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Java Concurrency

2 noagxona kK pa3paboTke MHOTOMOTOYHbIX MPUNOXEHWUIA:

{

HuskoypoBHeBbIN: Thread, Runnable, wait/notify,
synchronized. '

1.lNakeT java.util.concurrent: BbiCOKOypoBHEBOE API
napannenbLHoro nporpaMmmmMpoBaHng |
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CocTOoAHMSA NOoTOoKa
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Knacc Thread

IgetName() - nony4nTb MMS NOTOKA;
IgetPriority() - nony4nTb NnpnopuUTeT NOTOKA;
lisAlive() - onpegenuTb, BbINONHAETCS SN MOTOK;

ljoin() - oXkupatb 3aBepLUEHNA NOTOKa;

Irun() - meToA, coaepxalunn Ko, KOTOPbIN BbIMOSIHAETCA B
OAaHHOM MOTOKeE;

Istart() - 3anycTnTb NOTOK;

I[static] sleep() - npnocTaHOBUTL BbINONMHEHUE TEKYLLEro
NOTOKa Ha 3afjaHHOe BpeMs.
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Co3pnaHuve noTtokKa: HacnegosaHue

class MyThread extends Thread {
@Override
public void run () {
for (int 1 = 0; 1 < 10; 1i++) {
System.out.println ("Hello") ;
}

3anyck noToka:

new MyThread () .start ()
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Co3aaHue notoka: peanu3auma Run

class MyRunnable implements Runnable ({
@Override
public void run () {
for (int 1 = 0; 1 < 10; 1++) {
System.out.println ("world") ;

}

3anyck noToka:

new Thread (new MyRunnable()) .start (),
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class Counter ({
private int count;

CuvHXpoHU3auun

public void increment () { count++;

public int getValue () { return count;

private Counter counter;
public IncrementerThread (Counter counter) { this.counter = counter;

public static void runExperiment (Counter counter) throws Exception

Thread tl = new IncrementerThread (counter);
Thread t2 = new IncrementerThread (counter);
long startTime = System. currentTimeMillis();

tl.start(); tZ2.start();
tl.join(); t2.join();
long elapsed = System. currentTimeMillis() - startTime;
System. out.println ("counter=" + counter.getValue() + ",
elapsed(ms)=" + elapsed);
}

public void run() {
for (int i = 0; i < 100 000 000; i++) {
counter.increment () ;
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Pesynbratbl UnsafeCounter

counter = 100 020 579, time elapsed(ms)= 36
counter = 106 287 016, time elapsed(ms)= 33
counter = 105 950 712, time elapsed(ms)= 32
counter = 101 197 861, time elapsed(ms)= 32
counter = 100 029 825, time elapsed(ms)= 40

avg = 34.6 mc

OuyeHb ObICTPO, HO HeBepHO (oxuaanu 200 000 000).
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SharedObject

Both Thread Calling incrementValue() at the Same time i
Variable Status

| 'iitempf:";o

value=0

value=0




CSIMBIRSOFT
CVHXpPOHU3NpPOBaHHbLIE MeTOoAbI

public class SafeCounterSynchronized implements Counter
private int count;

@Override
public synchronized void increment () {

count++;

}

@Override
public synchronized int getValue() ({

return count;

}

avg time = 29,6 c

IpumMep ReentrantLock
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B3anmogencreme mexay notokamu

public class JobQueue

{
ArrayList<Runnable> jobs = new ArrayList<Runnable>() ;

public synchronized void put (Runnable job)
{

jobs.add (job) ;

this.notifyAll () ;

}

public synchronized Runnable getJob ()

{ -

while (jobs.size ()==0)
this.wait() ;

return jobs.remove (0) ;

}
}
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wait() / notify() / notifyAll()

class DataManager {
private static Object monitor = new Object () ;

public void sendData () {
synchronized (monitor) {
try {
while (!someCondition) monitor.wait();

}

catch (InterruptedException ex) {}
System.out.println ("Sending data...");

}
public void prepareData () {

synchronized (monitor) {
System.out.println ("Data is ready") ;
monitor.notifyAll () ;
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Deadlock

public class DeadlockRisk {
private static class Resource {public int value;}
private Resource resourceA = new Resource () ;
private Resource resourceB = new Resource () ;

public int read () {
synchronized (resourceA) {
synchronized (resourceB) ({
return resourcelA.value + resourceB.value;

public void write (int a, int b) {
synchronized (resourceB) {
synchronized (resourced) ({
resourceA.value = a;
resourceB.value = Db;
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AToMapHble onepauuu

ATOMapHble onepaLnmn BbINONTHAKTCA LIENUKOM, UX
BbIMOJTHEHME HE MOXET ObITb MPepBaHO MIaHUPOBLLMKOM
NOTOKOB.

CneunanbHble Knacchbl A5 BbINOMTHEHUA aTOMapPHbIX
ornepauunn HaxogAaTcs B NakeTe
java.util.concurrent.atomic:

AtomicInteger
AtomicLong
AtomicDouble
AtomicReference

... W apyrue.
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NMpumep: AtomicInteger

import java.util.concurrent.atomic.AtomicInteger;

class SafeCounterAtomic implements Counter ({
private AtomicInteger count = new AtomicInteger (0) ;

@Override
public void increment () {
count.incrementAndGet () ;

}

@QOverride
public int getValue () {
return count.intValue () ;

}

avg time = 13,2 c
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interface Lock

Haxoountca B nakete java.util.concurrent. locks

B otnnune ot synchronized Lock public class Counter
ABNACTCA HE Cpe'D'CTBOM HSbIKa’ private Lock lock = new ReentrantLock():’
a 00bl4HbIM 00BEKTOM C HAbOPOM METOZ0B. private int count = 0;
B aTOM cnyyae KpUTUYECKYH CEKLMIO B e
i0rpaH1yMBatoT onepaumm 1ock () nunlock () lock. lock() ;

v int newCount = ++Hcount;
Bb130B lock() 6rokupyeT, ecnn Lock B AaHHbIN e

IMOMEHT 3aHAT, NO3TOMY YA0OHO 1CMONb30BaTh METOR } return nevCount;
tryLock (), KOTOpbIil Cpa3y BEpHeT ynpaBneHne |

11 pesynbTaTr

-[1pn ncnonb3oaHum Lock He ByayT paboTtaTb CTaHAAPTHLIE METOALI wait (),
notify () nnotifyAll (), Beab MOHATOP KaK TAKOBOM He UCMOMb3YeTCH
-BmecTo Hux ncnonb3yroTea peanusauum nHtepdenca Condition, accoummnpoBaHHbIe €
Lock: Heobxoaumo BbI3BaTh Lock .newCondition () uyxey Condition
Bbl3blBaTb METOObl await (), signal () UsignalAll ()

C opgHum Lock moxHO accoummnpoBaTb Heckonbko Condition

class ReentrantlLock
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interface Lock

-Hanbonee pacnpoctpaHeHHbI naTTepH Lock 1 =...;
ons pabotel ¢ Lock'amn npeacraeneH l.1lock():
crpasa rEL

-OH rapaHTupyeT, 4to Lock ByaeTt oTnyLLeH B s
NnioBoM crydae, Aaxe ecnu Npu pabote ¢y finally |
pecypcom byaeT BbIOPOLLEHO UCKIIOYEHME l.unlock();

-[ins synchronized aTo0T noaxop HeakTyaneH — TdM cpeacTBaMi s3blka

NpeaoCcTaBnNAETCA rapaHTus, YTO MbIOTEKC OyaeT OTMyLLEH

-JTOT NaTTEPH BECbMA MNONE3eH B NM0bOM cutyauum, TpebytoLen 0bs3aTesnHOro

0CcBODOXOEHMS pecypcoB

«LlInpoko ncnonbayrotca e 0CHOBHbIE peanusauum Lock:

-ReentrantLock gonyckaeT BNoXeHHbIe KpUTUYECKne CeKLnu

-ReadWriteLock nmeeT pasHble mexaHn3mbl OSIOKMPOBKM Ha YTEHWE U 3aMUCH,

No3BONsS YMEHbLWMTbL HaKNagHble pacxoabl
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[lpumep ReentrantLock

import java.util.concurrent.locks.Lock;
import java.util.concurrent.locks.ReentrantLock;

class SafeCounterWithLocks implements Counter {
private int count;
private Lock lock = new ReentrantLock();

@Override

public void increment () {
lock.lock () ;
count++;

lock.unlock () ;

@Override

public int getValue () {
lock.lock () ;
int value = count;
lock.unlock () ;
return value;

avg time = 22,4 c
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Mpumep tryLock()

import java.util.concurrent.locks.Lock;
import java.util.concurrent.locks.ReentrantLock;

class SafeCounterWithTryLock implements Counter {

private int count;
private Lock lock = new ReentrantLock();

@Override
public void increment () {
boolean locked = false;
while (!locked) {
locked = lock. tryLock() ;
}
if (locked) {
count++;
lock.unlock () ;

@Override

public int getValue () {
lock.lock();
int value = count;
lock.unlock () ;
return value;

merre dammm a= DD L o~
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interface ReadWritelock

MeToabl:
Lock readLock () ;
Lock writeLock () ;

YutaTb MOryT HECKOJIbKO NMOTOKOB O4HOBPEMEHHO.
Ho nncatb MOXET TONbKO OAUH MOTOK.

class ReentrantReadWritel.ock
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NMpumep ReadWriteLock

import java.util.concurrent.locks.ReadWritelock;
import java.util.concurrent.locks.ReentrantReadWriteLock;

public class SafeCounterReentrantRWLock implements Counter {

private int count;
private ReadWriteLock lock = new ReentrantReadWriteLock() ;

@Override

public void increment () {
lock.writeLock () .lock () ;
count++;

lock.writeLock () .unlock () ;

@Override

public int getValue () {
lock.readLock () .lock() ;
int value = count;
lock.readLock () .unlock() ;
return value;

avg time = 21,8 c
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CpaBHeHue Npon3BoaAUTENIbHOCTH

MeToa CMHXpPOHU3aLUU Bpems BbinonHeHus (C)

atomic 13.2
ReentrantReadWriteLock  21.8

ReentrantLock 22.4
synchronized 29.6

tryLock() + while 32.6
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interface Condition

MeToabl:

void await () throws InterruptedException;

void signal () ;
void signalAll () ;

CosnaHue:

Lock lock = new ReentrantLock () ;

Condition blockingPoolA = lock.newCondition();
Condition blockingPoolB = lock.newCondition () ;
Condition blockingPoolC = lock.newCondition () ;
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Condition: npuMeHeHue

[TlepBbI NOTOK 3axBaTbIiBAET OMTOKMPOBKY, 3aTEM BbI3bIBAET
await() y oobekta Condition:

lock.lock() ;

try { blockingPoolA.await(); // xméM BTOpPOM NOTOK
// mpogmosnxaem pa6oTy

}

catch (InterruptedException ex) {}

finally {lock.unlock() ;}

BTopoi NOTOK BLIMNOMHSAET CBOK YacTb 1 OyAUT NepPBLIA MNOTOK:

lock.lock() ;

try {

// BHOOJNIHeHMe paboTs
blockingPoolA.signal’All(); //6ymuM 1 moTok

}
finally {lock.unlock() ;}
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Concurrent Collections

1CopyOnWriteArrayList
1CopyOnWriteArraySet

1ConcurrentHashMap
1ConcurrentLinkedDeque
1ConcurrentLinkedQueue
1ConcurrentSkipListMap
1ConcurrentSkipListSet




IMBIRSOFT
Copy-on-write

-CopyOnWriteArrayList u CopyOnWriteArraySet ocHoBaHbI Ha MaccuBe,
KOMMPYEMOM Mpu onepaLinu 3anucu

-YXe OTKPbITblE UTEPATOPLI PN 3TOM HE YBUAAT USMEHEHWIN B KONMEKLINK
-JTU KONNeKUun crneayeT ncnonb3oeaTthb TOMbKO koraa 90+% onepauui
ABNAITCA onepauUmsammn YTeHUs

-[1pu yacTbIx onepaumsix moamdukaLmm bonbluas Konnekuus crnocobHa
yOUTb NPOM3BOANTENBHOCTb

-COpTMPOBKa 3TUX KONJEKLMIA He NoaaepKMBaETCs, T.K. OHa NoApa3yMeBaeT
O(n) onepauumn BCTaBKM

/ITepaTopb! N0 3TUM KONnekUMam He NOAAEPKUBAKOT onepaLum
MOoAMMUKaLum
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CUHXPOHM3ATOPbI

[pegHasHa4veHbl 4nga perynmpoBaHus u
OorpaHn4yeHmnst NOTOKOB. NpeaocTaBnaoT bonee
BbICOKUI YPOBEHb abCTpakLUnm, YeM MOHUTOPGI.
Semaphore
CountDownlLatch
(CyclicBarrier
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Semaphore

-O0BbEKT, NO3BOMSIOLLNIA BOUTKU B 3aaHHbIN
y4acToK kKofa He bonee Yem n noTokam
OHOBPEMEHHO

N onpegenseTca napameTpom
KOHCTPYKTOpa

«[1pn N=1 no gencreunto aHanornyeH Lock
-Fairness — rapaHTus o4epeHOCTH NMOTOKOB

Semaphore semaphore = new Semaphore(4):
semaphore.acquire();

semaphore.release():

boolean available = semaphore.tryAcquire():




bnokupyrowme oyepeau

ArrayBlockingQueue
LinkedBlockingDeque L pounded
LinkedBlockingQueue

PriorityBlockingQueue

DelayQueue anemMeHMmbI ¢ 3a0epKKoll
_inked TransferQueue yHUBepcasbHas o4epedb
SynchronousQueue émkocmb 0

IMBIRSOFT
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Bounded Queues: npumep

BlockingQueue<Integer> bg =
try {

bg.put (24) ;
bg.put (25); // 6inokupoBka no ymasneHus 24 wu3 ouepel
} catch (InterruptedException ex) {

}

new ArrayBlockingQueue<> (



bnokupyrouwiune oyepeaun: metoabl

MeToabl Nony4YeHnsa arieMeHToB BITOKMPYOLLEN
oyepeam:

take() - Bo3BpaLlaeT NnepBbIit 0OLEKT oYepeau, yaanss ero u3 odyepeaun.
Ecnu ouepenpb nycras, Grokupyetcs.

poll() - Bo3BpaLLaeT NepBbi 0OBLEKT ovepeau, yaandsa ero u3 ovepeau.
Ecnu ovepenb nyctas, Bosspatuaet null.

element() - BO3BpaLLaeT nNepBbIN ANEeMeHT oYepean, He yaanas ero n3 oyepeaun.
Ecnn ovepenb nyctas, To NoSuchElementException.

peek() - Bo3BpaLLaeT NepBblil ANEMEHT odepean, He yaandsa ero u3 ovepeau.
Ecnu ovepenb nycras, Bosspatuaet null.

CSIMBIRSOFT




java.util.concurrent.Executor

Llenb npumeHeHunA: otaenntb padoTy, BbINOITHAEMYH BHYTPU
MOTOKa, OT JIOrMKN CO3[AaHNS MOTOKOB.

CospgaHue:
public class SimpleThreadExecutor implements Executor {
@Override
public void execute(Runnable command) {
command.run();
}

}

Ucnonb3oBaHue:

Runnable runnable = new MyRunnableTask();
Executor executor = new SimpleThreadExecutor();
executor.execute(runnable);

SIMBIRSOFT




CtaHpapTtHble Executor-bl

Executors.newCachedThreadPool () ;
CO3a€T HOBbIE€ NOTOKW NP HEOBXOAMMOCTU, MOBTOPHO
NCNnoJsib3yet OCBO6OJJ,VIBLLIVI€CFI MOTOKA

Executors.newlFixedThreadPool (12) ;
C orpaHn4yeHmem Korm4yecTtBa NnoToKoB

Executors.newSingleThreadExecutor () ;
POBHO OAMH NOTOK

Executors.newScheduledThreadPool () ;
MO>XHO HaCTPOUTb 3a4ePXKKYy 3anycka / NOBTOPHbIW 3amnyckK

Bce a1 meToabl Bo3BpalwlatoT ExecutorService:

public interface ExecutorService extends Executor

CSIMBIRSOFT
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java.util.concurrent.Callable

B ExecutorService MOXHO nepegasatb Callable u Runnable.

PasHuua: Callable moxeTt Bo3Bpawath pesyneraT (B Buae Future).

class MyCallable implements Callable<String> {
@Override
public String call() {
StringBuilder builder = new StringBuilder (str):;
builder.reverse () ;
return builder.toString();
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Future

Callable<String> callable = new MyCallable()
ExecutorService ex = Executors.newCachedThreadPool () ;
Future<String> f = ex.submit(callable);

try {
Integer v = f.get();
System.out.println (v) ;
} catch (InterruptedException | ExecutionException e)

boolean cancel(boolean maylnterrupt); OcTtaHaBnuBaeT 3agauvy.
boolean isCancelled(); BosBpaliaert true, ecnun 3agava

bbina OCTaHOBIEeHa.

boolean isDone(); BosBpaluaert true, ecnu BbINos
3a[1a4u 3aBepLUEHO. X

get(); Bosspaluaer pesynsrar Bbl3o

MeToaa call unm knpaer
NCKITIOYEHME, ecnun oHo ©



