomek"); //v konstruktoru spusti

do {
System.out.print(".");
try {
Thread.sleep(100) ;
}
catch (InterruptedException exc) ({
System.out.println("Hlavni vlakno prerusene.");

}

} while (mt.count !'= 5);

System.out.println("Hlavni vlakno konci");



class MyThread extends Thread { // pr. SVlakna = totez jako 4Vlakna ale dedenim z Thread
int count;

MyThread(String name) {
super(name); // jmeno vlakna
count = 0;

start(); // startuje v konstruktoru

}

public void run() { //v potomkovi ze Thread musime piedefinovat run()
System.out.println(getName() + " startuje');
try {
do {
Thread.sleep(500); //zde kvalifikace neni nutna, protoZe jsme v potomkovi ze Thread
System.out.println("V " + getName() +
", citac je " + count);
count++;
} while(count < 5);
}
catch(InterruptedException exc) {
System.out.println(getName() + " prerusene');
}
System.out.println(getName() + " ukoncene");
}
}

class DediThread {
public static void main(String args[]) {
System.out.println("'Hlavni vl.startuje');

MyThread mt = new MyThread('potomek");

do {
System.out.print(".");
try {
Thread.sleep(100); //zde je nutna kvalifikace
}

catch(InterruptedException exc) {
System.out.println("'Hlavni vl. prerusene");

}

} while (mt.count != 5);

System.out.println("Hlavni vl. konci'");

H
}



class MyThread implements Runnable { // pr. 6Vlakna spusteni vice vlaken
int count;
Thread thrd;

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

}

public void run() {
System.out.println(thrd.getName() + " startuje");
try {
do {
Thread.sleep(500);
System.out.println("Ve " + thrd.getName() +
", citac je " + count);
count++;
} while(count < 3);
}
catch(InterruptedException exc) {
System.out.println(thrd.getName() + " prerusene");
¥
System.out.println(thrd.getName() + ' ukoncene');
}
}

class ViceVlaken {
public static void main(String args[]) {
System.out.println("Hlavni vlakno startuje');

MyThread mtl = new MyThread("potomek1");
MyThread mt2 = new MyThread("potomek2'");
MyThread mt3 = new MyThread('"potomek3");

do {
System.out.print(".");

try {
Thread.sleep(100);

}
catch(InterruptedException exc) {
System.out.println("'Hlavni vlakno prerusene'");
}
} while (mtl.count <3 ||
mt2.count <3 ||
mt3.count < 3);

System.out.printin("'Hlavni vl. konci');

}
}



class MyThread extends Thread { // pr 6a Spusteni vice vlaken
int count;

MyThread(String name) {
super(name);
count = 0;
start(); // start

}

public void run() {
System.out.println(getName() + " startuje');
try {
do {
Thread.sleep(500);
System.out.println("Ve " + getName() +
", citac je " + count);
count++;
} while(count < 3);
}
catch(InterruptedException exc) {
System.out.println(getName() + " preruseny');
}
System.out.println(getName() + " ukonceny");
}
}

class ViceVlaken {
public static void main(String args[]) {
System.out.println("Hlavni vlakno startuje'");

MyThread mtl = new MyThread('"potomek1");
MyThread mt2 = new MyThread('"potomek2');
MyThread mt3 = new MyThread("potomek3');

do {
System.out.print(".");
try {
Thread.sleep(100);
}
catch(InterruptedException exc) {
System.out.println(""Hlavni vlakno prerusene");
}
} while (mtl.count <3 ||
mt2.count <3 ||
mt3.count < 3);

System.out.println("Hlavni vl. konci');

}
}



Identifikace ukonéeni ¢innosti vlaken
-nejcastéji k zastaveni dojde dobéhnutim metody run( )

-stav lze testovat metodou isAllive()
tvaru: final boolean isAllive()
? jak vyuzit v modifikaci predchozich programu? Viz poznamka

-¢ekanim na skonceni jiného vlikna vyvolanim metody join()
tvaru: final void join( ) throws InterruptedException

Napf¥.

Thread t = new Thread(m);

t.start( ); // zahaji cinnost

//rodic neco dela

t.join( ); /rodic ceka na skonceni t

// rodic pokracuje po skonceni t

-existuje alternativa ¢ekani na skonceni vlakna, informujici, Ze se ¢eka na jeho konec
Thread t = new Thread(m);
t.start( ); // zahaji cinnost
//rodic neco dela
t.interrupt( ) ; /oznamuje t, ze na nej cekame, predcasne ho probudi
t.join( ); /rodic ceka na skonceni t
// rodic pokracuje po skonceni t

-existuje alternative pro timeout t.join(milisekundy)

Poznamka:
V main

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

System.out.println("Main thread ending.");
}
}



//Pr T7aVlakna pouziti join
class MyThread extends Thread {
int count;
MyThread(String name) {
super(name);
count =0;
start(); // start
}
public void run() {
System.out.println(getName() + " startuje');
try {
do {
Thread.sleep(500);
System.out.println("Ve " + getName() +
", citac je " + count);
count++;
} while(count < 3);
}
catch(InterruptedException exc) {
System.out.println(getName() + " preruseny');
}
System.out.println(getName() + " konci");
}
}

class Join {
public static void main(String args[]) {
System.out.println("Hlavni vlakno startuje");

MyThread mtl = new MyThread("potomek1");
MyThread mt2 = new MyThread("potomek2");
MyThread mt3 = new MyThread("potomek3");

try {
mt3.join();
System.out.println("'potomek3 joined.");
mt2.join();
System.out.println("'potomek?2 joined.");
mtl.join();
System.out.println("'potomekl1 joined.");

3

catch(InterruptedException exc) {
System.out.println(''Hlavni vlakno prerusene'");

}

System.out.println("'Hlavni vl. konci'");

}
}



Pr. 7Vlakna

CASSINy TR aNmpICMEnSIRMANABIGY //MyThread ma tvar jako v pf. 6

int count;

Thread thrd;

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

}

public void run() {
System.out.println(thrd.getName() + " startuje');

try {
do {

Thread.sleep(500);
System.out.println("Ve " + thrd.getName() + ", citac je " + count);
count++;

} while(count < 3);

}

catch(InterruptedException exc) {
System.out.println(thrd.getName() + " preruseny');

}

System.out.println(thrd.getName() + " konci"');

}
}

class

Join {

public static void main(String args[]) {
System.out.println ("Hlavni vlakno startuje");

MyThread mtl = new MyThread("potomekl") ;

MyThread mt2

new MyThread ("potomek2") ;

MyThread mt3 = new MyThread ("potomek3") ;

try {

}

mtl. thrd. join() ;
System.out.println ("potomekl joined.");
mt2. thrd. join() ;
System.out.println ("potomek2 joined.");
mt3. thrd. join () ;
System.out.println ("potomek3 joined.");

catch (InterruptedException exc) {

}

System.out.println("Hlavni vlakno preruseno") ;

System.out.println("Hlavni vl. konci");



Priorita vlaken

Vysoka priorita = hodné ¢asu procesoru

Nizka priorita = méné ¢asu procesoru

Implicitné je pridélena priorita potomkovi jako ma nadrizeny process
Zménit Ize prioritu metodou setPriority

final void setPriority(int cislo)

Min_Priority < cislo > Max_Priority
1 .. 10

Norm_Priority =5

= ZjiSténi aktualni priority provedeme metodou
final int getPriority()



class Priority extends Thread { //Pr.8aVlakna - projevi se v OS s Time-Slicing
int count;
static boolean stop = false;
static String currentName;
Priority(String name) {
super(name);
count =0;
currentName = name;
}
public void run() {
System.out.printin(getName() + " start ");
do {
count++;
if(currentName.compareTo(getName()) !=0) {
currentName = getName();
System.out.println(""Ve " + currentName);
}
} while(stop == false && count < 50); /dvé moznosti ukonceni béhu vlakna
stop = true; //pokud skon¢ilo jedno, tak pak skon¢i i druhé
System.out.println('""\n" + getName() + " konci'");
}
}

class Priorita {
public static void main(String args|]) {
Priority mt1 = new Priority("'Vysoka Priorita"); /JVM to muZe, ale nemusi respektovat
Priority mt2 = new Priority('"'Nizka Priorita'");

/I nastaveni priorit

mtl.setPriority(Thread. NORM_PRIORITY+2);

mt2.setPriority(Thread. NORM_PRIORITY-2);

/I start vlaken

mtl.start();

mt2.start();

try {
mtl.join(); /main ¢eka na ukonceni
mt2.join();

}

catch(InterruptedException exc) {
System.out.println("'Hlavni vlakno konci');

}

System.out.println("'Vlakno s velkou prioritou nacitalo " +
mtl.count);

System.out.println("'Vlakno s malou prioritou nacitalo " +
mt2.count);



{ //Pr. 8Vlakna
int count; // KaZdy objekt ze t#idy Priority ma& &itadé& a vlékno
Thread thrd;
static boolean stop = false;
static String currentName;

Priority(String name) {
thrd = new Thread(this, name) ;
count = 0;
currentName = name;
}
public void run() ({
System.out.println(thrd.getName() + " start ");
do {
count++;

if (currentName.compareTo (thrd.getName()) != 0) {
currentName = thrd.getName () ;
System.out.println("V " + currentName) ;
}
} while(stop == false && count < 500);
stop = true;
System.out.println("\n" + thrd.getName() + " terminating.");

}

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

Priority mtl = new Priority("Vysoka Priorita");
Priority mt2 = new Priority("Nizka Priorita");
// nastaveni priorit
mtl.thrd.setPriority (Thread.NORM PRIORITY+2) ;
mt2.thrd.setPriority (Thread.NORM PRIORITY-2) ;
// start vlaken
mtl. thrd.start() ;
mt2.thrd.start () ;

try {
mtl.thrd. join() ;
mt2.thrd. join() ;

}

catch(InterruptedException exc) ({
System.out.println("Hlavni vlakno preruseno") ;

}

System.out.println("Vlakno s velkou prioritou nacitalo " +
mtl.count) ;

System.out.println("Vlakno s malou prioritou nacitalo" +
mt2.count) ;



Pt 81Vlakna Ilustruje rychlostni zavislosti vypoctu Vypousténim sleep simuluji razné rychlosti
class Konto { static int konto = 1000;}
class Koupe extends Thread {
Koupe(String jmeno) {
super(jmeno);
}
public void run() {// vstupni bod vlakna
System.out.println(getName() + " start.");
int lokal;
try {
lokal = Konto.konto;
System.out.printin(getName() + " milenkam ");
sleep(100);/////111T1H1HTTTTTTTTTTTTTTTT
Konto.konto = lokal - 200;
System.out.printin(getName() + " ukoncene.");

}
catch (InterruptedException e) {}

33
class Prodej extends Thread {
Prodej(String jmeno) {
super(jmeno);
}
public void run() { // vstupni bod vlakna
System.out.println(getName() + " start.");
int lokal;
try {
lokal = Konto.konto;
System.out.println(getName() + " co se da ");
sleepO0)s/////1111THHHTTTTTTTTTTTTT]
Konto.konto = lokal + 500;
System.out.println(getName() + " ukoncene.);

}
catch (InterruptedException e) {}

3
class RZ {
public static void main (String args[])

throws InterruptedException {
System.out.println("'Hlavni vlakno startuje');
Koupe nakup = new Koupe(''kupuji');
Prodej prodej = new Prodej ("prodavam');
nakup.start();
prodej.start();
Thread.sleep(500); // zajisti, Ze nakup i prodej skoncil
System.out.printin(Konto.konto);
System.out.println("'Konci hlavni vlakno');

bl



Kritické sekce
(feSeni problému sdileni zdroji formou vzajemného vylouceni soucasného pristupu)

e metoda s oznacenim synchronized uzamkne objekt pro ktery je volana

e jina vlikna pokousejici se pouzit synchr. metodu uzamceného objektu musi ¢ekat ve
fronté

o kdii proces opusti sinchr. metodu, obi'ekt se odemkne

(Kazdy objekt Javy je vybaven zamkem, ktery musi vlikno vlastnit, chce-li provést
synchronized metodu na objektu.)

napf. class Queue {
public synchronized int vyber(){ ...}
public synchronized void uloz(int co){ ...}

}

e synchronizovany pfikaz tvaru
synchronized (vyraz s hodnotou objekt) prikaz

zamkne pristup k objektu nad kterym pracuje. Objekt musi systém vybavit frontou pro
metody, které chtéji s objektem pracovat.

Komunikace mezi vlakny
(Fesi situaci, kdy metoda vlakna potiebuje pristup k do¢asné nepristupnému zdroji

- miiZe ¢ekat v né€jakém cyklu (neefektivni vyuZziti objektu nad nimZ pracuje)
- miiZe se zieknout kontroly nad objektem a jinym vlakniim umoZnit ho pouZzivat,
musi jim to ale dat na védomi

Kooperace procesi zajiSt'uji metody:

e wait() vlakno prejde do stavu blokovany a _
verze:
final void wait( ) throws InterruptedException
final void wait(long milisec ) throws InterruptedException
final void wait(long milisec, int nonosec) throws InterruptedException

o final void notify() ozivi vlakno z ¢ela fronty na objekt

o final void notifyAll() ozZivi v§echna vlikna narokujici si pristup k objektu

mohou byt volany jen ze synchronized metod, jsou dédény z pratiidy Object



Pr. Semafor jako ADT v Javé

class Semafor {
private int count;

public Semafor(int initialCount) {
count = initialCount;

}

public synchronized void cekej() {
try {
while (count <= 0 ) wait( ); /musi byt nedélitelné nad instanci semaforu
count--;

3
catch (InterruptedException e) { }

}

public synchronized void uvolni( ) {
count++;
notify();



Pt. 82Vlakna Odstranéni rychlostnich zavislosti z pi.81. Vysledek na ¢asu sleep nezavisi
class Konto { // instance z tfidy Konto udelame monitorem
private int konto;
public Konto(int i){ konto =i;}
public int stav() {return konto;} //neni sychronized
public synchronized void vyber(int kolik) {
int lokal; /pro zachovani podminek jako u RZ
try { lokal = konto;
Thread.sleep(100);//////111111111THITHTTTHHHTTTTTT
konto = lokal - kolik; notify();
} catch (InterruptedException e) {}
}
public synchronized void vloz(int kolik) {
int lokal;
try { lokal = konto;
Thread.sleep(300);//////111111111TTHTTTTHHTHITHIITIITT
konto = lokal + kolik; notify();
} catch (InterruptedException e) {}
3}
class Koupe extends Thread {
private Konto k;
Koupe(Konto x, String jmeno) { super(jmeno); k =x; }
public void run() {// vstupni bod vlakna
System.out.println(getName() + " start.");
k.vyber(200);
System.out.println(getName() + "' ukoncene.');
3
class Prodej extends Thread {
private Konto k;
Prodej(Konto x, String jmeno) { super(jmeno); k = x; }
public void run() {// vstupni bod vlakna
System.out.println(getName() + " start.");
k.vloz(500);
System.out.printin(getName() + " ukoncene.");
3
class Konta {
public static void main (String args[]) throws InterruptedException {
System.out.println("'Hlavni vlakno startuje");
Konto meKonto = new Konto(1000);//vytvarim konto, mohu jich udélat i vic
Koupe nakup = new Koupe(meKonto," nakupuji ");
Prodej prodej = new Prodej (meKonto, " prodavam ");
nakup.start();
prodej.start();
Thread.sleep(500);
System.out.printin(meKonto.stav());
System.out.println(''Konci hlavni vlakno');

3}



Kazdé vlakno je instanci tfidy java.lang.Thread nebo jejiho potomka

Thread ma metody:

run() je vzdy prepsana v potomku Thread, udava ¢innost vlikna
start() spusti vlakno (tj. metodu run) a volajici start pak pokracuje ve vypoctu.
Metoda run neni pfimo spustitelna

yield() odevzdani zbytku pridéleného ¢asu a zaiazeni do fronty na procesor
sleep(milisec) zablokovani vlakna na dany ¢as. Interval

isAllive( ) bézi-li, vraci true, jinak false

join()

getPriority

setPriority

final void notify()  ozivi vlikno z ¢ela fronty na objekt

final void notifyAll() oZzivi v§echna vlikna narokujici si pristup k objektu

...adalsi cca 20

stavy vlaken:

e nové

e pripravené
o bézici

e blokované
e mrtvé

Planovac vybere z fronty pripravenych vlakno s nejvyssi prioritou
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new —” thread

start

runnable

skon¢enim vlakna v join,
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yield pridélen
procesor
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Obr. Pfechody mezi stavy vlakna Javy




import java.io.*;  // pr. 9Vlakna. Producent uklada do bafru, konzument z néj vybira
class Queue { private int [| que; // Bafr ma podobu kruhové fronty realizované polem
private int nextIn, nextOut, filled, queSize;
public Queue(int size) {
que = new int [size];
filled = 0; //zaplnénost bafru
nextln =1; //kam vkladat
nextOut = 1; //odkud vybirat
queSize = size;
} // konec konstruktoru

public synchronized void deposit (int item) {
try {
while (filled == queSize)
wait();
que [nextIn] = item;
nextln = (nextIn % queSize) + 1;
filled++;
notify(); //budi vlikno konzumenta a uvoliiuje monitor
} //konec try
catch (InterruptedException e) {
System.out.println("int.depos'');
3
} //konec deposit
public synchronized int fetch() {
int item = 0;
try {
while (filled == 0)
wait();
item = que [nextOut];
nextQut = (nextOut % queSize) + 1;
filled--;
notify(); /budi vlakno producenta a uvoliiuje monitor
} //konec try
catch(InterruptedException e) {
System.out.println("int.fetch');
3
return item;
} //konec fetch
} //konec tridy Queue



class Producer extends Thread { //producent ¢te z klavesnice a uklada do bufru
private Queue buffer;
public Producer(Queue que) {
buffer = que;
}
public void run() {
int new_item = (; // neprelozi bez inicializace
opakuj: while (new_item > -1) { /*ukoncime-1 nebo
zapornym cislem*/
try {//produkce
byte[] vstupniBuffer = new byte[20];
System.in.read(vstupniBuffer);
String s = new String(vstupniBuffer).trim();
new_item = Integer.valueOf(s).intValue();
}
catch (NumberFormatException e) { // kdyZ ¢islo neni spravné zapsané
System.out.println(''nebylo to dobre");
continue opakuj;
}
catch (IOException e) {//zachytava nepripr.klavesnici
System.out.println("'chyba cteni');
}
buffer.deposit(new_item);
}
}
}

class Consumer extends Thread { //konzument vybira idaj z bufru a tiskne ho
private Queue buffer;
public Consumer(Queue que) {
buffer = que;
}
public void run() {
int stored_item = 0; //chce inicializaci
while (stored_item > -1) {/*ukoncime -1 nebo
minus cislem*/
stored_item = buffer.fetch();
System.out.println(stored_item); //konzumace

}



public class P_C {
public static void main(String [] args) {
Queue buffl = new Queue(100);
Producer producerl = new Producer(buffl);
Consumer consumerl = new Consumer(buffl);
producerl.start();
consumerl.start();



Paralelismus na arovni prikaza jazyka

Occam

parbegin S1; S2; ... Sn; parend;

High performance Fortran

ZaloZen na modelu SIMD:
e vypocet je popsan jednovlaknovym programem
e proménné (obvykle pole) Ize distribuovat mezi vice procesori
o distribuce, pfistup k proménnym a synchronizace procesortii je
zabezpecena kompilatorem

REAL DIMENSION (1000, 1000) :: A, B
INTEGER I, J

DOI=2,N
POJ=1,1-1
AL J) =A@, J) /A, T)
END DO
END DO

FORALL (I=2:N,J=1:N,J.LT.1) AL J)=A(, J)/Ad,I)

FORALL predstavuje zobecnény prirazovaci prikaz (a ne smycku)
FORALL lze pouzit, pokud je zaruceno, Ze vysledek seriového i paralelniho
zpracovani budou identické.



Paralelismus na urovni programu

Pouze cely program miiZe byt paralelni aktivitou.
Fork prikazem Unixu vznikne potomek — presna kopie volajiciho procesu

#define SIZE 100
#define NUMPROCS 10
int a[SIZE] [SIZE], b[SIZE] [SIZE], ¢[SIZE] [SIZE];

void multiply(int myid)
{inti, j, k;
for (i = myid; i < SIZE; i+= NUMPROCYS)
for (j =0; j <SIZE; ++j)
{ clillj] = 0;
for (k =0; k < SIZE; ++k)
clil[j] += alil[k] * bIKI[jl;
3
}

main()
{ int myid;
/* prikazy vstupu a, b */
for (myid = 0; myid < NUMPROCS; ++myid)
if (fork() == 0)
{ multiply(myid);
exit(0);}
for (myid = 0; myid < NUMPROCS; ++myid)
wait(0);
/* prikazy vystupu c */
return 0;

}



