ThreadPoolExecutors Revisited
00000000

Java NIO Uvéznuti Optimalizace vykonu Domécf tloha
0000000000 0000000 (e]e)

Vlaknové programovani
cast Vi

Lukas Hejmanek, Petr Holub

{xhejtman, hopet}@ics.muni.cz

553

Laboratof pokrocilych sitovych technologii

PV192
2013-04-16

Méreni
000000000000 0000



ThreadPoolExecutors Revisited Java NIO Uvéznuti Optimalizace vykonu Domaci uloha Méreni
00000000 0000000000 0000000 (e]e] 000000000000 0000

Prehled prednasky
ThreadPoolExecutors Revisited
Java NIO
Uvaznuti
Optimalizace vykonu
Domaci uloha
Méfeni

(piklady povétsinou pievzaty z JCiP, Goetz)



ThreadPoolExecutors Revisited Java NIO Uvéznuti Optimalizace vykonu Domaci uloha
@0000000 0000000000 0000000 (e]e]

Typy uloh pro TPE

o Nezdvislé ulohy - idedlni
e Problémy
= zavislost/komunikace Uloh zaslanych do jednoho TPE
+ ohranicena velikost TPE
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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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o Nezdvislé ulohy - idedlni
e Problémy
= zavislost/komunikace Uloh zaslanych do jednoho TPE
+ ohranicena velikost TPE

jednovlaknovy executor — TPE
= Ulohy citlivé na latenci odpovédi

+ ohranic¢ena velikost TPE
+ dlouho bézici ulohy

= problém s tlohami 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
Nyiaken = Nepu - Ucpu - (1 + ?)

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 potieba (default policy)
= prestartCoreThread () — nastartuje jedno core vldkno a vrati boolean, zda se povedlo
= prestartAllCoreThreads () — nastartuje véechna core vlakna a vrati jejich pocet
e maximumPoolSize — maximalni velikost zadsobdarny vlaken
e keepAliveTime — doba lelkujiciho Zivota
= od Javy 6: allowCoreThreadTimeOut — dovoluje timeout i core vlaknim
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Sprava front v TPE

e Kdy se mnozi vldkna v TPE?

pokud je fronta plna
o se stane, pokud corePoolsize = 0 a pouzivdme neomezenou frontu?

e Pouziti synchronni fronty

SynchronousQueue neni fronta v pravém slova smyslu!

synchronni predavani dat mezi ulohami

pokud Zadné vlakno na predani ulohy neceka, TPE natvofi nové

pfi dosazeni limitu se postupuje podle satura¢ni politiky

Ize pouzit pfi neomezeném poctu vldken (Executors.newCachedThreadPool) nebo pokud je
akceptovatelné pouziti saturacni politiky

efektivni (¢as i zdroje) — Executors . newCachedThreadPool je efektivnéjsi nez
Executors.newCachedThreadPool, ktery vyuZivad LinkedBlockingQueue

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

e Pourziti prioritni fronty

task musi implementovat comparable (pfirozené poradi) nebo comparator

e Saturacni politiky

nastupuje v okamziku zaplnéni fronty
nastavuje se pomoci setRe jectedExecutionHandler nebo konstruktoru TPE
AbortPolicy — default, Uloha dostane RejectedExecutionException
CallerRunsPolicy — VyuZiti volajiciho vldkna

* fizeni formou zpétné vazby
DiscardPolicy - vyhodi nové zaslanou ulohu
DiscardOldestPolicy — Vyhodi ,nejstarsi” Ulohu

+ vyhazuje z hlavy front = nevhodné pro pouZziti s prioritnimi frontami

& pomaha vytlacit problém do vnéjsich vrstev: napf. pro web server — nem(ize zavolat dal$i accept —

spojeni ¢ekaji v TCP stacku
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Sprava front v TPE

ThreadPoolExecutor tpe =
new ThreadPoolExecutor (1, 10, 60, TimeUnit.SECONDS,
new LinkedBlockingQueue<Runnable> (100));
tpe.setRejectedExecutionHandler
(new ThreadPoolExecutor.CallerRunsPolicy());

e Implementace omezeni pInéni fronty pomoci semaforu
= semafor se nastavi na pozadovanou velikost fronty + pocet béZicich uloh

@ThreadsSafe

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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Sprava front v TPE

public void submitTask (final Runnable command)
2 throws InterruptedException {
semaphore.acquire();
4 try {
exec.execute (new Runnable () {
6 public void run() {
try {
8 command.run () ;
} finally {
10 semaphore.release();
}
12 }
b
14 } catch (RejectedExecutionException e) {
semaphore.release() ;
16 }
}
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ThreadFactory

e TPE vytvari vldkna pomoci ThreadFactory

metoda newThread
default ThreadFactory: nedémonickd, bez specidlnich nastaveni

e Moznost predefinovat, jak se budou vytvéret vldkna

nastaveni pojmenovani vldken
vlastni tfida vytvarenych vlaken (statistiky, ladéni)
specifikace vlastniho UncaughtExceptionHandler
nastaveni priorit (radéji nedélat)
nastaveni démonického stavu (radéji nedélat)
v pfipadé pouziti bezpecnostnich politik (security policies) Ize pouzit
privilegedThreadFactory
# podédéni opravnéni, AccessControlContext a contextClassLoader od vldkna vytvérejiciho
privilegedThreadFactory, nikoli od vldkna volajiciho execute/submit (default)
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ThreadFactory

public class MyThreadFactory implements ThreadFactory {

2 private final String poolName;
class MyAppThread extends Thread {
4 public MyAppThread (Runnable runnable, String poolName) {

super (runnable, poolName) ;

6 }

public MyThreadFactory (String poolName) {
10 this.poolName = poolName;

}

public Thread newThread (Runnable runnable) {
14 return new MyAppThread (runnable, poolName);

}
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Modifikace Executortd za béhu

e settery a gettery na rizné vlastnosti
e moznost pretypovani executord vyrobenych pres factory metody (kromé

newSingleThreadExecutor) Na ThreadPoolExecutor
e omezeni modifikaci

= nechceme nechat vyvojére stourat do svych TPE

= factory metoda Executor.unconfigurableExecutorService
* bere ExecutorService
# vraci omezenou ExecutorService pomoci DelegatedExecutorService, kterd rozsifuje

AbstractExecutorService
= VyuZzZivdno metodou newSingleThreadExecutor (vraci omezeny Executor — ackoli
implementace ve skute¢nosti pouziva TPE s jedinym vldknem)
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Modifikace TPE

e Hacky pro modifikace

» beforeExecute
m afterExecute

= terminated

e Napf. sbér statistik

Doméci dloha

Méfreni
000000000000 0000
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Modifikace TPE

public class TimingThreadPool extends ThreadPoolExecutor {

public TimingThreadPool () {
super (1, 1, OL, TimeUnit.SECONDS, null);

}

private final ThreadLocal<Long> startTime = new ThreadLocal<Long> () ;
private final Logger log = Logger.getLogger ("TimingThreadPool");
private final AtomicLong numTasks = new AtomicLong();

private final AtomicLong totalTime = new AtomicLong();

protected void beforeExecute (Thread t, Runnable r) {
super .beforeExecute(t, r);
log.fine (String. format ("Thread %s: start %s", t, r));
startTime.set (System.nanoTime()) ;
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Modifikace TPE

protected void afterExecute (Runnable r, Throwable t) {
2 try {
long endTime = System.nanoTime () ;
4 long taskTime = endTime - startTime.get();
numTasks.incrementAndGet () ;
6 totalTime.addAndGet (taskTime) ;
log.fine (String.format ("Thread %s: end %s, time=%dns",
8 t, r, taskTime));
} finally {
10 super.afterExecute(r, t);
}
12 }
14 protected void terminated() {
try {
16 log.info (String. format ("Terminated: avg time=%dns",
totalTime.get () / numTasks.get()));
18 } finally {
super.terminated() ;
20 }
}
22| }
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Optimalizace vykont Doméci Gloha Mé&

Kompletné vlastni implementace TPE

e Zdrojové kody:
= http://kickjava.com/src/java/util/concurrent/ThreadPoolExecutor.
java.htm

= http://kickjava.com/src/java/util/concurrent/
ScheduledThreadPoolExecutor. java.htm


http://kickjava.com/src/java/util/concurrent/ThreadPoolExecutor.java.htm
http://kickjava.com/src/java/util/concurrent/ThreadPoolExecutor.java.htm
http://kickjava.com/src/java/util/concurrent/ScheduledThreadPoolExecutor.java.htm
http://kickjava.com/src/java/util/concurrent/ScheduledThreadPoolExecutor.java.htm
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Java NIO

e Zavedeno v Javé 1.4 (JSR51)
e Abstraktni tfida Buffer
= umoznuje drzet pouze primitivni typy

ByteBuffer
CharBuffer
DoubleBuffer
FloatBuffer
IntBuffer
LongBuffer
ShortBuffer

e direct vs. non-direct buffery
= piimé buffery se snazi vyhybat zbytec¢nym kopiiim mezi JVM a systémem
e vytvafeni pomoci metod

= allocate — alokace pozadované velikosti
= allocateDirect — alokace pozadované velikosti typu direct
= wrap - zabali existujici pole bytl (bytearray)
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Java NIO

o ByteBuffer
= http:
//download.oracle.com/javase/6/docs/api/java/nio/ByteBuffer.html
= pristup k bindrnim datdm, napf.

float getFloat()

float getFloat (int index)

void putFloat (float f)

void putFloat (int index, float f)

= mapovani souborll do paméti (FileChannel, metoda map)
= Cténi/vlozeni z/do bufferu bez parametru index (get/put) inkrementuje pozici
= pokud neni feceno jinak, metody vraci odkaz na buffer - fetézeni volani

buffer.putShort (10) .putInt (0x00ABBCCD) .putShort (11) ;



http://download.oracle.com/javase/6/docs/api/java/nio/ByteBuffer.html
http://download.oracle.com/javase/6/docs/api/java/nio/ByteBuffer.html
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Java NIO

e Vlastnosti buffer(

capacity celkova kapacita bufferu
limit umély limit uvnitf bufferu, vyuziti s metodami £1ip (nastavi limit na
soucasnou pozici a skoci na pozici 0) ¢i remaining
mark pomocnd znacka, vyuZiti napf. s metodou reset (skoci na oznackovanou
pozici)

buffer.position(10);
buffer.flip();

while (buffer.hasRemaining()) {
4| byte b = buffer.get();

// neco

s}

~
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Java NIO

e Selektor
= serializace pozadavkU
= vybér pozadavki
e Kili¢
= identifikace konkrétniho spojeni

- SocketChannel Keys
CLIENT | SocketChannel
SERVER

- SocketChannel

Zdroj: http://onjava.com/Ipt/a/2672

|;UO—|OITII—I'I1(JJ|
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Java NIO - Server

e Genericky postup

create SocketChannel;
create Selector
associate the SocketChannel to the Selector
for(;;) {
waiting events from the Selector;
event arrived; create keys;
for each key created by Selector {
check the type of request;
isAcceptable:
get the client SocketChannel;
associate that SocketChannel to the Selector;
record it for read/write operations
continue;
isReadable:
get the client SocketChannel;
read from the socket;
continue;
isWriteable:
get the client SocketChannel;
write on the socket;
continue;

Zdroj: http://onjava.com/Ipt/a/2672
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Java NIO - Server

feni

// Create the server socket channel

ServerSocketChannel server = ServerSocketChannel.open();

// nonblocking I/O

server.configureBlocking (false);

// host-port 8000

server.socket () .bind (new java.net.InetSocketAddress (host,8000));
// Create the selector

Selector selector = Selector.open();

// Recording server to selector (type OP_ACCEPT)
server.register (selector, SelectionKey.OP_ACCEPT) ;

Zdroj: http://onjava.com/Ipt/a/2672
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Java NIO - Server

20

22
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26

// Infinite server loop

for(;;) {
// Waiting for events
selector.select();
// Get keys
Set keys = selector.selectedKeys();
Iterator i = keys.iterator();

// For each keys...
while (i.hasNext ()) {

SelectionKey key = (SelectionKey) i.next();

// Remove the current key
i.remove();

// if isAccetable = true

// then a client required a connection

if (key.isAcceptable()) {
// get client socket channel

SocketChannel client = server.accept();

// Non Blocking I/O
client.configureBlocking (false);

// recording to the selector (reading)
client.register (selector, SelectionKey.OP_READ) ;

continue;

Zdroj: http://onjava.com/Ipt/a/2672
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Java NIO - Server

// if isReadable = true
// then the server is ready to read
if (key.isReadable()) {

SocketChannel client = (SocketChannel) key.channel();

// Read byte coming from the client
int BUFFER_SIZE = 32;
ByteBuffer buffer = ByteBuffer.allocate (BUFFER_SIZE) ;
try {
client.read (buffer);
}
catch (Exception e) {
// client is no longer active
e.printStackTrace();
continue;

}

// Show bytes on the console

buffer.flip();

Charset charset=Charset.forName (’'’IS0-8859-1'");
CharsetDecoder decoder = charset.newDecoder();
CharBuffer charBuffer = decoder.decode (buffer) ;
System.out .print (charBuffer.toString());
continue;

Zdroi: http://onjava.com/lpt/a/2672
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Java NIO

e Dalsi ¢tent:
= http://onjava.com/lpt/a/2672
= http://onjava.com/lpt/a/5127
= http://download.oracle.com/javase/6/docs/api/java/nio/channels/
Selector.html
= http://download.oracle.com/javase/6/docs/api/java/nio/channels/
SelectionKey.html


http://onjava.com/lpt/a/2672
http://onjava.com/lpt/a/5127
http://download.oracle.com/javase/6/docs/api/java/nio/channels/Selector.html
http://download.oracle.com/javase/6/docs/api/java/nio/channels/Selector.html
http://download.oracle.com/javase/6/docs/api/java/nio/channels/SelectionKey.html
http://download.oracle.com/javase/6/docs/api/java/nio/channels/SelectionKey.html
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Asynchronni programovani versus vlakna

e Asynchronni programovani

+ umoznuje obsluhovat fadové vétsi mnozstvi klient(
— zacenu zvyseni latence
— slozitéjsi, nachylné;jsi na chyby
e Vlaknové programovani
+ jednodussi
+ pomérné efektivni do ,rozumného” poctu viaken
— nativni vldkna nejsou stavéna na (deseti)tisice vldken a vice

e Potencialné Ize kombinovat
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Deadlock

e Deadlock - uvaznuti, smrtelné objeti ;-)
e Vzajemné nekoncici ¢ekdni na zamky

Tooce Tloce
Yoo A — A ! X

— o Q oeancxe

(Cee ‘,\Lé(;'i -
PG "t 2 Al

e Potieba globalniho usporadani zamki
= zamykani podle globdlniho uspofadani
e Moznost vyuziti Lock . tryLock ()

= nahodny rovnomérny back-off
= nahodny exponencidlni back-off
= nelze pouzit s monitory

e Resenideadlockll runtimem (ne v Javé)
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Deadlock

public static void transferMoney (Account fromAccount,
Account toAccount,
DollarAmount amount)
throws InsufficientFundsException {
synchronized (fromAccount) ({
synchronized (toAccount) {
if (fromAccount.getBalance () .compareTo (amount) < 0)
throw new InsufficientFundsException();
else {
fromAccount .debit (amount) ;
toAccount.credit (amount) ;
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Deadlock

Account toAccount,
DollarAmount amount)
throws InsufficientFundsException {
synchronized (fromAccount) ({
synchronized (toAccount) {
if (fromAccount.getBalance () .compareTo (amount) < 0)
throw new InsufficientFundsException();
else {
fromAccount .debit (amount) ;
toAccount.credit (amount) ;

public static void transferMoney (Account fromAccount, @
&=
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Deadlock

public void transferMoney(final Account fromAcct,
final Account toAcct,
final DollarAmount amount)
throws InsufficientFundsException {
class Helper {
public void transfer() throws InsufficientFundsException {
if (fromAcct.getBalance () .compareTo (amount) < 0)
throw new InsufficientFundsException();
else {
fromAcct .debit (amount) ;
toAcct.credit (amount) ;

}
}
int fromHash = System.identityHashCode (fromAcct) ;
int toHash = System.identityHashCode (toAcct);

e System.identityHashCode (o) mUZe vrdtit pro dva rlizné objekty identicky hash
= fidky problém
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Deadlock

if (fromHash < toHash) {
synchronized (fromAcct) {
synchronized (toAcct) {
new Helper() .transfer();
}
}
} else if (fromHash > toHash) {
synchronized (toAcct) {
synchronized (fromAcct) {
new Helper () .transfer();

}

} else {
synchronized (tieLock) {
synchronized (fromAcct) {
synchronized (toAcct) {
new Helper () .transfer();

}
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Deadlock

private static Random rnd = new Random();

public boolean transferMoney (Account fromAcct,

Account toAcct,

DollarAmount amount,

long timeout,

TimeUnit unit)

throws InsufficientFundsException, InterruptedException {

long fixedDelay = getFixedDelayComponentNanos (timeout, unit);
long randMod = getRandomDelayModulusNanos (timeout, unit);
long stopTime = System.nanoTime () + unit.toNanos (timeout) ;
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Deadlock

while (true) {
if (fromAcct.lock.tryLock()) {
try {
if (toAcct.lock.tryLock()) {
try {
if (fromAcct.getBalance () .compareTo (amount) < 0)
throw new InsufficientFundsException();
else {
fromAcct .debit (amount) ;
toAcct.credit (amount) ;
return true;
}
} finally {
toAcct.lock.unlock() ;
}
}
} finally {
fromAcct.lock.unlock () ;
}
}

if (System.nanoTime () < stopTime)
return false;
NANOSECONDS .sleep (fixedDelay + rnd.nextLong() % randMod) ;
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Oteviena volani

class Taxi {
@QGuardedBy ("this") private Point location, destination;
private final Dispatcher dispatcher;

public Taxi (Dispatcher dispatcher) {
this.dispatcher = dispatcher;

}

public synchronized Point getLocation() {
return location;

}

public synchronized void setLocation (Point location) {
this.location = location;
if (location.equals (destination))
dispatcher.notifyAvailable (this);

}

public synchronized Point getDestination() {
return destination;

}

public synchronized void setDestination (Point destination)
this.destination = destination;

}

{
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Oteviena volani

class Dispatcher {
QGuardedBy ("this") private final Set<Taxi> taxis;
@QGuardedBy ("this") private final Set<Taxi> availableTaxis;

public Dispatcher () {
taxis = new HashSet<Taxi>();
availableTaxis = new HashSet<Taxi>();

}

public synchronized void notifyAvailable (Taxi taxi) {
availableTaxis.add (taxi);

}

public synchronized Image getImage() {
Image image = new Image();
for (Taxi t : taxis)
image.drawMarker (t.getLocation());
return image;
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Otevrena volani

class Taxi {
@GuardedBy ("this") private Point location, destination;
private final Dispatcher dispatcher;

public Taxi (Dispatcher dispatcher) {
this.dispatcher = dispatcher;
}

public synchronized Point getLocation() {
eturn location;

}

public ized void
this.location = location;

if (location.equals(destination))
dispatcher.notifyAvailable (this) ;

(Point location) {

}

public synchronized Point getDestination() {
return destination;
3

publ. (Point

class Dispatcher (
2 @GuardedBy ("this") private final Set<Taxi> taxis;
@GuardedBy ("this") private final Set<Taxi> availableTaxis;
public Dispatcher() {
. taxis = new HashSet<Taxi>();
ilableTaxi i>0;
8| }
o public synchronized void nothyAvailable(Tax >
availableTaxis.add (taxi) ;
1| }
Y e \_
,. public synchronized Image getImage() {
Image image = new Image();
I for (Taxi t i
image . drawarker (¢ .getLocation () ;
l return image;
}
}

ic ized void i
this.destination = destination;
}

® setLocation — notifyAvailable

® getImage — getLocation
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Otevrena volani

e Oteviené volani (open call)
= volani metody, kdy volajici nedrzi zadny zdmek
= preferovany zplsob
e Prevod na oteviené volani
= synchronizace by méla byt omezena na lokalni proménné
= problém se zachovanim sémantiky

e Moznost globalniho zamku
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Oteviena volani

20

22

24

class Taxi {
QGuardedBy ("this") private Point location, destination;
private final Dispatcher dispatcher;

public Taxi (Dispatcher dispatcher) { this.dispatcher = dispatcher;
public synchronized Point getLocation() { return location; }

public void setLocation (Point location) {
boolean reachedDestination;
synchronized (this) {
this.location = location;
reachedDestination = location.equals(destination);

if (reachedDestination)
dispatcher.notifyAvailable (this);
}

public synchronized Point getDestination() { return destination; }

public synchronized void setDestination (Point destination) {
this.destination = destination;

}

}
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Oteviena volani

20

22

24

class Dispatcher {
QGuardedBy ("this") private final Set<Taxi> taxis;
QGuardedBy ("this") private final Set<Taxi> availableTaxis;

public Dispatcher () {
taxis = new HashSet<Taxi>();
availableTaxis = new HashSet<Taxi>();

}

public synchronized void notifyAvailable (Taxi taxi) {
availableTaxis.add (taxi);

}

public Image getImage() {
Set<Taxi> copy;
synchronized (this) {
copy = new HashSet<Taxi> (taxis);
}
Image image = new Image();
for (Taxi t : copy)
image.drawMarker (t.getLocation());
return image;
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Hladovéni

e Hladovéni (starvation) nastava, pokud je vldknu neustdle odpiran zdroj, ktery je potfeba k
dalsimu postupu
= bézné pouziti zdmka je férové
= problém pfi nastavovani priorit

t.setPriority (Thread.MIN PRIORITY); // 1
2 t.setPriority (Thread.NORM PRIORITY); // 5
t.setPriority (Thread.MAX PRIORITY); // 10

+ problém platformové zavislosti priorit
& mozna pomoc pro zvyseni responsivity GUI

= typické pokusy o ,feSeni” problém

7 Thread.yield() ;
Thread.sleep (100);
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Dalsi typy uvaznuti

e Livelock
= uvaznuti, pfi némz se vlakno (aktivné) snazi o ¢innosti, kterd opakované selhava
= nahodnostni exponencidlni back-off
e Ztracené zpravy
= o.wait () ao.notify () resp.o.notifyall nemaji mechanismus zdrzeni notifikace
= pokud vldkno usne na o.wait () pozdéji, nez mélo byt notifikovano pfes o.notify, nikdy se
nevzbudi
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Hledani problému

e Vypis stavu JVM

= SIGQUIT na unixech (ev. Ctrl-\ pokud mapuje na s1GouIT)
= Ctrl-Break na Windows

Doméci dloha

Méfreni
000000000000 0000
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Hledani problému

public static void main(String[] args) {
final Object a = new Object();
final Object b = new Object();

Thread tl = new Thread(new Runnable () {
public void run() {
try {
synchronized (a) {
Thread.sleep(1000);
System.out .println("tl - cekam na b");
synchronized (b) {
System.out.println("tl - jsem zde");
}
}
} catch (InterruptedException e) {
}

});
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Hledani problému

Thread t2 = new Thread(new Runnable() {
public void run() {
try {
synchronized (b) {
Thread.sleep(1000);
System.out.println("t2 - cekam na a");
synchronized (a) {
System.out.println("t2 - jsem zde");
}
}
} catch (InterruptedException e) {
}

});

tl.start();
t2.start () ;
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Hledani problému

$ java IntentionalDeadlock

t2 - cekam na a

tl - cekam na b

2010-04-22 11:46:25

Full thread dump Java HotSpot (TM) Client VM (16.2-b04 mixed mode, sharing):

"DestroyJavaVM" prio=6 tid=0x020b1000 nid=0x164c waiting on condition [0x00000000]
java.lang.Thread.State: RUNNABLE

"Thread-1" prio=6 tid=0x02149800 nid=0xlb4c waiting for monitor entry [0x0480£000]
java.lang.Thread.State: BLOCKED (on object monitor)
at IntentionalDeadlock$2.run(IntentionalDeadlock.java:35)
— waiting to lock <0x243e6928> (a java.lang.Object)
— locked <0x243e6930> (a java.lang.Object)
at java.lang.Thread.run(Unknown Source)

"Thread-0" prio=6 tid=0x02146c00 nid=0x1a38 waiting for monitor entry [0x0477£000]
java.lang.Thread.State: BLOCKED (on object monitor)
at IntentionalDeadlock$1l.run(IntentionalDeadlock.java:20)
— waiting to lock <0x243e6930> (a java.lang.Object)
— locked <0x243e6928> (a java.lang.Object)
at java.lang.Thread.run(Unknown Source)
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Hledani problému

"Low Memory Detector" daemon prio=6 tid=0x02121400 nid=0xbd8 runnable [0x00000000]

java.lang.Thread.

State: RUNNABLE

"CompilerThread0" daemon prio=10 tid=0x02119800 nid=0x1708 waiting on condition [0x00000000]

java.lang.Thread.

State: RUNNABLE

"Attach Listener" daemon prio=10 tid=0x02118400 nid=0x13d0 runnable [0x00000000]

java.lang.Thread.

"Signal Dispatcher"
java.lang.Thread.

State: RUNNABLE

daemon prio=10 tid=0x02115400 nid=0x5a0 waiting on condition [0x00000000]
State: RUNNABLE

Heap
def new generation
eden space 4416K,
from space 512K,
to space 512K,
tenured generation
the space 10944K,
compacting perm gen
the space 12288K,
ro space 10240K,
rw space 12288K,

total 4928K, used 466K [0x243b0000, 0x24900000, 0x29900000)

10% used [0x243b0000, 0x24424828, 0x24800000)

0% used [0x24800000, 0x24800000, 0x24880000)

0% used [0x24880000, 0x24880000, 0x24900000)

total 10944K, used OK [0x29900000, 0x2a3b0000, 0x343b0000)
0% used [0x29900000, 0x29900000, 0x29900200, 0x2a3b0000)

total 12288K, used 42K [0x343b0000, 0x34fb0000, 0x383b0000)
0% used [0x343b0000, 0x343ba960, 0x343baal0, 0x34fb0000)

51% used [0x383b0000, 0x388dae00, 0x388dae00, 0x38db0000)

54% used [0x38db0000, 0x394472d8, 0x39447400, 0x399b0000)
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Hledani problému

Found one Java-level deadlock:

"Thread-1":
waiting to lock monitor 0x020d53ac (object 0x243e6928, a java.lang.Object),
which is held by "Thread-0"

"Thread-0":
waiting to lock monitor 0x020d6c74 (object 0x243e6930, a java.lang.Object),
which is held by "Thread-1"

Java stack information for the threads listed above:

"Thread-1":
at IntentionalDeadlock$2.run(IntentionalDeadlock.java:35)
— waiting to lock <0x243e6928> (a java.lang.Object)
— locked <0x243e6930> (a java.lang.Object)
at java.lang.Thread.run(Unknown Source)
"Thread-0":
at IntentionalDeadlock$l.run(IntentionalDeadlock.java:20)
— waiting to lock <0x243e6930> (a java.lang.Object)
— locked <0x243e6928> (a java.lang.Object)
at java.lang.Thread.run(Unknown Source)

Found 1 deadlock.
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Staticka analyza kodu

e FindBugs
http://findbugs.sourceforge.net/

File Edit View Navigation Designation Help

Viowin browser
Ee——— : =
7w B
Category | Bug Kind | Bug Pattern | € | Priority & public class IntentionalDeadlock {
= ¢ public static void main(Scring(] args) ( L
9 (£] Multthreaded correctness (2) jz 2::; g:’:zz ; - ::: :’::::;
9 (= Sleep with lock held (2) o 3 = af B
# EWethod als Trread sieep with 3 ok e 2) - Tnresd €1 = new Thresd (new Rusneble() {
[ 14 public void zun() (
[ intentionalDeadlocks2 run() calls Thread.sleep( with a lock held 15 try {
 C3 Performance (1) 16 synchronized (2) {
-3 inner class could be made static (1) 17 Thread. sleep(1000); L
o (9 Should be a statc nner class (1) 1 Systen.out.println("tl - cekem na b%):
gl 5 T 19 symchronized (b) (
P 20 System.out.princin("cl - Jsem zde”);
(Classity]unciassifies 2
2 )
2 ) cateh (Interruptedxception €) {
2a )
2 )
2 n: =
] [tox ] [ provons |

I lock held

0.
AtintentionalDeadlock java line 17]
In method IntentionalDeadlock$ 1.run( [Lines 16 - 25]

Method calls Thread.sleep() with a lock held
alock held. This o
thelock, which releases the lock and allows other thrgads fo run

ora deadlock, since other threads may be walting to acquire the lock Itis a much better idea to call wait() on

,ﬁumvnsnv oF

Inttp:/findbugs.sourceforge.net

Méfeni
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Anotace

e Viceclenny tym programator(i — pfedavani myslenek
= komentére v kody
= anotace
* anotace se daji pouzit i pro statickou analyzu kédu

Méfeni
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import net.jcip.annotations.GuardedBy;
2| // http://www.javaconcurrencyinpractice.com/jcip-annotations. jar
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Anotace

e Anotace tfid
= @Immutable
® @ThreadSafe
® @NotThreadSafe

e Anotace poli
= QGuardedBy ("this")
« monitor (intrinsic lock) na this
® @QGuardedBy (" jmenoPole")

+ explicitni zdmek na jmenoPole pokud je potomkem Lock
+ jinak monitor na jmenoPole

® @QGuardedBy ("JmenoTridy. jmenoPole")

+ obdobné, odkazuje se statické pole jiné tfidy
® @GuardedBy (" jmenoMetody () ")

¢ metoda jmenoMetody () vraci zamek
® @QGuardedBy ("JmenoTridy.class")

+ literdl tfidy (objekt) pro pojmenovanou tfidu
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Omezovani zamku

zrychleni < =
54 1=
n

e JVM se snazi délat

= eliminaci synchronizaci, které nemohou nastat (napf. pomoci escape analysis - lokaIni objekt,
ktery neni nikdy publikovan na haldu a je tudiz thread-local)
= kombinace vice zamka do jednoho (lock coarsening)

e Zbyte¢né nesynchronizovat
= delegace bezpecnosti (thread safety delegation)
= omezeni rozsahu synchronizace (get in — get out principle, napf. Taxi/Dispatcher)
= déleni zamku (lock splitting) — pouze pro nezavislé proménné/objekty
= ofezavani zamku (lock stripping)
= RW zadmky
e Neprovadét object pooling na jednoduchych objektech
= new je levnéjsi jakomalloc

synchronized (new Object()) {
System.out.println("bleeee") ;

}




Optimalizace vykonu
[ Je]

Omezovani zamku

zrychleni < =
54 1=
n

e JVM se snazi délat

= eliminaci synchronizaci, které nemohou nastat (napf. pomoci escape analysis - lokaIni objekt,
ktery neni nikdy publikovan na haldu a je tudiz thread-local)
= kombinace vice zamka do jednoho (lock coarsening)

e Zbyte¢né nesynchronizovat
= delegace bezpecnosti (thread safety delegation)
= omezeni rozsahu synchronizace (get in — get out principle, napf. Taxi/Dispatcher)
= déleni zamku (lock splitting) — pouze pro nezavislé proménné/objekty
= ofezavani zamku (lock stripping)
= RW zadmky
e Neprovadét object pooling na jednoduchych objektech
= new je levnéjsi jakomalloc Qg

B

synchronized (new Object()) {
System.out.println("bleeee") ;

}
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Omezovani zamku

e Podobné jako déleni zamkd, ale pro proménny pocet nezavislych proménnych/objektt
e Priklad ofezavani zamk{ - concurrentHashMap
= 16 zamku
= kazdy z N hash buckets je chranény zamkem N mod 16
= piedpokldddme rovnomérné rozdéleni polozek mezi kbeliky
== 16 paralelnich ptistupt
— pristup k celé kolekci vyzaduje vsech 16 zamki
= rozdéleni kumulativnich poli do jednotlivych kbelik(



Doméci tloha

7 7

Domaci uloha

1. Naimplementuje webovy harvestor, ktery rekurzivné stahuje a uklada webové stranky do
stromu a hleda v nich zadany text.
= Soubory neni tfeba ukladat.
= V3echny radky stazeného souboru spojte do jednoho, najdéte viechny vyskyty <a href="...">
a ulozte si relativni i absolutni URL do fronty k dalSimu stazeni.
= Pokud najdete zadany text, vytisknéte ho do GUI okna spolu s URL, kde byl nalezen.
= Program bude mit GUI zobrazujici hlavicky aktudlné stahovanych dokumentd.

2. Pro implementaci stahovani vytvorte vlastni thread pool (rozsifenim tfidy ThreadPool),
ktery se bude dynamicky zvétSovat/zmensovat podle poctu cekajicich pozadavku ve fronté.
Tj. zacne rlist nad corePoolSize and jiz pred zaplnénim fronty — po dosazeni napf. 75%
zaplnéni fronty.
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Interakce s JVM pii méreni

e Problém garbage collection

m —verbose:gc

kratkd méfeni: vybrat pouze béhy, v nichz nedoslo ke GC
dlouhé béhy: dostate¢né dlouhé, aby se pfitomnost GC projevila representativné

e Problém HotSpot kompilace

—-XX:+PrintCompilation

dostatecny warm-up (minuty!)

mohou se vyskytovat rekompilace (optimalizace, nahrani nové tfidy kterd zrusi dosavadni
predpoklady)

housekeeping tasks: oddéleni nesouvisejicich méfeni pauzou nebo restartem JVM
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Délka zpracovdni obrdzku



velikost obrdzku cas béhu

640 x 480 124,12983930928
1280 x 720 539,98450298239
1920 x 1080 1529,02398429008
4096 x 2160 10210,09238488922

Méfeni
00@0000000000000



~elikost obrdzku cas béhu
64\0\>\480 124,12983930928
1280 x 539,98450298239
19/29/>< 1080 1529,02398429008

L4096 x 2160 210,09238488922

Méfeni
00@0000000000000
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Mérime délku vypoctu v Javé



Méfeni
000@000000000000

v

library (psych)
runlength <- read.csv(file="java-example.table",
summary (runlength$vl)

Min. 1lst Qu. Median Mean 3rd Qu. Max.
92.08 104.70 108.80 166.80 187.20 594.70
describe (runlength$Vil)
var n mean sd median trimmed mad min

1 30 166.82 113.67 108.78
se

20.75

142.1 20.88 92.08 594.71 502.63 2.14

head=FALSE, sep=",")

max range skew kurtosis

4.55
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Javové méfeni

15
|

N =30
X = 166,82
sx =113,67
S = % =20,75
t0,05;29 = 2,045

Cetnost

X + t9,05:8-15x = 167 £42ms

Méfeni
000@000000000000

r T T T T
0 100 200 300 400

Cas [ms]

T
500

1
600
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>30 /

X =166,8
sx=113,67
Sx = % =20,75
to,05;29 = 2,045

Cetnost

™~
N1Sx =167 £42ms \ —
0w -
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Javové méreni

Doméci tloha

©o

Méreni

Méreni
0000@00000000000



ThreadPoolExecutors Revisited Java NIO Uvéznuti Optimalizace vykonu Doméci Gloha Méreni
00000000 0000000000 0000000 (e]e] 000080000000 0000

Javové méreni

600
I
o

HotSpot

500
1

garbage collector

N

o
° o
o o
‘8_— 000000 000 oooo ©o0 00
T T T T T T T
0 5 10 15 20 25 30

Méreni
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Soustava jednotek pro informatiky

SI BASE UNITS w%‘i.".,".ﬁ‘;:&"fan S1 DERIVED UNITS WITH SPECIAL NAMES AND SYMBOLS
names

Solid lines Indicate multiplication, broken lines indicate division

Kilogram : .

pascal . Nm?) gray @( ika) sievert @ Urkg)

PRESSURE, ABSORBED
STRESS DOSE

DOSE
EQUIVALENT

rs) becquersl m) her%@ e :

ACTIVITY FREQUENCY
(OF A RADIONUCLIDE) $

henry ~\(Wb/A)  tesla @':(Wb/ m?

e A ACCELERATION | -
SUBSTANCE " T
ampera[
Eince euiThomOTivE
CHARGE
ELECTRIC CURRENT \—_ ; FORCE
vl g;gfee (K ahm (V/A)  siemens /e)
elvin Sius
K [ () - ®
CELSIUS CAPACITANCE RESISTANCE CONDUCTANCE
ﬁgf,‘;gw < TEMPERATURE
#PC=TIK-273.15
candela i i
E— 2 L o R i) Smmdmr@@l/m& nmdm(m/m =1
LUMINOUSINTENSITY \ B > . ~
ILLUMINANCE TUMINOUS SOLIDANGLE PLANEANGLE

FLUX

Zdroj:http://www.icrf.nl/Portals/106/SI_units_diagram(1l) . jpg


http://www.icrf.nl/Portals/106/SI_units_diagram(1).jpg
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Soustava jednotek pro informatiky

e Pfedpony nejen specialné informatické

yocto- 1072 y - - -
zepto- | 1072 | z - - -
atto- 107" | a - - -
femto- | 107" | f - - -
pico- 107" | p - - -
nano- 107° | n - - -
micro- 107 “w - - -
milli- 1072 | m || - - -
kilo- 10° k[ kibi 20 T i
mega- 10° M mebi 2% Mi
giga- 10° G gibi 2% | Gi
tera- 102 | T || tebi | 2%* | Ti
peta- 10 P pebi 2% Pi
exa- 10 | E || exbi | 2%° | Ei
zetta- 102 | Z || zebi | 27° | zi
yotta- 10% Y yobi 280 Yi

Méfeni
000008000000 0000

Amendment 2 to “IEC 60027-2: Letter symbols to be used in electrical technology - Part 2: Telecommunications and electronics”

(1999)
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Vysledky méreni

x = (fix £ zy) [jednotka]

o [iy... nejpravdépodobnéjsi hodnota mérené veliciny
e z,... interval spolehlivosti / pfesnost
e jak tyto véci spocitat / odhadnout?

Méfeni
0O00000@000000000
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Chyby méreni

o Klasifikace chyb podle mista vzniku
= instrumentalni (pfistrojové) chyby
= metodické chyby
= teoretické chyby (principy, model)
= chyby zpracovani

e Klasifikace chyb podle plivodu
= hrubé (omyly)
= systematické
= ndhodné



Méfeni
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Presnost méricich nastroju

Spravnost pristroje ... systematickd chyba

e Aditivni vs. multiplikativni chyby

e Mezni hodnota chyb

o Trida pfesnosti pfistroje

zméfend hodnota

Aditivni model

zméfend hodnota

Multiplikativni model

zméfend hodnota

Kombinovany model

skutecna hodnota

skutecna hodnota

skutecna hodnota
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Nahodné chyby

aneb proc se bézné pracuje s normalnim rozdélenim chyb?

e Hypotéza elementérnich chyb (Hordk, 1958)

kazda ndhodna chyba v méreni je slozena z fady malych chyb
pfi velkém poctu méreni se vyskytne zhruba stejny pocet chyb kladnych i zdpornych a malé
chyby jsou pocetnéjsi nez velké

. m elementarnich ndhodnych vliva

kazdy elementérni vliv generuje chybu o (dale oznac¢ovano jako pfipad a) nebo —« (déle pfipad
b)
chyby a a b jsou stejné casté

dostdvame binomické rozdéleni kumulace vlivd elementéarnich chyb

( m ) P(e)) = zlm(';”),g,: (1= (m=1))a = (2 - m)a = 25a

P(0) = - 2

2m
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Nahodné chyby

aneb proc se bézné pracuje s normalnim rozdélenim chyb?

e Co se stane, pokud m — co?
s prosudam=2k = k — oo (suda, abychom méli P(0))

P(e) = P(250) = i( 2k )

2%k \k+s

2k

P2sa) _ (o) _ k(k=1)(k=s+1) _(1-%)(1-3)-(-F)
P(0) (2:) (k+1)(k+2)-(k+5s) (1+)( )( i)

= pros << k
2 3
In(1+x):xfx—+x—f~~-mx
2 3
P@s) 1 2 s-1 1 2 s 2s(s-1) s 8
PO)  k Kk k k kK 7k k2 k  k

SZ 52
P(2sa)) = P(0)e” ¥ = P(0)e aka?
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Binomické vs. normalni rozdéleni

Srovnani binomického a normalniho rozdéleniprop=0,5an=6

——Normal PDF
Binomial PDF

0.3

0.1

Zdroj:http://en.wikipedia.org/wiki/File:Binomial_ Distribution.svg


http://en.wikipedia.org/wiki/File:Binomial_Distribution.svg
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Studentovo rozdéleni t

e Pouziva se pro normalni rozdéleni pfi malém vzorku

r v+l 2\ —(v+1)/2

f(t) = g 1+ v
NIZi) (%) v

kde v je pocet stupni volnosti.

= odhad priimér( a chyby
= t-test — odliseni prdmérl

Méfeni
000000000000 e000
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Odhad spolehlivosti

x = (fix £ z,) [jednotka]

Statisticka definice (Stastny, 1997): Je-li vysledek méfeni i a z,je chyba tohoto méfeni
odpovidajici mife jistoty p, pak skute¢nd hodnota mérené veliciny lezi v intervalu (i, + z)

s pravdépodobnosti p.

e Intervaly
= 0,68 - stfedni kvadraticka chyba
= 0,95
= 0,99 - krajni chyba

e Zaokrouhlovani
= z:nejvyse na 2 platna mista
= jixpodle z,



Méfeni
000000000000 0e00

Odhad spolehlivosti

x = (fix £ z,) [jednotka]
Pro normalni rozdéleni chyby
] ﬂx :)?: 72’%1)([
s smérodatnd odchylka jednoho méfeni, D rozptyl

oo VDo T (x—x)2
n-1

o sy =2 (+)2s, a protoze méfeni byly provadény za stejnych podminek

% ZL(Y—Xi)z
SX_%_ n(n-1)



Pro normalni rozdéleni chyby

® Zy = f(pin-1)5x

Odhad spolehlivosti

x = (fix £ z,) [jednotka]

o

& 0,683 0,954 0,99 n 0,683 0,954 0,99
1 1,8395 13,8155 63,6567 16 1,0329 2,1633 2,9208
2 1,3224 4,5001 9,9248 18 1,0292 2,1433 2,8784
3 1,1978 3,2923 5,8409 20 1,0263 2,1276 2,8453
4 1,1425 2,8585 4,6041 30 1,0176 2,0817 2,75
5 1,113 2,6396 4,0321 40 1,0133 2,0595 2,7045
6 1,0913 2,5084 3,7074 50 1,0108 2,0463 2,6778
7 1,0775 24214 3,4995 60 1,0091 2,0377 2,6603
8 1,0673 2,3594 3,3554 70 1,0078 2,0315 2,6479
9 1,0594 2,3131 3,2498 80 1,0069 2,0269 2,6387

10 1,0533 2,2773 3,1693 920 1,0062 2,0234 2,6316
12 1,0441 2,2253 3,0545 100 1,0057 2,0206 2,6259
14 1,0377 2,1895 2,9768

Méfeni
000000000000 0e00
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x = (fix £ z,) [jednotka]

Priklad — méFeni vysky valecku (Stastny, 1997):

[vyskavimm] | 46 | 45 [ 47 | 44 | 45 | 46 | 44 [ 44 | 43 | 45 |

e n=10

e V=449[mm]

e s;=0,038[mm]
® toes09) = 1,059
® t(0,999) = 3,250

v=(4,49+0,04) mm prop=0,68
v=(4,49+0,12) mm prop=0,99
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Zakon prenosu chyb
o Na zdkladé Taylorova rozvoje do druhého ¢lenu

N [0z Nl 0z 0z

2

23 (2)aaS s 20,
? i=1 Ox l‘I/l-H8 a '
kde s)%_je rozptyl (variance) x; a g; je kovariance x; a X;.

Pro jednoduché pfipady, kdy x a y jsou nezavislé (o; = 0):

= aditivni funkce z = ax + by

sz=Ja?s2 + bzs}%, 4]
bs- \2 s \2
BT
X y
2 2
(- () 2
T \Ox X y X y

= Piiklad pouziti: http: //www.phy.ohiou.edu/~murphy/courses/sample.pdf

= multiplikativni funkce z = ax®y*

kde Z = ax’y°, protoze



http://www.phy.ohiou.edu/~murphy/courses/sample.pdf
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Skripta Fr. Stastného (Stastny, 1997)
http://amper.ped.muni.cz/jenik/nejistoty/


http://amper.ped.muni.cz/jenik/nejistoty/
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