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Ulohy a vlakna
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Ulohy a vldkna

o Uloha vs. vldkno

= Uloha - co se vykonava (Runnable, Callable)
= vldkno - kdo ulohu vykonava (Executor/Future/TPE/...)

e Oddéleni uloh od vldken
= Uloha nesmi pfedpokladat nic o chovani vldkna, které ji vykonava
= Politika ukon¢eni vs. politika pferuseni

(ptiklady povétsinou pievzaty z JCiP, Goetz)
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Futures vs. CompletionService

e Problém: méame fadu odlozenych uloh (Future) a potfebujeme je v
poradi dokonceni, nikoli zaslani
1. opakované prochazeni seznamu a pouzivani
get (0, TimeUnit.SECONDS) ;
2. pouiijeme CompletionService
® CompletionService
L] kombinuje Executor d BlockingQueue
= submit () — Vkldddme ulohy pomoci
= take() apoll() — vybirdme dokoncené ulohy
= pfi prdzdné fronté dokonc¢nych Uloh se take () blokuje, po11 () vraci null



Ulohy a vlakna
oe

Futures vs. CompletionService

ArraylList<FileData> stahniSoubory (ArrayList<String> list) {
2 ArraylList<FileData> ald = new ArraylList<FileData>();
CompletionService<FileData> completionService =
4 new ExecutorCompletionService<FileData> (
new ThreadPoolExecutor(l, 10, 60, TimeUnit.SECONDS
6 new LinkedBlockingQueue<Runnable>()));
for (final String s : list) {
8 completionService.submit (new Callable<FileData>() {
public FileData call() throws Exception {
10 FileData fd = new FileData();
fd.s = s; fd.data = getFile(s);
12 return f£d;
}
14 b
}
16 try {
for (int i = 0, size = list.size(); i < size; i++) {
18 Future<FileData> f = completionService.take();
ald.add(f.get());
20 }
} catch (InterruptedException e) {
22 Thread.currentThread() .interrupt () ;
} catch (ExecutionException e) { launderThrowable (e.getCause()); }|
24 return ald;
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Futures vs. CompletionService

public static RuntimeException launderThrowable (Throwable t) {

2 if (t instanceof RuntimeException)
return (RuntimeException) t;
4 else if (t instanceof Error)

throw (Error) t;
6 else
throw new IllegalStateException ("Not unchecked", t);
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Ukoncovani a prerusovani pro pokrocilé

e Kooperativni ukoncovani vldken
= piiznakem proménné
= pferusenim —interrupt
= Thread.stop - deprecated
e DuUvody ukonceni vldkna

= uzivatelem vyvolané (GUI, JMX)

= Casové omezené Ulohy

= uddlosti uvnitf - nékolik vlaken hleda feSeni paralelné, jedno ho najde
= externi chyby

= ukonceni aplikace
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Ukoncovani a prerusovani pro pokrocilé

e Politika ukon¢ovani (cancellation policy)
= vyvojafem specifikovano pro kazdou tlohu (JavaDoc)
= jak? - jak se vyvoldva ukonceni?
= kdy? - kdy je mozné vlakno ukoncit?
= Co? - co bude tieba udélat pred ukon¢enim?

e Ukoncovani pfiznakem a/nebo prerusenim?
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Preruseni — interrupt

Mechanismus zasilani zpravy mezi vldkny

= sémanticky definovano jen jako signalizace mezi vlakny
= nastaveni ptiznaku

public class Thread {
public void interrupt() {...}
public boolean isInterrupted() {...}
public static boolean interrupted() {...}

Pozor na metodu interrupted()
= vrati a vymaZe stav priznaku
Zpracovani preruseni
= vyhozeni vyjimky InterruptedException
= predani ptiznaku dale
= polknuti pfiznaku
Typické metody na Interruptedexception
® wait, sleep, join
= blokujici operace na omezenych frontach (8lockingQueue x.put)
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Preruseni — interrupt

o Politiky preruseni
= specifikovano vyvojafem pro kazdé vlakno
= standardni chovani: uklid, dej védét vlastnikovi (TPE) a zmiz
= nestandardrni chovani: neni vhodné pro normalni ulohy
= vldkno mize potiebovat predat stav interrupted svému TPE
= Uloha by neméla predpokladat nic o politice vldkna, v némz bézi
« predat stav dal
¢ budthrow new InterruptedException();
¢ nebo Thread.currentThread() . interrupt () ;
napf. pokud je Uloha Runnable
= vlakno/TPE mUze nasledné interrupted pfiznak potiebovat
= specifikace: kdy?, jak?, dal3i predani?
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Preruseni — interrupt

Kombinace blokujicich operaci s politikou pferuseni a tlohy s
ukoncenim az na konci

public Task getNextTask (BlockingQueue<Task> queue) {
boolean interrupted = false;
try {
while (true) ({
try {
return queue.take();
} catch (InterruptedException e) {
interrupted = true;

}

}
} finally {

if (interrupted) Thread.currentThread() .interrupt();
}

= nesmime pfiznak interrupted nastavit pfed volanim take (), protoze by
volani hned skoncilo
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Omezeny béh - Futures

e Future MAa Mmetodu cancel (boolean mayInterruptIfRunnig)
® mayInterruptIfRunnig = true zZnamena, ze se ma bézici uloha pferuéit
= mayInterruptIfRunnig = false ZNAMENQ, Ze se pouze nema spustit,
pokud jesté nebézi
= vraci, zda se ukonceni povedlo
o Kdy muzeme pOUiIIt mayInterruptIfRunnig = true?
= pokud zname politiku preruseni vldkna
= pro standardni implementace Executor to je znamé a bezpecné
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Omezeny béh - Futures

public class FutureCancel {
ThreadPoolExecutor taskExec = new ThreadPoolExecutor (1,10, 60,
TimeUnit .SECONDS, new LinkedBlockingQueue<Runnable>());
public void timedRun (Runnable r, long timeout, TimeUnit unit)
throws InterruptedException {
Future<?> task = taskExec.submit (r);
try {
task.get (120, TimeUnit.SECONDS) ;
} catch (ExecutionException e) {
throw new RuntimeException (e.getMessage());
} catch (TimeoutException e) {
// uloha bude ukoncena nize
}
finally {
// neskodne, pokud ukloha skoncila,
// jinak interrupt
task.cancel (true);
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Neprerusitelna blokovani

e Existuji blokovani, kterd nereaguji na interrupt

o Pfiklady:

= synchronni soketové I/O v java.io

*

*

problém: metody read a write na InputStreama OutputStream
nereaguji na interrupt
fesenti: zavfit socket, visici ¢teni/zapis vyhodi socketException

= C¢ekani na ziskani monitoru (intrinsic lock)

*

problém: vlakno ¢ekajici na monitor (synchornized) nereaguje na
interrupt

feseni: neexistuje ,nasilné” fedeni pro monitory, musi se doc¢kat
obejiti: explicitni zdmky Lock podporuji metodu lockInterruptibly
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Neprerusitelna blokovani

e Dalsi vychytavky:
= synchronni|/O v java.nio
* preruseni vyhazi u viech zablokovanych vlaken
ClosedByInterruptException, pokud je kandl typu
InterruptibleChannel
* zavieni vyhazi u viech zablokovanych vldken
AsynchronousCloseException, pokud je kanal typu
InterruptibleChannel
= asynchronni I/O pfi pouziti Selector

¢ Selector.select vyhodi vyjimku ClosedSelectorException, pokud
obdrzi interrupt
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Neprerusitelna blokovani

[ ] Vyuiltll ThreadPoolExecutor.newTaskFor (callable)

= dostupné od Java 6

= Vvraci RunnableFuture pro danou ulohu
= piepsani newraskFor Umoznuje vlastni tvorbu RunnableFuture a tudiz
prepsat metodu cancel ()

# uzavieni synchronnich socketll pro java.io
+ statistiky, debugovani, atd.
= |ze napsat tak, Ze si Callable/Runnable doda vlastni implementaci
cancel ()
http://www. javaconcurrencyinpractice.com/
listings/SocketUsingTask. java


http://www.javaconcurrencyinpractice.com/listings/SocketUsingTask.java
http://www.javaconcurrencyinpractice.com/listings/SocketUsingTask.java
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Zastavovani vlaknovych sluzeb

e Problém dlouho bézicich vidken
= vldkna v exekutorech casto bézi déle, nez tvirce executor(
e VIdkno by mél zastavovat jeho ,vlastnik”
= vlastnik vlidken neni definovan formalné
= bere se ten, kdo ho vytvoril
= vlastnictvi neni transitivni (jako u objektt - princip zapouzdreni)
= vlastnik by mél poskytovat metody na fizeni Zivotniho cyklu
= pozadavek na ukonceni by mél byt signalizovan vlastnikovi
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Zastavovani vlaknovych sluzeb

public class LogWriter {

private final BlockingQueue<String> queue;
private final LoggerThread logger;
private volatile boolean shutdownRequested = false;

public LogWriter () throws FileNotFoundException {
this.queue = new LinkedBlockingQueue<String>();
this.logger = new LoggerThread(new PrintWriter ("mujSoubor"));
logger.start () ;

}

private class LoggerThread extends Thread {
private final PrintWriter writer;

private LoggerThread(PrintWriter writer) {
super ("Logger Thread");
this.writer = writer;

}

public void run() {
try {
while (true)
writer.println(queue.take());
} catch (InterruptedException ignored) {
} finally {
writer.close();

}
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Zastavovani vlaknovych sluzeb

public void stop() {
shutdownRequested = true;
logger.interrupt () ;

}

public void log (String msg) throws InterruptedException {
queue.put (msg);
} YR

D

V7 A (NS
e Potfeba ukonc¢ovat konzumenty i producenty
= konzument: run ()
= producent: 1og (String msg)
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Zastavovani vlaknovych sluzeb

public void loglLepe (String msg) throws InterruptedException ({
2 if (!shutdownRequested)

queue.put (msg);

4 else

throw new IllegalStateException("logger se ukoncuje");

e Ukon¢eni producenta
= jakpak zjistime jeho vlakno?
= nijak;-)
= UZje to spravné?
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Zastavovani vlaknovych sluzeb

public void loglepe (String msg) throws InterruptedException {
if (!shutdownRequested) <\ >

queue.put (msg); @
&=

throw new IllegalStateException ("logger se ukoncuje'");

else

e ... neni!
e Race condition

= slozené testovéni podminky a volani metody!
e Slozené zamykani

= testovani a rezervace v jednom synchronized bloku
= konzument testuje, ze zpracoval viechny rezervace
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Zastavovani vlaknovych sluzeb

public class SafeLogWriter {
private final BlockingQueue<String> queue;
private final LoggerThread logger;
@QGuardedBy ("this") private volatile boolean shutdownRequested
= false;
@GuardedBy ("this") private int reservations;

public void run() {
try {
while (true) {
synchronized (this) {
if (shutdownRequested && reservations == 0)
break;
}
String msg = queue.take();
synchronized (this) {--reservations;};
writer.println (msg);
}
} catch (InterruptedException ignored) {
} finally {
writer.close();

}
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Zastavovani vlaknovych sluzeb

public void log (String msg) throws InterruptedException ({

2 synchronized (this) {
if (shutdownRequested)

4 throw new IllegalStateException("logger se ukoncuje");
++reservations;

6 }
queue.put (msg);
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Zastavovani vlaknovych sluzeb

® ExecutorService
= proc nepouzit, co je hotovo?
® shutdown ()
+ pohodové ukonceni
+ dokonci se zafazené ulohy
8 shutdownNow ()
# vraci seznam uloh, které jesté nenastartovaly
* problém, jak se dostat k seznamu uloh, které nastartovaly, ale byly
ukonceny
= nemd metodu, kterd by umoznila dokoncit bezici ulohy a nové uz
nestartovala
= zapouzdreni do vlastniho ukon¢ovani:
exec.shutdown () ;
exec.awaitTermination (timeout, unit);
= vyuziti i pro jednoducha vldkna: newsingleThreadExecutor ()
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Zastavovani vlaknovych sluzeb

public class TrackingExecutor extends AbstractExecutorService {
private final ExecutorService exec;
private final Set<Runnable> tasksCancelledAtShutdown =
Collections.synchronizedSet (new HashSet<Runnable>()) ;

public List<Runnable> getCancelledTasks () {
if (!exec.isTerminated())
throw new IllegalStateException(/*...#*/);
return new ArrayList<Runnable> (tasksCancelledAtShutdown);

}

public void execute(final Runnable runnable) ({
exec.execute (new Runnable () {
public void run() {

try {
runnable.run() ;

} finally {
if (isShutdown ()

&& Thread.currentThread() .isInterrupted())
tasksCancelledAtShutdown.add (runnable) ;

i
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Zastavovani vlaknovych sluzeb

e Vzor - jedovaté sousto

= ukoncovani systému producent - konzument

= jedovaté sousto — jeden konkrétni typ zpravy

= funguje pro zndmy pocet producent
+ konzument umfe po poZiti Np.,q otrévenych soust

= |ze rozsifit i na vice konzumentt
+ kazdy producent musi do fronty zapsat Ny,,,, otravenych soust
+ problém s poctem zprav Npod - Nionz



Ulohy a vidkna

Ukoncovani a prerusovani
O0000e00

Osetreni abnormalniho ukonceni vlakna

o ZaChytéVéniRunTimeException

= normalné se nedéla, méla by vyustit v stacktrace

= potieba zpracovat, pokud vldkno vykondva uplné cizi koéd
= strategie:

*

&

zachytit, ulozit, pokracovat

try {...} catch (...) {...}

v pfipadé, Ze se vldkno o sebe musi postarat samo
ukoncit a dat védét vlastnikovi

try {...} finally {...}

moznost predat Throwable

Throwable thrown = null;

try {runTask (getTaskFromQueue());}
catch (Throwable e) {thrown = e;}
finally { threadExited (this, thrown);}
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Osetreni abnormalniho ukonceni vlakna

® UncaughtExceptionHandler

= aplikace si mlze nastavit vlastni zpracovani nezachycenych vyjimek
= pokud neni nastaven, vypisuje se stacktrace na system.err
1. Thread.setUncaughtExceptionHandler
e Java>5.0
* pervldkno
2. ThreadGroup
e Java<5.0

= zavola se pouze prvni
= pro TPE se nastavuje pomoci vlastni Threadractory pies konstruktor
TPE
+ standardni TPE nechd po nezachycené vyjimce ukon¢it dané vldkno
# bez uncaughtExceptionHandler mohou vidkna tise mizet
+ moznost task obalit do dalSiho Runnable/Callable
+ vlastni TPE s alternativnim afterExecute

e Propagace nezachycenych vyjimek
= dO UncaughtExceptionHandler Se dostanou pouze Ulohy zaslané pres
execute ()

= submit () vraci vyjimku jakou soucdst navratové hodnoty/stavu -
Future.get ()
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Ukoncovani JYM

e Normalni ukonceni (orderly termination)

= ukonceni posledniho nedémonického vldkna
L] V0|énI'System.exit();
= platformové zavislé ukonceni (SIGINT, Ctrl-C)

e Abnormalni ukonceni (abrupt termination)

= vOlani Runtime.halt 0
= platformové zavislé ukonceni (SIGKILL)

e Hacky pfi ukonceni (shutdown hooks)

® Runtime.addShutdownHook

= piedava se implementace vlakna

= JVM negarantuje poradi

= pokud v dobé ukoncovéni béZi jina vlidkna, pobézi paralelné s hacky

= hacky musi byt thread-safe: synchronizace

= napf. signalizace ukonceni jinym vlaknlim, mazani doc¢asnych soubord,

= pokud néjaké vldkno pocita se signalizaci ukonceni pfi ukoncovani JVM,
muze si samo zaregistrovat hacek (ale ne z konstruktoru!)

= pouziti jednoho velkého hacku: odpada problém se synchronizaci,
moznost zajisténi definovaného poradi ukoncovani komponent
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Ukoncovani JYM

e Démonicka vlakna

metoda setDaemon ()

démonicky stav se dédi
ukon¢ovani JVM: pokud bézi jen démonicka vldkna, JVM se normalné
ukonci

+ neprovedou se bloky finally

+ neprovede se vycisténi zasobniku
ptiklad: garbage collection, cisténi docasné pamétové cache
nepouzivat z lenosti!

e Finalizers

tyka se objektl s netrivialni metodou finalize ()
+ obtizné napsat spravné
* musi byt synchronizovany
# neni garantovano poradi
+ vykonnostni penalta
+ obvykle jde nahradit pomoci bloku £inally a explicitniho uvolnéni zdroja

po dobéhnuti hacku se spusti finalizers pokud
runFinalizersOnExit == true

vyhybat se jim!
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Typy uloh pro TPE

o Nezavislé ulohy - idedlni
e Problémy
= zavislost/komunikace Uloh zaslanych do jednoho TPE
+ ohranic¢ena velikost TPE

ThreadPoolExecutors Revisited
@000
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Typy uloh pro TPE

Je tohle spravné?

static ExecutorService exec = Executors.newSingleThreadExecutor();

public static class RenderPageTask implements Callable<String> {

public String call() throws Exception {
Future<String> header, footer;
header = exec.submit (new LoadFileTask ("header.html"));
footer = exec.submit (new LoadFileTask ("footer.html"));
String page = renderBody () ;
return header.get () + page + footer.get();

}

private String renderBody () {
return " body ";

}
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Typy uloh pro TPE

ANO

ExecutorService mainExec = Executors.newSingleThreadExecutor ()|;
Future<String> task = mainExec.submit (new RenderPageTask());
try {
System.out.println("Vysledek: " + task.get());
} catch (InterruptedException e) {
e.printStackTrace();
} catch (ExecutionException e) {
e.printStackTrace() ;
}
exec.shutdown () ;
mainExec.shutdown () ;
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Typy uloh pro TPE
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Future<String> task = exec.submit (new RenderPageTask());
try {
System.out.println("Vysledek: " + task.get());
} catch (InterruptedException e) ({
e.printStackTrace() ;
} catch (ExecutionException e) {
e.printStackTrace() ;
}

exec.shutdown () ;
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Typy uloh pro TPE

o Nezavislé ulohy - idedlni
e Problémy
= zavislost/komunikace Uloh zaslanych do jednoho TPE
+ ohranic¢ena velikost TPE

jednovlaknovy executor — TPE
= Ulohy citlivé na latenci odpovédi
+ ohranic¢ena velikost TPE
+ dlouho bézici ulohy
= problém s Ulohami vyuzivajicimi ThreadLocal
+ recyklace vlaken

= nestejné velké ulohy v jednom TPE
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Velikost TPE

e DoporuceniJavy: Ncpy + 1 pro vypoceni tlohy
e Obecnéji
w
Nyiken = Ncpu + Ucpy - (1 + E)

kde Ucpy je cilové vyuziti CPU, W je ¢as ¢ekani, C je vypocetni ¢as

® Runtime.getRuntime () .availableProcessors();
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Vytvareni a ukoncovani vlaken v TPE

e corePoolsize — Cilova velikost zasobarny vldken

= startuji se, az jsou potfeba (default policy)
= prestartCoreThread() — hastaruje jedno core vlakno a vrati boolean,

zda se povedlo
= prestartAllCoreThreads () — hastartuje vsechna core vldkna a vrati

jejich pocet
® maximumPoolSize — Maximalni velikost zasobarny vldken

® keepAliveTime — doba Ielkujl'ciho Zivota
= 0d Javy 6: allowCoreThreadTimeout — dovoluje timeout i core vlaknim
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Sprava front v TPE

e Kdy se mnozi vlakna v TPE?

pokud je fronta plna
co se stane, pokud corePoolsize = 0a pouzivame neomezenou frontu?

e Pouziti synchronni fronty

SynchronousQueue neni fronta v pravém slova smyslu!

synchronni predavani dat mezi ulohami

pokud zadné vldkno na predani ulohy necekd, TPE natvofi nové

pfi dosazeni limitu se postupuje podle saturacni politiky

Ize pouzit pfi neomezeném poctu vlidken

(Executors .newCachedThreadPool) Nebo pokud je akceptovatelné
pouziti satura¢ni politiky

efektivni (¢as i zdroje) — Executors.newCachedThreadPool je efektivnéjél’
nezZ Executors. newCachedThreadPool, kter)’/ vyu2|’vé
LinkedBlockingQueue

implementovano pomoci neblokujiciho algoritmu v Java 6, 3x vétsi
vykon nez Java 5
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Sprava front v TPE

e Pouziti prioritni fronty
= task musi implementovat comparable (pfirozené poradi) nebo
Comparator
e Saturacni politiky
= nastupuje v okamziku zaplnéni fronty
= nastavuje se pPOMoCi setRejectedExecutionHandler Nebo konstruktoru
TPE
® AbortPolicy — default, Gloha dostane RejectedExecutionException
= CallerRunsPolicy — VyUZiti volajiciho vlakna
+ fizeni formou zpétné vazby
= DiscardPolicy — Vyhodi nové zaslanou ulohu
= DiscardOldestPolicy — Vyhodi ,nejstarsi” ulohu
+ vyhazuje z hlavy front = nevhodné pro pouziti s prioritnimi frontami
+ pomadha vytlacit problém do vnéjsich vrstev: napf. pro web server —
nemuze zavolat dalsi accept - spojeni ¢ekaji v TCP stacku
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Sprava front v TPE

ThreadPoolExecutor tpe =
new ThreadPoolExecutor(l, 10, 60, TimeUnit.SECONDS,
new LinkedBlockingQueue<Runnable> (100));
tpe.setRejectedExecutionHandler
(new ThreadPoolExecutor.CallerRunsPolicy());

e Implementace omezeni plnéni fronty pomoci semaforu

= semafor se nastavi na poZzadovanou velikost fronty + pocet béZicich
uloh

@ThreadSafe

public class BoundedExecutor {
private final Executor exec;
private final Semaphore semaphore;

public BoundedExecutor (Executor exec, int bound) {
this.exec = exec;
this.semaphore = new Semaphore (bound) ;
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public void submitTask (final Runnable command)
throws InterruptedException {
semaphore.acquire () ;
try {
exec.execute (new Runnable() {
public void run() {
try {
command.run() ;
} finally {
semaphore.release();
}
}

i
} catch (RejectedExecutionException e) {

semaphore.release() ;

}




	
	Úlohy a vlákna
	

	Ukoncování a prerušování
	

	ThreadPoolExecutors Revisited
	


