ThreadPoolExecutors Revisited Uvaznuti Optimalizace vykonu Pamétovy model Javy

00000 0000000 0000 (e]e]

Vlaknové programovani
cast IX

Lukas Hejmanek, Petr Holub
{xhejtman, hopet}@ics.muni.cz

53

Laboratof pokrocilych sitovych technologii

PV192
2010-03-23



ThreadPoolExecutors Revisited Uvéznuti Optimalizace vykonu Pamétovy model Javy
00000 0000000 0000 (e]e]

Prehled prednasky
ThreadPoolExecutors Revisited
Uvaznuti
Optimalizace vykonu

Pamétovy model Javy

(ptiklady povétsinou prevzaty z JCiP, Goetz)



ThreadPoolExecutors Revisited

@0000

ThreadFactory

e TPE vytvéii vldkna pomoci ThreadFactory

default ThreadFactory: nedémonicka, bez specidlnich nastaveni

e Moznost pfedefinovat, jak se budou vytvaret vldkna

nastaveni pojmenovani vliaken

vlastni tfida vytvarenych vlaken (statistiky, ladéni)

speciﬁ kace vlastniho UncaughtExceptionHandler

nastaveni priorit (radéji nedélat)

nastaveni démonického stavu (radéji nedélat)

v piipadé pouziti bezpecnostnich politik (security policies) Ize pouzit
privilegedThreadFactory

& podédéni opravnéni, AccessControlContext a contextClassLoader
od vldkna vytvérejiciho privilegedThreadFactory
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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 Executort za béhu

e settery a gettery na rzné vlastnosti

e moznost pfetypovani executorl vyrobenych pres factory metody
(kromé newSingleThreadExecutor) NAa ThreadPoolExecutor
e omezeni modifikaci
= nechceme nechat vyvojare stourat do svych TPE
L] factory metoda Executor.unconfigurableExecutorService

# bere ExecutorService

# vraci omezenou ExecutorService pomoci
DelegatedExecutorService, kterd rozsifuje
AbstractExecutorService

L] vyuil'vénl' metodou newSingleThreadExecutor
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Modifikace TPE

e Hacky pro modifikace

® beforeExecute
= afterExecute

8 terminate

e Napf. sbér statistik

Pamétovy model Javy
(e]e]
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Modifikace TPE

public class TimingThreadPool extends ThreadPoolExecutor {

public TimingThreadPool () {
super(l, 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| }




ThreadPoolExecutors Revisited
[e]e]e] o}

Mozné feseni kvizu

public class DynamicTPE {

2 static class CustomTPE extends ThreadPoolExecutor {
final int userProvidedPoolSize;
4 final int queueCapacity;
6 CustomTPE (int corePoolSize, int maximumPoolSize,
long keepAliveTime, TimeUnit unit,

8 BlockingQueue<Runnable> workQueue) {
super (corePoolSize, maximumPoolSize,

10 keepAliveTime, unit, workQueue);
userProvidedPoolSize = corePoolSize;

12 queueCapacity = workQueue.size()

+ workQueue.remainingCapacity () ;
14 }

16 @QOverride public Future<?> submit (Runnable task) {
autoAdjustCorePoolSize() ;
18 return super.submit (task);

}
20
@Override synchronized public void setCorePoolSize
22 (int corePoolSize) {

super.setCorePoolSize (corePoolSize) ;

24 }

26 @Override synchronized public void setMaximumPoolSize
(int maximumPoolSize) {
28 super.setMaximumPoolSize (maximumPoolSize) ;
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Mozné feseni kvizu

synchronized private void autoAdjustCorePoolSize() {

final int queueRemaining = getQueue () .remainingCapacity();
final int extension;
if (queueRemaining < 0.25 * queueCapacity) {
extension = (int) Math.round(0.25 * queueCapacity
- queueRemaining);
if (getCorePoolSize() + extension < getMaximumPoolSize())
setCorePoolSize (getCorePoolSize () + extension);
else
setCorePoolSize (getMaximumPoolSize()) ;

else if (queueRemaining > 0.75 * queueCapacity) {
extension = (int) Math.round (queueRemaining
- 0.75 * queueCapacity);
if (getCorePoolSize() - extension > userProvidedPoolSize)
setCorePoolSize (getCorePoolSize () - extension);
else
setCorePoolSize (userProvidedPoolSize) ;
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Mozné feseni kvizu

20

22

24

26

28

public static void main(String[] args) {

ThreadPoolExecutor tpe = new CustomTPE (1, 10, 60, TimeUnit.SECONDS
tpe.setRejectedExecutionHandler (new ThreadPoolExecutor.CallerRunsP
ArrayList<Future> taskList = new ArrayList<Future>();
Runnable r = new Runnable() {
public void run() {
try {
Thread.sleep (30) ;
} catch (InterruptedException e) {
}
System.out.println("bla");
}
}i
for (int i = 0; i < 1000; i++) {

Future f tpe.submit (r) ;

taskList.add (f);

System.out .println ("TPE corepoolsize: " + tpe.getCorePoolSize (
System.out.println ("TPE poolsize: " + tpe.getPoolSize());

for (Future future : taskList) {
try {
Object o = future.get();
} catch (InterruptedException e) {
} catch (ExecutionException e) {
}
}
tpe.shutdown () ;

, new
olicy (
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Mozné feseni kvizu
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Mozné reseni kvizu

e Stoji nam to za to?
= drahd synchronizace
= reZije se startovanim a ukoncovénim vlaken
= nestaci vhodné nastavit corePoolsize a allowCoreThreadTimeOut?
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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

Pamétovy model Javy



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

Uvaznuti
®000000

Deadlock

e Deadlock - uvaznuti, smrtelné objeti ;-)
e Vzajemné nekoncici ¢ekani na zamky
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e Potieba globalniho usporadani zamki
= zamykdni podle globdlniho uspofadani
e Moznost vyuiitl' Lock.tryLock ()

= ndhodny rovhnomérny back-off
= ndhodny exponencialni back-off
= nelze pouzit s monitory

e Reseni deadlock(i 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

public static void transferMoney (Account fromAccount, &, S
Account toAccount, @
DollarAmount amount) . N

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

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) ;

® System.identityHashCode (o) muze vratit pro dva rizné 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

20

22

24

while (true) {
if (fromAcct.lock.tryLock()) {
try {
if (toAcct.lock.tryLock()) {
try {
if (fromAcct.getBalance () .compareTo (amount) <
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);

0)
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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

e Oteviené volani (open call)
= volani cizi, které neni obaleno zadnou synchronizaci
= 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

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;
@GuardedBy ("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 Hladoveéni (starvation) nastava, pokud je vlaknu neustéle 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” problému

1

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 pravy
= o.wait () @ o.notify() resp.o.notifyall nemaji mechanismus zdrzeni
notifikace
= pokud vldkno usne na o.wait () pozdéji, nez mélo byt notifikovano pres
o.notify, nikdy se nevzbudi
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Dalsi typy uvaznuti

e Podminéna signalizace
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Dalsi typy uvaznuti

// podmineny predikat musi byt chraneny zamkem
synchronized (lock) {
while (!conditionPredicate)
lock.wait () ;
// nyni je objekt v pozadovanem stavu

e Pravidla pro signalizaci s podminkami

1.
2.

4.

zformulovat a ovéfit podminku pred volanim wait ()
wait () beZet ve smycce, kontrolovat po vzbuzeni

* probuzenizwait () mohlo nastat z jiného diivodu
zajistit, aby proménné v podmince byly chrdnény tim zdmkem, ktery se
pouziva v monitoru
drzet zamek v dobé volani wait (), notify (), notifyAll ()

e Potfeba zajistit, aby pfi zméné podminky vzdy nékdo zasignalizoval

e Signal se mUze ztratit, pokud bychom se vzdali mezi dalSim testem
monitoru
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Hledani problém

o Vypis stavu JVM

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

1)
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Hledani problém

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) {
}

1)

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=0xl1la38 waiting for monitor entry [0x0477£000]
java.lang.Thread.State: BLOCKED (on object monitor)
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)
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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 [0x000
java.lang.Thread.State: RUNNABLE

"Attach Listener" daemon prio=10 tid=0x02118400 nid=0x13d0 runnable [0x00000000]
java.lang.Thread.State: RUNNABLE

"Signal Dispatcher" daemon prio=10 tid=0x02115400 nid=0x5a0 waiting on condition [0x00
java.lang.Thread.State: RUNNABLE

poooo0]

p00000]

Heap
def new generation total 4928K, used 466K [0x243b0000, 0x24900000, 0x29900000)
eden space 4416K, 10% used [0x243b0000, 0x24424828, 0x24800000)
from space 512K, 0% used [0x24800000, 0x24800000, 0x24880000)
to space 512K, 0% used [0x24880000, 0x24880000, 0x24900000)
tenured generation total 10944K, used OK [0x29900000, 0x2a3b0000, 0x343b0000)
the space 10944K, 0% used [0x29900000, 0x29900000, 0x29900200, 0x2a3b0000)
compacting perm gen total 12288K, used 42K [0x343b0000, 0x34fb0000, 0x383b0000)
the space 12288K, 0% used [0x343b0000, 0x343ba960, 0x343baa00, 0x34£fb0000)
ro space 10240K, 51% used [0x383b0000, 0x388dae00, 0x388dae00, 0x38db0000)
rw space 12288K, 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/

# FindBugs: Priklad

=5 Eol |
file Edit View Navigation Designation Help

e———

Category | Bug Kind | Bug Pattern | & Priority
=
9 1 Multthreaded correctness (2)
-3 Sieep with lock held (2)
¢ (= Method calls Thread sleep() with a lock held (2)
sy’

[ Viewin brow:
¥ S

*
public class IntentionalDeadlock |
public static void main(Scring[] args) {
final Object a = new Object();
final Object b = new Object():

Thread ti = new Thread (nev Runnable() [
public void run() {
try

Tock held|
[0} intentionalDeadlocks2 run() calls Thread sleep() with alock held
¢ (3 Performance (1)
¢ 3 Inner class could be made static (1)
o [ Should be a static inner class (1)

{
synchronized (a) {
Thread. sleep(1000);

Stovem.ou peiacin(*c1 - oeken 18 b%:
a T synchronized (b) [
T Seeten. ot potacta("cl - Jotn a8e"):
(Classityunciassified
1
: A ———
1
1
] [_provous |

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

Method calls Thread.sleep() with a lock held
Thread sleep( with a lock held. This
the lock, which releases the lock and allows ofher threads to run

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

Ittp:/findbugs sourceforge.net

@Uvaiksnv oF
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Anotace

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

import net. jcip.annotations.GuardedBy;
// http://www.javaconcurrencyinpractice.com/jcip-annotations. jar

~
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Anotace

e Anotace tfid
5 @Immutable
® @ThreadSafe
B @NotThreadSafe

e Anotace poli
¥ @GuardedBy ("this")
& monitor (intrinsic lock) na this
¥ @QGuardedBy (" jmenoPole")

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

® Q@GuardedBy ("JmenoTridy. jmenoPole")

+ obdobné, odkazuje se statické pole jiné tfidy
¥ @QGuardedBy (" jmenoMetody () ")

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

+ literdl tfidy (objekt) pro pojmenovanou tfidu
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Omezovani zamku

zrychleni < ——
S+ =2

n
e JVM se snazi délat
= eliminaci synchronizaci, které nemohou nastat (napf. pomoci escape
analysis)
= kombinace vice zamk( do jednoho (lock coarsening)
e Zbytec¢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
= ofezévani zdmka (lock stripping)
= RW zamky
e Neprovadét object pooling na jednoduchych objektech
= new je levnéjsi jako malloc

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

}
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Omezovani zamku

zrychleni < ——
S+ =2

n
e JVM se snazi délat
= eliminaci synchronizaci, které nemohou nastat (napf. pomoci escape
analysis)
= kombinace vice zamk( do jednoho (lock coarsening)
e Zbytec¢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
= ofezévani zdmka (lock stripping)
= RW zamky
e Neprovadét object pooling na jednoduchych objektech
= new je levnéjsi jako malloc

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

}
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Omezovani zamku

e Podobné jako déleni zamk(, ale pro proménny pocet nezavislych
proménnych/objekt(
o Pfiklad ofezavani zamka - ConcurrentHashMap
= 16 zamkU
= kazdy z N hash buckets je chrdnény zamkem N mod 16
= piedpokldddme rovnomérné rozdéleni polozek mezi kbeliky
== 16 paralelnich ptistupt
— pfistup k celé kolekci vyzaduje vsech 16 zamkii
= rozdéleni kumulativnich poli do jednotlivych kbelik
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Interakce s JVM pii méreni

e Problém garbage collection

® -verbose:gc
= kratkd méreni: 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

dostate¢ny warm-up (minuty!)

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

housekeeping tasks: oddéleni nesouvisejicich méfeni pauzou nebo
restartem JVM
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Nékolik rad a myslenek k méreni

Einmal is keinmal!

Pramér

X == 1)

Smérodatna neboli standardni odchylka

= LZN:(X._;)Z_ 1 ZN:XZ—N)Yz )
7 N-15 SN N-T\ET

Smérodatna odchylka aritmetického priiméru

Ox

VN

Ze smérodatné odchylky aritmetického priméru mimo jiné také plyne
jeji zdvislost na poctu vzorkd, tj. chceme-li zvysit pfesnost dvakrdt,
musime zvétsit velikost vzorku Ctyfikrdt.

3)

Ox =
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Nékolik rad a myslenek k méreni

e Odhad spolehlivosti pro normalni rozdéleni

Polointerval  Uroven spolehlivosti [%]

o 68.27
1.960 95.0
20 95.45
30 99.73
40 99.99

BéZné se uvadi pfesnost na 95 %, tedy pro normalni rozdéleni

X +1.960% (1)
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000e

Nékolik rad a myslenek k méreni

e Centrdlni limitni véta:
Pro velky pocet nezavislych proménnych se stale stejnym rozdélenim
bude jejich rozdéleni pfiblizné odpovidat rozdéleni normalnimu, a to
za predpokladu, ze ndhodné proménné maiji konecny rozptyl.
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Nékolik rad a myslenek k méreni

e Mame normalni rozdéleni?

= Sikmost (skewness - tfeti moment) +; resp. g1 pro vzorky
= 3picatost (kurtosis — ¢tvrty moment) -y, resp. g1 pro vzorky

g ms 15 N(x -%)?
LY N —\3/2
my (%Ziﬂ N(x,-—x)z)
gr="4 _3- p Zimt N = %)* -3
2 2
m> (%Zi:l N(Xi_x)z)

= g; = 0 normalni

= g; < 0vice vzork( je nalevo
= g; > 0 naopak napravo

= g = 0 normalni

= g, < 0tézké konce rozdéleni
= g, > 0lehké konce

Pamétovy model Javy

1
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Nékolik rad a myslenek k méreni

e Skripta Fr. Stastného
http://amper.ped.muni.cz/jenik/nejistoty/


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

Pamétovy model Javy
@0

long promenna = 10000000L;
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Pamétovy model Javy

e happens-before
= Caste¢né usporadani

The rules for happens-before are:

Program order rule. Fach action in a thread happens-before every ac-
tion in that thread that comes later in the program order.

Monitor lock rule. An unlock on a monitor lock happens-before every
subsequent lock on that same monitor lock.?

Volatile variable rule. A write to a volatile field happens-before every
subsequent read of that same field.*

Thread start rule. A call to Thread.start on a thread happens-before
every action in the started thread.

Tabulka prevzata z JCiP, Goetz
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Pamétovy model Javy

Thread termination rule. Any action in a thread happens-before any
other thread detects that thread has terminated, either by success-
fully return from Thread.join or by Thread.isAlive returning
false.

Interruption rule, A thread calling interrupt on another thread
happens-before the interrupted thread detects the interrupt (either
by having InterruptedException thrown, or invoking isInter-
rupted or interrupted).

Finalizer rule. The end of a constructor for an object happens-before
the start of the finalizer for that object.

Transitivity. If A happens-before B, and B happens-before C, then A
happens-before C.

Tabulka prevzata z JCiP, Goetz
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e Piggybacking

spojeni happens-before pravidla s jinym pravidlem, obvykle monitorem
nebo volatile
radéji nepouzivat
piiklad: http: //kickjava.com/src/java/util/
concurrent/FutureTask. java.htm

# postaveno na tryReleaseShared happens-before tryAcquireShared

+ kombinace volatilni proménné runner, do které tryReleaseShared

zapisuje s program order


http://kickjava.com/src/java/util/concurrent/FutureTask.java.htm
http://kickjava.com/src/java/util/concurrent/FutureTask.java.htm

Pamétovy model Javy

oce

Pamétovy model Javy

void innerSet (V v) {

for (;;) {

int s = getState();

if (ranOrCancelled(s))
return;

if (compareAndSetState (s, RAN))
break;

}
result = v;
releaseShared(0) ;
done () ;

V innerGet () throws InterruptedException JavaDoc, ExecutionExcepti
acquireSharedInterruptibly (0) ;

if (getState() == CANCELLED)
throw new CancellationException JavaDoc();
if (exception != null)

throw new ExecutionException JavaDoc (exception);
return result;

on Jav




Pamétovy model Javy

e lind inicializace

Pamétovy model Javy
oce

public class UnsafelazyInitialization {

private static Resource resource; <\ VY,
public static Resource getlInstance() { 5 S
if (resource == null)

resource = new Resource(); // unsafe publication
return resource;

}

static class Resource {

}
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@ThreadSafe
2| public class SafelLazylInitialization {
private static Resource resource;

public synchronized static Resource getInstance() {

6 if (resource == null)
resource = new Resource();
8 return resource;

}

static class Resource {

12 }

e lina inicializace thread-safe
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@ThreadSafe
public class EagerInitialization {
private static Resource resource = new Resource();

public static Resource getResource() {
return resource;

}

static class Resource {

}

e ,dychtivd” inicializace

e vyuziva skute¢nosti, Ze statické inicializatory jsou vzdy dokonceny

pred pouzitim tfidy
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@ThreadSafe
public class ResourceFactory {
private static class ResourceHolder ({
public static Resource resource = new Resource();

}

public static Resource getResource() {
return ResourceFactory.ResourceHolder.resource;

}

static class Resource {

}

e idiom liné inicializace s pouzitim holder class
e vyuziva liné inicializace tfid
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public class DoubleCheckedLocking {
private static Resource resource;

public static Resource getlInstance() {

if (resource == null) {
synchronized (DoubleCheckedLocking.class) {
if (resource == null)

resource = new Resource();

}
}

return resource;

Double Checked Locking anti-pattern
e pomiji MozZNnost, Ze resource je v nedefinovaném stavu

od Java 5.0 mozno spravit pouzitim volatile

nepouzivat
= aniv C/C++!
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