MHOI'OITOTOYHOE
[ TPOTPAMMMPOBAHWE B JAVA

* [TakeTsl

* java.lang
 java.util.concurrent



CONCURRENCY UTILITIES

Habop KAOQCCOB, OOAETYAOLLMX HAMMCAHME
MHOTOMOTOYHbIX MPOOrPAMM

[lakeT java.util.concurrent.locks

* PaBoT1a ¢ OAOKMPOBKAMM

[lakeT java.ufil.concurrent.atomic
* ATOMAPHbIE NEPEMEHHbIE

[lakeTt java.util.concurrent
* [TOUMUTMBBLI CUHXPOHU3ALMM
* MHOTOMOTOYHbIE KOAAEKLLMM

* YNPOABAEHME 3AAAHMNAMM
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BITOKPOBKU U
VCITOBUSI

HACTb 1




bJIOKMPOBKA

* TOABKO OAMH MOTOK MOXXET BAOAETH OAOKMPOOBKOM

« Onepaumnm
* lock NOAYYUTb OAOKMPOBKY
« unlock OTAQTb OAOKMPOBKY
 tryLock NonpPoOOOBATL MOAYYMTE ODAOKMPOBKY

Java Advanced / java.util.concurrent



bJIOKMPOBKWM B JAVA

* MHTepdoenc Lock

* MEeTOAb
* lock() — 3axBATMTb OAOKMPOBKY
* locklinterruptibly() — 3axBaTTh OAOKMPOBKY
 tryLock(time?2) — nonbItTatbCa 30XBATUTb OAOKMPOOBKY
* unlock() — oTnyCTnTb OAOKMPOBKY

* [lepeaaya cobbiTi
« newCondition() — co3aaTtb YCAOBME
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YCI1OBWA

NHTepdenc Condifion

await(time?) — >XAQTb YCAOBMS

awaitUnftil(deadline) — >xAQTb YCAOBMA AO BPEMEHM
awaitUninterruptibly () — >xaaTb yCAOBUE

signal() — noAaTb CUTHAA

signalAll{) — mMOAQTb CUTHOA BCEM

HY>KHO BAOAETb POAMTEABCKOM DAOKMPOOBKOM
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[TPOVI3BOLUMTEJIb

PelLLueHre C NOMOLLLbIO CODbITUM
void set(Object data) throws InterruptedException {
lock.lock();
try {
while (data = null) notFull.await();
this.data = datq;
notEmpty.signal();
} finally {
lock.unlock();
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OCOBEHHOCTM

» OTCYTCTBME (DAOHYHOCTM))
* PasaeAeHHble OAOKMPOBKM

* HEOBOXOAMMOCTb IBHOTO OTMNYCKAHMUS

* TAMOMO
l.lock()

try {

} fi.n.;:xlly{
l.unlock()
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PEAJIVI3ALIVIA BJIOKMPOBKWU

Kaacc ReentrantLock

AOMOAHUTEABHbIE METOADI
* isFair() — «4eCTHOCTbL) BAOKMPOBKM
* isLocked() — BAOKMPOBKA 3AHATA

CTATUCTUKAO

- getQueuedThreads() / getQueuelength() /
hasQueuvedThread(thread) / hasQueuedThreads() — noToku,
KAYLLME ODAOKMPOOBKY

- getWaitingThreads(condition) /
getWaitQueuelength(condition) — moTtoku, XxayLme
YCAOBUE
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BOUNDED BUFFER

class BoundedBuffer {
final Lock lock = new ReentrantLock();
final Condition notFull = lock.newCondition();
final Condition notEmpty = lock.newCondition();

final Object[] items = new Object[100];
int putptr, takeptr, count;

public void put(Object x) throws InterruptedException {

}

public Object take() throws InterruptedException {

}
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BOUNDED BUFFER

public void put(Object x) throws InterruptedException {
lock.lock();
try {
while (count == items.length)
notFull.await();
items[putpitr] = x;
if (++putptr == items.length) putptr = 0;
=L e ORI
notEmpty.signal();
} finally {
lock.unlock();

}
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BOUNDED BUFFER

public Object take() throws InterruptedException {
lock.lock();
try {
while (count == 0)
notEmpty.await();
Object x = items[takeptr];
if (++takeptr == items.length) takeptr=0;
--count;
notFull.signal();
return x;
} finally {
lock.unlock();

}
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3AL

AYHA O UHUTATEITAX M TIMCATEJIAX

HYUTATb MOTYT MHOTO NMOTOKOB OAHOBPEMEHHO
[IMCATb MOXKET TOABKO OAMH MOTOK
HYUTATb BO BPEMSA 3ATMMUCU HEAB3S

Data
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YUUNTATEJIN N TINCATEJIN

MHTepdbenc ReadWriteLock

MeTOAbI
* readlLock() — OAOKMPOBKA AAF YUTATEAEM
« writeLock() — OAOKMPOBKA AAY MMCATEAEMN

Peaamsauma ReentrantReadWriteLock
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VITPAB/IEHUE
SAITAHUSIMU
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NCITOJIHUTEJ 1

* MIHTepdoenc Executor
« execute(Runnable) — BbIMOAHUTL 30AQHME

* BO3MOXXHbIE BAPMAHTbI BBINNTOAHEHWNA
* B TOM XX€e notoke

BO BHOBb CO3AQBAEMOM MOTOKE

[TYA MOTOKOB

HapaLLMBAEMbIM MYA MOTOKOB
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OYHKLIVV M PE3YJIbTATHI

MHtepdoenc Callable<V> — doyHkLMS

V call() — noAcY1TaTh PYHKLMIO

MHTepdoemc Future<V> — pe3yAbTar

get(timeout?) — NoOAY4YUTb PE3YABTAT
isDone() — OKOHYEHO AM BbINMOAHEHUE

cancel(maylnterruptWhenRunning) — npepBaTh
BbIMOAHEHME

isCancelled() — npepBAHO AU BbIMOAHEHWE
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NCITOJIHMTEJIN-2

MHTEepdbenc ExecutorService
» submit(Runnable) — BbIMOAHUTL 30AQHME
» Future<V> submit(Callable<V>) — BbITOAHUTE OYHKLMIO

* List<Future> invokeAll(List<Callable>) — BbiInoAHUTb BCE
AOYHKLMM

* Future invokeAny(List<Callable>) — ycneLiHO BbIMOAHUTb
AOYHKLMIO
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SABEPIHLIEHVE PABOTDI

shutdown() — NnpekpaT1Tb MPUMEM 3AAAHUNMU

List<Runnable> shutdownNow/() — npekpatmtb
BbIMOAHEHME

IsShutdown () — npekpaLLLEH AU NPUEM
iIsTerminated() — OKOHYEH AU BCE 30AQHMS

awaitTermination(timeout) — oXXmnaaHue
30BEPLLIEHMS
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KJITACC EXECUTORS

CO3A0HME MCMNOAHUTEAEM

- newCachedThreadPool()

* newFixedThreadPool(n)

« newsingleThreadExecutor()

Co3aaHne doabpmk NOTOKOB

« Kanacc ThreadFactory

Co3AaHME MPUBUMAETMPOOBAHHbBIX AEMCTBUN U
ADAOPMK MOTOKOB

* HOCAEAYIO MPABA CO3AQBLLETO
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[ IPVIMEP

class Task implements Runnable {
private int counter;
public Task(int num) { this.counter = num; }
public void run() {
while (counter-- > 0) {
System.out.printin(Thread.currentThread() + ": " + counter);
Thread.yield();

}

public class Main {
public static void main(String[] args) {
Random rand = new Random();
ExecutorService exec = Executors.newFixedThreadPool(2);
for (inti=0;i<5;i++){
exec.execute(new Task(Math.abs(rand.nextint())%10));

}

exec.shutdown();
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[TPVIMEP-2

class CallableTask implements Callable<integer> {
private int counter;
private final int number;
public CallableTask(int num) {
this.counter = num;
this.number = num;
}
public Integer call() {
while (counter-- > 0) {
System.out.printin(Thread.currentThread() + . " + counter);
Thread.yield();
}

return number;

}
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[TPVIMEP-2

public class MainCallable {
public static void main(String[] args) {
ArrayList<Future<integer>> results = new ArrayList<>();

ExecutorService exec = Executors.newCachedThreadPool();
for (inti=0;i<35;i++) {results.add(exec.submit(new CallableTask(i))); }
exec.shutdown();

for (Future<integer> fi : results) {
try {
System.out.printin(fi.get());

} catch (InterruptedException | ExecutionException e) {
e.printStackTrace(); }

fry {
System.out.printin(fi.get(5, TimeUnit.SECONDS));

} catch (InterruptedException | ExecutionException e | TimeoutException e) {
e.printStackTrace();

}
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PEATIV3ALIVA VICTIOJTTHUTEJIEN

» Kanacc ThreadPoolExecutor

corePoolSize — MMHUMOABHOE KOAMYECTBO MOTOKOB
MAaxPoolSize MOKCMMOABHOE KOAMYECTBO MOTOKOB
blockingQueue — o4epeab 30AQHNM
keepAliveTime — Bpems XM3HM MOoToKA
threadFactory — doabpmka NoTOKOB
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[ IPVIMEP

class DaemonThreadFactory implements ThreadFactory {
public Thread newThread(Runnabler) {
Thread t = new Thread(r);
t.setDaemon(true);
refurn t;

}

public class MainThreadFactory {
public static void main(String[] args) {
ArrayList<Future<integer>>results = new ArrayList<Future<integer>>();

ExecutorService exec = Executors.newCachedThreadPool(new DaemonThreadFactory());
for (inti=0;i<5;i++) { results.add(exec.submit(new CallableTask(i*100))); }
exec.shutdown();

for (Future<integer> fi : results) {
fry {
System.out.printin(fi.get());
} catch (InterruptedException | ExecutionException e) {
e.printStackTrace();

}
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OTKJIIOHEHWME 3AJAHNI

Het cBOOOAHOIO NOTOKAO M MECTA B O4EPEAM

[TOAUTUKMN OTKAOHEHMS

« AbortPolicy — 6pocuts RejectedExecutionException
» CallerRunsPolicy — MCNOAHUTL B BbI3bIBAKOLLLEM MOTOKE
» DiscardPolicy — npomrHompoBaTh

» DiscardOldestPolicy — 3ameHnTs camoe AaBHEE

MHTtepdoenc RejectedExecutionHandler
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OTJIOXEHHOE VICITOJIHEHNE

MHTepdoemnc ScheduledExecutorService
- schedule(callable, fimeout) — ncnoAHUTb Yepes timeout
» schedule(runnable, timeoute) — MCMOAHUTL Yepes timeout

» sheduleAtFixedRate(runnable, initialDelay, period) -
NEPUOANYECKOE MCMNOAHEHME

« scheduleWithFixedDelay(runnable, initialDelay, delay) —
MCMOAHEHME C PABHbIMU MHTEPBAAOMM

« Bce meToabl BO3BpaLLaoT ScheduledFuture
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PEAJIVISALIVIZL OTJIOKEHHOI'O
NCITOJIHEHM?1

- Kaacce ScheduledThreadPoolExecutor



[ TPVIMWTVBbI
CMHXPOHWM3ALIVMN

HACTb 3




[ TPVIMWTVIBbl CMUHXPOHV3ALIVIN

« Semaphore — cemadoop

» CyclicBarrier - MHOropa3oBbiv OApbep
« CountDownlatch — 3aLeAka

« Exchanger — paHaeBy
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CEMA®OP

* XPAHUT KOAMYECTBO PA3PELLEHMMN HO BXOA

« Onepaumnm
* acquire NOAYYUTb PA3PELLEHME
* release AOOQBUTb pa3peLleHne

« AOCTYN K OrPAHMYEHHbBIMK PECYPCOAMM

Java Advanced / java.util.concurrent



CEMA®OPHI B JAVA

KOHCTPYKTOPbI
« Semaphore(n, faire) — YCAO paA3pELLEHMMN M HECTHOCTD

MeETOADI

acquire(ne) — MOAY4YMTb PA3PELLIEHME

release(n?) — oTAQTb pa3peLLEHME

tryAquire(n?, time?) — nonpoboBATh MOAYYMTbL PA3PELLEHNE
reducePermits(n) — yMeHbLLIMTb KOAMYECTBO PA3PELLEHMM
drainPermits() — 3a6partb BCe pa3peLleHms

CTATMCTUKO
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bAPBEP

* [1OTOKM DAOKMPYIOTCA MOKA BCE MOTOKM HE MPUOYAYT
K Oapbepy
« OAHOPA30BbIM
* MHOropa30BbLIM
+ Onepaumm
 arrive NpuodbITME K DAPbEPY
* CUHXPOHM3ALMA MOTOKOB
* [lepeXoA K CAEAYIOLLLEMY ITAMY
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bAPBEPbBI B JAVA

* KOHCTPYKTOP®I
« CyclicBarrier(n, runnable?) — 441CAO NOTOKOB M AEUNCTBUME HO
bapbepe
* MeToAbI
await(time<¢) — bapbep.
reset() — Bo3BpaLLaeT DAPbEP B UCXOAHOE COCTOAHME
isBroken() — «CAOMAH) AW DApbeP
CTATMCTUKO
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[TPVIMEP. CKAYKN

class Horse implements Runnable {

private int strides = 0;

private static Random rand = new Random|(47);

private static CyclicBarrier barrier;

public Horse(CyclicBarrier b) { barrier = b; }

public void run() {

fry {
while(IThread.interrupted()) {
synchronized(this) {
strides += rand.nextInt(3); // Produces 0, 1 or 2

}

barrier.await();

}

} catch(InterruptedException ) {// NMpueMAEeMbI BOPUAHT BbIXOAQ
} catch(BrokenBarrierException e) {throw new RuntimeException(e);}

}
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[TPVIMEP. CKAYKN

public class HorseRace {
private List<Horse> horses = new Arraylist<Horse>();
private ExecutorService exec = Executors.newCachedThreadPool();
private CyclicBarrier barrier;
public HorseRace (int nHorses) {
barrier = new CyclicBarrier(nHorses, new Runnable() {
public void run() {
for(Horse horse : horses)
System.out.printin(horse.tracks());
for(Horse horse : horses)
if(horse.getStrides() >= FINISH_LINE) {
System.out.printin(horse + "won!");
exec.shutdownNow();
return;

}
}
)
for(int i =0; i < nHorses; i++) {
Horse horse = new Horse(barrier); horses.add(horse); exec.execute(horse);
}
}
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MOHWTOP

- Pasaeagsemble nepemMeHHbIE MHKAMNCYAMPOBOHbI B
MOHUTOPE

* KOA B MOHUTOPE UCMOAHIETCH HE DOAEE YEM
OAHMM MNMOTOKOM

* YCAOBUS
« Onepaunm C YCAOBUIMM
« wait OXXMAQHME YCAOBMS
* nofify coobOLLEeHMEe 00 YCAOBMM OAHOMY MOTOKY

* notifyAll coobLleHne 0O YCAOBMM BCEM MOTOKAM
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SAILIEJIKN

* OXXMAQHME 30BEPLLUEHNI HECKOABKMX PADOT

« Onepaumnm
« countDown() — onyckaeT 3aLLEeAKY HO EAMHULLY
* await() —>AeT Ccrnycka 3aLLLEeAKH
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SALIEJIKN B JAVA

* KOHCTPYKTOP
« CountDownLatch(n) — BbICOTQ 30LLLEAKM
* MeTOoAbI
« await(time?) — XXAEeT CNyCKA 30LLLEAKM
« countDown() — onycKkaeT 3aLLEeAKY HO EAMHULLY
« getCount() — TeKyLLLAS BbICOTA 3ALLLEAKM

* [lpmeHeHne
* MTHMUUMAAM3ALUMS
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[ IPVIMEP

// HOCTb OCHOBHOM 30AQ4M:
class TaskPortion implements Runnable {

private final CountDownlLatch latch;
TaskPortion(CountDownLatch latch) {
this.latch = latch;

}
public void run() {

fry {
doWork();
latch.countDown();

} catch(InterruptedException ex) {
// Tlpre MAE MbIN BOPUAHT BbIXOAC

}
}
}

/] OxmnaaHme no oovekry CountDownlLatch:
class WaitingTask implements Runnable {

private final CountDownlLatch latch;
WaitingTask(CountDownLatch latch) {
this.latch = latch;

}
public void run() {

try {

latch.await();

doWrk();

System.out.printin("barrier passed");
} catch(InterruptedException ex) {

System.out.printin(this + " interrupted");
}

}
}
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PAHJIEBY

* [103BOASET MOTOKAM CUMHXPOHHO OOMEHMBATHCH
OObEKTAMMU

> KOHCTPYKTOPSI
« Exchanger()

* MeToAbI
- exchange(V x, time?2) — oOMeHATbCH
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[ IPVIMEP

class ExchangerProducer<T> implements Runnable {

private Generator<T> generator;

private Exchanger<List<T>> exchanger;

private List<T> holder;

ExchangerProducer(Exchanger<List<T>> exchg, Generator<T> gen, List<T> holder) {
exchanger = exchg;
generator = gen;
this.holder = holder;

}
public void run() {

fry {
while(IThread.interrupted()) {
for(inti=0; i < ExchangerDemo.size; i++)
holder.add(generator.next());
holder = exchanger.exchange (holder);
}
} catch(InterruptedException e) {}
}
}
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[ IPVIMEP

class ExchangerConsumer<T> implements Runnable {
private Exchanger<List<T>> exchanger;
private List<T> holder;
private volatile T value;
ExchangerConsumer(Exchanger<List<T>> ex, List<T> holder){
exchanger = ex;
this.holder = holder;

}
public void run() {

fry {
while(IThread.interrupted()) {
holder = exchanger.exchange (holder);
for(T x : holder) {
value = Xx; // Bbibopka 3HOYEHMS
holder.remove(x);

}
}

} catch(InterruptedException e) {}
System.out.printin("Final value: " + value);

}
}
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[ IPVIMEP

public class ExchangerDemo {
stafic int size = 10;
static int delay = 5; // CekyHAb|
public stafic void main(String[] args) throws Exception {
ExecutorService exec = Executors.newCachedThreadPool();
Exchanger<List<Fat>> xc = new Exchanger<List<Fat>>();
List<Fat>
producerlist = new CopyOnWrite ArrayList<Fat>(),
consumerlList = new CopyOnWrite ArrayList<Fat>();
exec.execute(new ExchangerProducer<Fat>(xc,
BasicGenerator.create (Fat.class), producerlList));
exec.execute|(
new ExchangerConsumer<Fat>(xc,consumerlList));
TimeUnit.SECONDS .sleep(delay);
exec.shutdownNow();

}
}
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ATOMAPHBIE
OITEPALIM

HACTb 4




ATOMAPHA?’ OIIEPALIVA

« Onepaums BbIMOAHIEMAYI KOK EAMHOE LLEAOE
* YreHume
e 30MMChb

- HeaTtoMAapHbIE onepaumm
* VIHKpEMEHT
o AEKpeMEHT
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BVl ATOMAPHBIX OITEPALIT

* YtreHume
SEGlE]

* 30NMChb
* set

* YTeHune M 3anmchb
« getAndSet

* YCAOBHQ$ 3AMMChH
« compareAndSet
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VCITOBHASI 3ATIVCE

compareAndSet(old, new)
« ECAM TEKYLLEE 3HOYEHME PABHO old
* YCTAOHOBMUTb 3HOYEHUE B NEW

NAMOMO
do {
old = v.get();

new = process(old);
} while (v.ccompare AndSet(old, new));
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PEIIIEHUE 3AJJAUM JTOCTVIIA K
PECYPCY

// TIoAy4EeHME AOCTYMNA K PECYPCY
while(lv.compare AndSet(0, 1));

/] AENCTBUNA C PECYPCOM

// OCBODOXAEHMNE peCypCa
v.set(0);
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HEBJIOKMPVYIOIIMIM CYETYMK

public final class Counter { public class NonblockingCounter {
private long value = 0; private Atomiclinteger value;
public synchronized long public int getValue() {
getValue() { return value.get();
return value; )
}
: : public int increment() {
~ public synchronized long int v:
increment() { do {
return ++value; v = value.get():
} while (lvalue.compareAndSet(v,
} v+ 1))
e et 1
}
}
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ATOMAPHDIE OIEPALIVIV B JAVA

YTeHue / 3anuchb

« get() — atomapHoe YyteHmne

» set(value) — aToMmapHAq 3anmcChb

* |lazySet(value) — 3anunces 6e3 bapbepa

- getAndSet(value) — 4yteHme n 3anmcso

[1pOBEPKM

« compareAndSet(expected, value) — cpaBHEHME U 3AMUCH

- weakCompareAndSet(expected, value) — caaboe
CPOBHEHME U1 3AMUCH
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OIIEPALIVIV HALL HCJIAMMA

[lpe- onepaumm

« getAndincrement() — MHKpEMEHT
- getAndDecrement() — AekpemeHT
« addAndGet() — caoxeHme

[lOCT- onepaumm

* incrementAndGet() — MHKpeMEHT
« decrementAndGet() — AeKpeMeEHT
- getAndAdd() — cAroxeHue
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ATOMAPHDIE INIEPEMEHHDIE

* Tunbl

- AtomicBoolean

« Atomiclnteger

- AtomiclLong

- AtomicReference
« Onepaumnm

* OObl4yHbIE
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ATOMAPHDIE MACCVIBbI

* Tmnbl
- AtomiclntegerArray
- AtomicLongArray
- AtomicReferenceArray
« Onepaumm
* OObl4HbIE, C YKA3AHMEM MHAEKCA
* length() — Y41CAO SAEMEHTOB
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