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@ Vlakna
@ Multithreading
@ Sdileni prostredk

@ Synchronizace
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Proces
@ spustény program s vlastnim adresovym prostorem

Viakno (podproces)
@ nezavisla vedlejsi uloha
@ spusténa v kontextu procesu
@ sdili adresovy prostor procesu

Multithreading
@ technika rozdéléni béhu programu na vice podprocesl
@ typicky pro oddéleni Casti programu, které jsou vazané na
prostiedky
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Proces a vlakna

Process

Threads
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@ vlakna jsou reprezentovana objekty

@ kazdé vlakno ma svuj jedinecCny identifikator (pfidélen pfi
vytvoreni)

@ vlakno muze mit svij nazev
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Prace s vlakny

Balik java.lang
® Thread
® Runnable

Reprezentace vlakna
@ instance tfidy Thread (ev. odvozenych tfid)

Vytvoreni objektu, ktery reprezentuje béh viakna
@ rozsitenim (dédi¢nost) tfidy Thread
@ implementaci rozhrani Runnable
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Trida Thread

Metody
@ start ()
@ inicializace vlakna
@ vola metodu run ()
@ odvozena tfida neprekryva tuto metodu!
@ run|()
@ kod vlakna
@ odvozena tfida pfekryva tuto metodu
® sleep(long millis)
@ uspani vlakna na dany pocet milisekund
@ vyjimka InterruptedException
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Ukazka SimpleThread

public class SimpleThread extends Thread {
public SimpleThread(String str) {
super (str) ;

}

public void run() {
for (int i = 0; 1 < 10; i++) {
System.out.println(i + " " + getName());
try {

sleep((long) (Math.random() * 1000));
} catch (InterruptedException e) {}

}
System.out.println ("DONE! " + getName ()) ;
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Ukazka SimpleThread

public class TwoThreadsDemo {
public static void main (String[] args) {
new SimpleThread("Jamaica") .start();
new SimpleThread ("Fiji") .start();
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Rozhrani Runnable

Metody
@ run|()

o kdd vldkna
@ implementujici tfida musi implementovat tuto metodu

Implementujici tfida
@ neni vlakno
@ informace, Ze instance tfidy definuje chovani viakna
@ pro spusténi vlakna potfebuje tfidu Thread
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Ukazka Clock

public class Clock extends Applet
implements Runnable {
private Thread clockThread = null;
public void start () {
if (clockThread == null) {
clockThread = new Thread(this, "Clock");
clockThread.start () ;

}
public void paint (Graphics g) {

//get the time and convert it to a date

g.drawString (dateFormatter.format (date), 5, 10)
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Ukazka Clock

public void run() {
Thread myThread = Thread.currentThread();

while (clockThread == myThread) {
repaint () ;
try { Thread.sleep(1000); }
catch (InterruptedException e) {

//the VM doesn’t want us to sleep anymore,

//so get back to work

}

//overrides Applet’s stop method, not Thread’s

public void stop () {
clockThread = null;

12/ 55

Seminar Java — Paralelismus

Radek Ko¢i




Trida Thread nebo rozhrani Runnable

@ hodné tfid potrebuje dédit (rozSifovat) jinou tfidu
public class Clock extends Applet
implements Runnable {

}

@ Java neumoznuje vicenasobnou dédi¢nost

@ = rozhrani Runnable
clockThread = new Thread(this, "Clock");
clockThread.start ();
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Zivotni cyklus vlakna

runnable

The run method terminates
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Zivotni cyklus vlakna

Vytvoreni
@ new Thread(this, "Clock")

Spusténi
@ start ()
@ kod vlakna v metodé run () (Thread nebo Runnable)

Ukonceni
@ prirozenym dobéhnutim metody run ()
@ existuji i jiné metody, ty se ale nedoporucuji (deprecated)
@ stop()

@ destroy()
@ suspend (), resume ()
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Zivotni cyklus vlakna

Test stavu vlakna
@ isAlive()
@ = true pokud bylo vidkno spusténo a nebylo ukonceno
(neni dead)

® = false pokud vlakno nebylo spusténo, nebo bylo
ukonceno (je dead)
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Zivotni cyklus vlakna

Pozastaveni (stav not runnable)
@ sleep(...)
@ wait ()
@ pfi i/o operaci

Uvolnéni (stav runnable)
@ uplynuti doby Cekani (viz sleep (.. .))
® notify (), notifyAll ()
@ dokonceni pfi i/o operace
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Chovani vlaken zavisi na jejich interni reprezentaci.

Native threads
@ vlakna operacniho systému
@ vice procesoru
@ preemtivni planovani

Green threads
@ vlakna na urovni JVM
@ jeden procesor
@ vlakno se musi pfepnout samo
@ jiZ nejsou moc bézna
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Planovani vliaken

Jedna CPU
@ provadeni vlaken se musi planovat
@ planovac v Jave je fixed-priority scheduling

@ planuje vlakna na zakladeé jejich priority relativné k
ostatnim vlaknim

Priorita
@ vlakno dédi prioritu vliakna, ve kterém bylo vytvoreno
@ Cteni/zména priority: getPriority (), setPriority ()

@ rozsah: Thread .MIN PRIORITY —
Thread.MAX PRIORITY
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Planovani vliaken

Planovac
@ vybere vlakno (runnable) s nejvyssi prioritou
@ pokud je jich vice se stejnou prioritou, vybere
nahodné/spravedlivé

Vlakno bézi dokud se nestane:
@ na systému s time-slicing ubéhne pfidélené Casové
kvantum
@ jiné vlakno s vyssi prioritou prejde do stavu runnable
@ skonc¢i metoda run ()
@ vlakno se vzda procesoru

@ vlakno se dobrovolné vzda procesoru — zprava yield ()
= Sance pro ostatni vlakna na stejné priorité
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Thread Thread.currentThread()
@ vrati pravé bézici viakno (objekt)
setName / getName
@ kazdé vlakno maze mit své jméno
long getId()
@ kazdé vlakno ma svuj jedinecny identifikator
Thread.State getState()
@ vraci stav vldkna
@ enum Thread.State

Radek Ko¢i Seminar Java — Paralelismus 21/55



enum Thread.State

NEW — vlakno pouze vytvoreno
RUNNABLE - bézici vlakno
BLOCKED - vlakno ¢eka na monitoru

WAITING — vlakno ¢eké na jiné vlakno / operaci (Casove
neomezeno)

TIMED_WAITING — vlakno ¢eka na jiné vlakno (Casové
omezeno)

TERMINATED - vilakno bylo ukonéeno
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Thread — stavy vlakna

WAITING
@ Object.wait ()
® Thread. join()
@ LockSupport.park()
@ |/O operace

TIMED_WAITING
@ Object.wait (long)
® Thread. join(long)
® Thread.sleep(long)
@ LockSupport .parkNanos (long)
@ LockSupport.parkUntil (long)

java.util.concurrent.locks.LockSupport
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Skupina vlaken

java.lang.ThreadGroup
@ vlakno patfi vzdy k néjaké skupiné
@ existuje implicitni systémova skupina
@ skupiny tvofi stromovou hierarchii
@ prislusnost ke skupiné je neménna
@ vlakno implicitné "dédi” skupinu vytvarejiciho viakna
°

Thread.currentThread () .getThreadGroup ()
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Synchronizace vlaken

Problém producent—konzument
@ jedno vlakno (producent) zapisuje na sdilené misto data
@ druhé vlakno (konzument) tato data cte
@ operace zapis/Cteni se musi stfidat!

Ukazkovy priklad
@ tfida Producer — producent
@ tfida Consumer — konzument
@ tfida cubbyHole — sdileny prostor (metody get a put)
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Producent—konzument: Producent

public class Producer extends Thread {
private CubbyHole cubbyhole;

public Producer (CubbyHole c) {
cubbyhole = c;

public void run() {
for (int i = 0; i < 10; i++) {
cubbyhole.put (1) ;
try {
sleep ((int) (Math.random() * 100
} catch (InterruptedException e)
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Producent—konzument: Konzument

public class Consumer extends Thread {
private CubbyHole cubbyhole;

public Consumer (CubbyHole c) {
cubbyhole = c;

public void run()

int value = 0;

for (int i = 0; 1 < 10; i++) {
value = cubbyhole.get ();

{
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Producent—konzument: CubbyHole

public class CubbyHole {
private int contents;

public int get () {

return contents;

public int put (int value) {
contents = value;
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Producent—konzument: mozné problémy

Producent je rychlejsi
@ konzument maze “"propasnout” Cisla

Konzumer je rychlejsi
@ konzument Cte stejné Cislo vicekrat

= race condition

@ dvé (pfip. vice) vlakna ¢tou/zapisuiji sdilena data; vysledek
zavisi na Casovani (jak jsou vlakna planovana)
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Producent—konzument: mozné problémy

= race condition

@ dvé (pfip. vice) vlakna ¢tou/zapisuji sdilena data; vysledek
zavisi na ¢asovani (jak jsou vlakna planovana)

Nutna synchronizace:
@ vlakna nesmi soucCasné pristoupit ke sdilenému objektu
@ producent musi indikovat, ze hodnota je pfipravena;
nezapisuje dokud si hodnotu neprecCte konzument
@ konzument musi indikovat, Ze precetl hodnotu; necte
dokud producent nezapise novou hodnotu
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Monitor
@ kritické sekce
@ uzamceni objektu pfi pristupu ke kritické sekci
@ pokud je objekt uzamcen, nikdo jiny nemU(ze pristupovat je
kritickym sekcim objektu
@ odemknuti objektu pfi vystupu z kritické sekce

Monitor v Javé (intrinsic lock)
@ soucasti kazdého objektu (tfida object)
@ klicové slovo synchronized

Kriticka sekce v Javé

@ metoda
@ blok
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Producent—konzument: CubbyHole

public class CubbyHole {
private int contents;

private boolean available = false;
public synchronized int get() {

//CubbyHole locked by the Producer

// CubbyHole unlocked by the Producer
}

public synchronized int put (int value) {

// CubbyHole locked by the Consumer

// CubbyHole unlocked by the Consumer
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Zamek: reentrantni

public class Reentrant {
public synchronized void a() {
b();
System.out.println("here I am, in a()");

public synchronized void b () {
System.out.println("here I am, in b()");
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Producent—konzument: CubbyHole

public class CubbyHole {
private int contents;

private boolean available = false;
public synchronized int get () {
if (available == true) {
available = false;

return contents;

}

public synchronized int put (int wvalue)

if (available == false) {
available = true;
contents = value;
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Producent—konzument: synchronizace

Nutna synchronizace:
@ vlakna nesmi soucCasné pristoupit ke sdilenému objektu
@ producent musi indikovat, Ze hodnota je pfipravena
@ konzument musi indikovat, ze precetl hodnotu
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Producent—konzument: synchronizace

Nutna synchronizace:
@ vlakna nesmi soucCasné pristoupit ke sdilenému objektu
@ producent musi indikovat, Ze hodnota je pfipravena
@ konzument musi indikovat, ze precetl hodnotu

@ producent nezapisuje dokud si hodnotu neprecte
konzument

@ konzument necte dokud producent nezapise novou
hodnotu
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Synchronizace vlaken (tfida Object)

wait ()

@ aktualni vlakno bude Cekat, dokud se nezavola notify ()
(notifyAll ()) nad objektem

wait (long timeout)
@ ...nebo neuplyne timeout

notify ()
@ vzbudi jedno vlakno ¢ekajici na monitoru objektu

notifyAll ()
@ vzbudi vSechna vlakna Cekajici na monitoru objektu
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Synchronizace vlaken (tfida Object)

wait (),
@ pred suspendovanim viakna se odemkne monitor
@ pokud vlakno vlastni vice monitortl, odemkne se pouze
monitor daného objektu
notify (),
@ fizeni neni okamzité predano vzbuzenému viaknu

Tyto metody mlZe volat pouze to vlakno, které je vlastnikem
monitoru

@ vstoupeni do kritické sekce (synchronized)— metoda,
blok
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Producent—konzument: CubbyHole

public synchronized int get () {
while (available == false) {
try {
// wait for Producer to put value
wait () ;
} catch (InterruptedException e) { }
}

available = false;
// notify Producer that value has been
// retrieved

notifyAll();

return contents;

Radek Ko¢i Seminar Java — Paralelismus 37/ 55



Producent—konzument: CubbyHole

public synchronized void put (int value) {
while (available == true) {

try |
// wait for Consumer to get value

wait () ;
} catch (InterruptedException e) { }

}

contents = value;
available = true;

// notify Consumer that value has been set
notifyAll();
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Synchronizace vlaken — efektivita

Pfi uzamceni objektu se zvysi naklady na rezii
@ uvazit zménu navrhu
@ pouzit zamek (synchronized) na konkrétni objekt
@ neodbyt soubézny pfistup synchronizaci vSech metod
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Synchronizace vlaken

Blok jako kriticka sekce
@ stejny princip synchronizace
@ metody se nemusi deklarovat jako synchronizované

@ deklaruje se objekt, jehoz monitor se pouzije pfi obsluze
kritické sekce

synchronized (cybbyhole) {
cybbyhole.put (i) ;
}

synchronized (cybbyhole) {
value = cybbyhole.get();
}
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Preruseni viakna

Operace interrupt () (Thread)
@ je nastaven priznak
@ prerusitelné operace (sleep (), ...) testuji tento pfiznak

VlIakno je bézici
@ pouze se nastavi pfiznak
@ |ze otestovat (isInterrupted())

Viakno je Cekajici
@ je nastaven priznak

@ vlakno se rozbéhne a vygeneruje se vyjimka
(InterruptedException)
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Viditelnost proménné

Viditelnost sdilené proménné
@ zmeéna hodnoty se nemusi projevit okamzité (optimalizace)
® = kliCové slovo volatile
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Pro¢ nepouzivat stop() a suspend()?

stop()
@ uvolni vSechny monitory blokované viaknem

@ nebezpedi pristupu k objektim v nekonzistentnim stavu
@ = prirozené ukonceni metody run ()

suspend (), resume ()
@ suspenduje/uvolni viakno

@ suspendované vliakno drzi monitor (viz kriticka sekce);
vlakno, které ho ma uvolnit (viz resume), musi vstoupit do
této sekce = dead-lock

@ = wait (),notify ()

vice na
http://java.sun.com/j2se/1.5.0/docs/guide/misc/
threadPrimitiveDeprecation.html
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Explicitni zamky

java.util.concurrent. locks
@ rozhrani Lock, Condition, ReadWriteLock
@ tfidy ReentrantLock, ReentrantReadWriteLock
@ tfida ReentrantReadWriteLock.ReadLock
@ tfida ReentrantReadWriteLock.WriteLock
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public interface Lock {

void lock () ;

void lockInterruptibly ()
throws InterruptedException;

boolean tryLock();

boolean tryLock (long timeout, TimeUnit unit)
throws InterruptedException;

void unlock () ;

Condition newCondition () ;
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ReentrantLock implements Lock

Lock lock = new ReentrantLock();

lock.lock () ;

try |

} finally |
lock.unlock () ;

}
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Lock a Condition

public interface Condition {

void

await () throws InterruptedException;

boolean await (long time, TimeUnit unit)

long

void

long

void
void

throws InterruptedException;
awaitNanos (long nanosTimeout)
throws InterruptedException;
awaitUninterruptibly ()
throws InterruptedException;
awaitUntil (Date deadline)
throws InterruptedException;
signal () ;
signalAll();
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Vztah zamku a JVM

Intrinsic locks

@ méné flexibilni

@ JVM vi o vztahu vldkna a zamku
Explicit locks

o flexibilni
@ JVM nevi o vztahu vlakna a zamku
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Synchronizované struktury

java.util.concurrent
® BlockingQueue
® SynchronousQueue
@ Semaphore
o ...

private BlockingQueue cubbyhole;
cubbyhole.put (i) ;
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Synchronizované kolekce

Statické metody tfidy Collections
@ XXX synchronizedXXX (XXX c);
@ Collection synchronizedSet (Collection c);
® Map synchronizedMap (Map c);
o ...
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Synchronizované kolekce

public class SynchronDemo {
public static void main (String[] args) {
List seznam = new ArraylList();
seznam.add (new Integer (20));

Iterator 1 = seznam.iterator();
// Simulace soubezne akce jineho vlakna!!
seznam.remove (new Integer (20));

//

Integer ¢ = (Integer) i.next();

Vyjimka ConcurrentModificationException

Radek Ko¢i Semi va — Paralelismus 51/55



Synchronizované kolekce

Synchronization wrapper

public class SynchronDemo2 {
public static void main(String[] args) {
List seznam = Collections.
synchronizedList (new ArrayList ());

seznam.add (new Integer (20));
synchronized (seznam) {

Iterator 1 = seznam.iterator();
Integer ¢ = (Integer) i.next();
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SynchronizedCollection

static class SynchronizedCollection<E> ... {
Collection<E> c; // Backing Collection
Object mutex; // Object on which to

// synchronize

SynchronizedCollection (Collection<E> c) {
this.c = ¢;
mutex = this;
}
SynchronizedCollection(Collection<E> c,
Object mutex)

this.c = ¢;
this.mutex = mutex;
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SynchronizedCollection

public boolean add(E o) {
synchronized (mutex) {return c.add(o);}

public Iterator<E> iterator () {
return c.iterator();

// Must be manually synchronized by user!
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Zdroje informaci

http://download.oracle.com/javase/
tutorial/essential/

http://www. javaworld.com
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