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YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

NMone3Hble MeToAbI MOTOKOB

Thread.join():
 OXXnpaHwue 3aBepLieHns NoToka
« Bbl30B MeToaa 6/10KMpYeTCS A0 OKOHYaHMA paboThl
NnoToOKa

Thread.sleep(long millis):
« (OcTaHOBKa NOTOKA Ha 3a4aHHOEe KOJIMYECTBO MUNNUCEKYHA

Thread yield():
MeTopg cooblaeT NIaHUPOBLUMKY, YTO MOTOK BbIMOSIHWUII
BCe HeobXxoanMble AENCTBUSA N HE HYXAOAETCs B
NpoOLECCOPHOM BpeEMEHMU
« [lpoueccopHoe BpeMs MOXeT ObITb OTAAHO APYroMy
NOTOKY
* [MNaHUpOBLLUMK MOXET UrHopmposaTb Bbi30B Yield()
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hepgepasibHbIA MHoronoTo4Ho€e nporpammmpoBaHue Co3bikuH A.B.

YHUBEpCUTeT

[MakeT java.util.concurrent

[MoaBunca B Java 5

Bk/toYaeT pacluMpeHHble cpeactBa 6/10KMPOBKU, YNpaBleHUS
MHOIOMOTOYHOCTbIO U FOTOBbIE MHOMOMOTOYHbIE KOITEKLIUU

[ java.util.concurrent.® ]

Cnncur.rent Queues Synchronizers Executors Locks Atomics
Collections
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YHUBEpPCUTET

UHTepdenc Lock

java.util.concurrent.locks.Lock

public interface Lock {
void lock ();
void lockInterruptibly () throws InterruptedException ;
boolean trylLock();
boolean trylLock( long timeout , TimeUnit unit )
throws InterruptedException ;
void unlock();

}...

TimeUnit - enum anga npeacraBneHnsa eanHUL M3MepeHus
BpEMEHMU:
 TimeUnit.MILLISECONDS, TimeUnit.SECONDS,
TimeUnit.MINUTES u T1.4.
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YHUBEpPCUTET

Kak ncnonb3oBatb Lock

Lock 1 = new ReentrantLock();

1.1ock();

// 1l.trylLock();

// l.tryLock(1, TimeUnit.SECONDS);

try {
// KpuTudeckaa cekuus

} finally {
// 06sa3aTenbHO ocBoboxgaem 6N10KUPOBKY !
1.unlock();

¥

ReentrantLock — peanunsauunsa Lock, KOTOpPYO MOXHO BbI3bIBaTb
HEeCKoJ1IbKO pa3 6e3 B3anMob610KMPOBKU
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YHUBEpCUTET

baHK. lNepeBopn oeHer ¢ CUHXPOHU3aUmnen

public void transfer(Account from, Account to, int value)
throws Exception {
if ( value <= 0) {
throw new Exception ("Amount must be positive!");
}
synchronized ( from ) {
if (from.getBalance () < value ) {
throw new Exception ("Not enough money!");
} else {
from.post(-value);
}
synchronized (to) {
to.post(value);

}
¥
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YHUBEpPCUTET

baHk. [lepeBop oeHer ¢ CUHXPOHU3aUnen v2

while (true) {
if (from.lock.tryLock()) {

try {
if (to.lock.tryLock()) {

try {
if (from.getBalance () < value ) {
throw new Exception ("Not enough money!");
} else {
from.post(-value);
to.post(value);
} finally {
to.lock.unlock();
}
}
finally {
from.lock.unlock();

}
}
TimeUnit.NANOSECONDS.sleep(fixedDelay + rnd.nextLong () % randMod);

}
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YHUBEpPCUTET

MpeumylecTBa n HegocTaTkm Lock

Bonble BO3MOXHOCTEN NO CPABHEHUIO CO CTaHAAPTHbLIMU
MOHUTOPaAMMWU:

 AcCUHXpOHHasa 6nokuposka (tryLock)

« 3aJaHue BpeMeHMn Ha MonbITKY 6JIOKNPOBKM

« BnoknpoBka C BO3MOXHOCTb NMpepbiBaHUS

[TONHOCTbLIO py4yHOE ynpaBieHune:
« Co3paBaTtb 06beKkT Lock
* BbINONHATL 61OKUPOBKY
« He 3abbiBaTb 0cB060OXAaTb 6/TOKMPOBKY, KOrga OHa He
HY>XHa WM Koraa rnpou3oLusio NCKAKYEeHne U T.0.
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YHUBEpCUTET

ATOMapHbIe Knacchbl

[MakeT java.util.concurrent.atomic:
« Atomiclnteger
« AtomicLong
« AtomicBoolean

ATOMapHbIe onepauunn:
« BbinonHaoTCA 6€3 npepbiBaHUS
 Wcnonb3yloT cneumalnibHble KOMaH4bl COBPEMEHHbIX
npoueccopos

AtomicInteger:
 addAndGet(int delta)
* 1incrementAndGet()
* decrementAndGet()
 getAndSet(int newValue)
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YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme

YHUBEpPCUTET

Co3bikuH A.B.

PekomeHaaumm no ncnonb3oBaHUIO

1. MoHUTOPpSI
2. java.util.concurrent.locks
3. ATOMapHble KJlaccChl
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YHUBEpPCUTET

ba3oBble cBeaeHUss 06 o6opyaoBaHUM

PaspaboTka nocnenoBaTesibHbIX MporpamMm
« O6 obopyaoBaHUN MOXXHO He 3HATb HUYErO

PaspaboTka napannenbHbIX NMPOrpaMMm:
« OcCob6eHHOCTM YCTPOMUCTBA COBPEMEHHbIX MHOrosiaepHbIX
NpoLEeccopoB  CYWECTBEHHO  BAUSAKT Ha  paboTy
MHOIMOMOTOYHbIX U MapanfnesibHbiX NporpaMm



Ypanbckui

(hefepasibHbINA MHoronoTo4Hoe nporpamMmMmMpoBaHme
YHMBEpCUTET

Co3bikuH A.B.

Test and Set Lock

public class TASLock implements Lock {

AtomicBoolean state = new AtomicBoolean(false);
public void lock() {

while (state.getAndSet(true)) {}

}
public void unlock() {

state.set(false);
}

}
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(hefepasibHbINA MHoronoTo4Hoe nporpamMmMmMpoBaHme
YHMBEpCUTET

Co3bikuH A.B.

Test and Test and Set Lock

public class TTASLock implements Lock {
AtomicBoolean state = new AtomicBoolean(false);
public void lock() {
while (true) {
while (state.get()) {};
if (!state.getAndSet(true))
return;

}

}
public void unlock() {

state.set(false);

}
}

14
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YHUBEpCUTeT

TASLock vs TTASLock

Kakasa 6roknposka cpabotaeT bbicTpee?

A

TASLock

time

TTASLock

|dealLock
T

number of threads

Maurice Herlihy. Nir Shavit. The Art of Multiprocessor Programming
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YHUBEpCUTeT

Uepapxuna namatu

Local
RAM

Memory Controller

£
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YHUBEpPCUTET

OpueHTMpoOBO4YHOE BpeMs AocTyna

Kaw 1 ypoBHA ~1-2 TaKTa

Kaw 2 ypoBHA ~10-40 TakTOB
Kaw 3 ypoBHA ~50-100 TakTOoB
OCHOBHada NamM4aTb — COTHU TaKTOB
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YHUBEpPCUTET

KorepeHTHOCTb Kallew

Ecnn oanH 13 npoueccopos (A4ep) NOMeEHs1 AaHHble B CBOEM
K2oLlle, aopyrmne npoueccopbl A0/KHbl Y3HAaTb 06 3TOM

MNoagaep)XkKa KOrepeHTHOCTU Kawen TpebyeT BbICOKNX
HaKNagHbIX pacxoaos

[MpoTokon MESI:
« Modified — gaHHble B K3We ObINN N3MEHEHDI
« Exclusive — gaHHble 3arpy>eHbl B K3 TO/IbKO O4HOI0
npoueccopa
« Shared - gaHHble 3arpy>XeHbl B K3LW pa3HbIX
NpoLeccopoB, HO HE U3MEHEHDI
« Invalid — K3W coaep>XuUT HenpaBu/bHble AAHHbIE



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme
yHuBEpCUTET

Co3bikuH A.B.

NMpotokon MESI

(a) (b)

A B C A B

[a] la]| |[a]

Maurice Herlihy. Nir Shavit. The Art of Multiprocessor Programming
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YHUBEpPCUTET

Co3bikuH A.B.

KorepeHTHOCTb K3wen. BbiBoAbI

TpebyeTcs pa3Hoe BpeMs Ha:
 YTeHune paHHbIX (camoe bbicTpoe)
« 3anucb AaHHbIX (CpeaHee)
* YBEpPEHHOCTb B TOM, YTO AaHHblE 3annucannch B ob6LLYIHO
namMsaTb (Camoe MeasieHHoe)



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme
yHuBEpCUTET

Co3bikuH A.B.

Test and Set Lock

public class TASLock implements Lock {
AtomicBoolean state = new AtomicBoolean(false);
public void lock() {
// Kaxgbih pa3 noiTaemca 3AMNUCATb paHHble
// BblICOKMK Tpaduk ANA KOrepeHTHOCTU KIweun
while (state.getAndSet(true)) {}
}
public void unlock() {
state.set(false);

}
}

21
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YHUBEpPCUTET

Test and Test and Set Lock

public class TTASLock implements Lock {
AtomicBoolean state = new AtomicBoolean(false);
public void lock() {
while (true) {
// 3arpyxaem AaHHble B K3W WU YWTaeM M3 K3IWa
// Ecnn cocToAHME NOMEHAN0Cb, YUTaem U3 obuwen namaTu WUau
// K3Wa Apyroro npoueccopa
while (state.get()) {};
// 3anucoiBaeM TOJMIbKO KOrfAa ecTb peajibHaA BO3MOXHOCTb
if (!state.getAndSet(true))
return;

}

¥
public void unlock() {

state.set(false);

}
}
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YHUBEpPCUTET

Moaenb namMaTv

HeobxoanMa noaaepxka nepapxmm namatu B A3blKe
NporpamMmMmMpoBaHuns

Mopaenb NaMaTu.
« Kakue gaHHble aBNATCA 06WMMKM Ansl BCEX NMOTOKOB, a
Kakune 4aCTHbIMU
« Kak gonyctMMmo nepecrtaBndaTb onepaunm AocTtyna B
MNaMsTb

A3bIKM MpOorpaMMMUpoOBaHNA:
 Java
e C#
e C++11
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(hefepasibHbINA MHoronoTo4yHoe nporpaMmmmnpoBaHne

YHUBEpCUTeT

Co3bikuH A.B.

Mopgenb namaTtu Java

MoTok 1

Working
Memo

Main Storage

24
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I'Ipumep ncnoJsib3oBaHmsA Mmoaesrin NnamsAaAT™vm

public class TestMemoryModel {
private static boolean ready;
private static int number;

private static class ReaderThread extends Thread {
public void run () {
while (!ready)
Thread.yield();
System.out.println( number );

}

}
public static void main ( String [] args ) {

new ReaderThread().start();
number = 42;
ready = true ;
}
}

25
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YHUBEpPCUTET

Kno4yeBoe cnoBo volatile

V|CI'IOJ'Ib3yeTCFI ansg obbvsaBneHus nepeMeHHbIX «obWwmnmMn>» ans
BCEX MOTOKOB

YTteHune volatile nepemeHHON:
 Bce konun B Kalax CTaHOBATCH MHBaIMAHbLIMU

 [laHHble YnTalTCA HalNnp4aMYyrO U3 NaMATU

3anucb volatile nepeMeHHON:
« [laHHble 3anncCbiBalOTCA HaANpsMyo B NaMsATb



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

NMpumep ncnonb3oBaHuaA volatile

public class TestMemoryModel {
private static volatile boolean ready;
private static int number;

private static class ReaderThread extends Thread {
public void run () {
while (!ready)
Thread.yield();
System.out.println( number );

}

}
public static void main ( String [] args ) {

new ReaderThread().start();
number = 42;
ready = true;
}
}

27
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YHUBEpCUTET

[lepecTtaHOBKa onepauun gocTtyna B NnamMmsTb

public class TestMemoryModel {
private static volatile boolean ready;
private static int number;

private static class ReaderThread extends Thread {
public void run () {
while (!ready)
Thread.yield();
System.out.println( number );

}

}
public static void main ( String [] args ) {

new ReaderThread().start();

// MeHsem mecTamu ¢nar M yCTaHOBKA 3Ha4veHuA number
ready = true;

number = 42;

28
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Be3ae volatile!

public class TestMemoryModel {
private static volatile boolean ready;
private static volatile int number;

private static class ReaderThread extends Thread {
public void run () {
while (!ready)
Thread.yield();
System.out.println( number );

}

}
public static void main ( String [] args ) {

new ReaderThread().start();
number = 42;
ready = true;
}
}

29
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hepgepasibHbIA MHoronoTo4Ho€e nporpammmpoBaHue Co3bikuH A.B.

YHUBEpCUTeT

BunanmocTtb Yepe3 CUHXPOHU3ALUIO

Thread A
y=1
}
lock M
|
Everything
=1 before the ———
! unlock on M... rea
unlock M l
¢ >
... is visible to lock M
everything I
after the _
lock on M ==
y
unlock M
v
J=Y
Y
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YHUBEpCUTET

BunanmocTtb Yepe3 CUHXPOHU3ALUIO

public class TestMemoryModel {
private static boolean ready;
private static volatile int number;
public static synchronized void stopRequest(){ready = true;}

private static class ReaderThread extends Thread {
public void run () {
while (!ready)
Thread.yield();
System.out.println( number );

}

}
public static void main ( String [] args ) {

new ReaderThread().start();
number = 42;
stopRequest();

}
}

31
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YHUBEpPCUTET

volatile vs cMHXpOoHu3auus

CuHxpoHun3auuns n volatile no3sonsatotT obecneunTb
«BUOAUMOCTb>» NepeMeHHbIX

ATOMapHOCTb:
« [@paHTUpOBaHa NMpu CUMHXPOHM3ALNN
« He rapaHTupoBaHa npwu volatile

OTCyTCTBME aTOMApPHOCTM HE BCeraa njaoxo:
« Heckonbko NOTOKOB MOryT AaTb KOMaHAy 06 oCTaHOBKeE

NporpamMmbi
« OcTaHoBKa NpoucxXoauT B Nt06OM criyyae, He 3aBUCUMO OT

TOro, Kakon NOoTOK Aan KOMaHAY



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme
yHuBEpCUTET

Co3bikuH A.B.

JloxxHoOe paspgeneHue gaHHbIX

[aHHble B K3 3anunCbIBalOTCA «CTPOKaMmn»
« Pasmep CTpPOKU 3aBUCUT OT apXUTEKTYPbI
 TUNUYHBLIN pa3Mep 32 nnm 64 banTa

JIOKanbHOCTb
« BpeMeHHad
 [lpocTpaHCTBEHHa4



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

JloxxHoOe paspgeneHue gaHHbIX

// 0bwmn maccusB gNnA BCexX MNOTOKOB
int[] partial sum;
partial sum = new int[threadNum];

// BHYTpM noToka
public void run () {

int thread_id = getThreadId();

for (int 1 = thread id ; i < MAX; i += threadNum)
partial sum[thread id] += a[i]; // JloxHoe pa3aeneHue

34
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hepgepasibHbIA MHoronoTo4Ho€e nporpammmpoBaHue Co3bikuH A.B.

YHUBEpCUTeT

JloxxHoe pa3aeneHne AaHHbIX

CTpokKa Kawa

partial sum[@] | partial sum[1] | partial sum[2] | partial sum[3]

3anucb 3anucb 3anucb

[MToTok 3

35
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YHUBEpCUTeT

Mpobnema npousBoanTeneun n notpeduteneun

Queue

Producer —
put
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YHUBEpPCUTET

NMpumMmep — KON UeHTp

KnneHTbl, KOTOpble 3BOHAT B LEHTP — NPOMU3BOAUTENM
OnepaTopbl — noTpebuTtenu
Ouyepenb HeoTBEYEHHbIX 3BOHKOB

Hamnpaeicrue
3AIIUCH B

iw Oydep

IIponecc-

IIponecc-
MIPOU3BOIUTEIb

IOTPEOHUTENh

cooOnIcHUNI

ir

38
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theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme
yHuBEpCUTET

Co3bikuH A.B.

Peanusauusa oyepenmn 3BOHKOB

class CallQueue {

}

}

final static int QSIZE = 100; // Pasmep 6ygepa
int head = 0; // Homep cnedywuyezco 6vi306a

int tail = ©; // cnedywuyuli c60600HbIl Ccaiom
Call[] calls = new Call[QSIZE];

public enq(Call x) { // 6Bei3eiBaemca ATC
calls[(tail++) % QSIZE] = x;
}

public Call deq() { // 6Bwi3biBaemca onepamopom
return calls[(head++) % QSIZE]
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YHUBEpCUTET

Oqepe.qb 3BOHKOB C KPUTUYECKUMUN CeKUUNAMU

class CallQueue {

}

}

final static int QSIZE = 100; // Pasmep 6ygepa
int head = 0; // Homep cnedywuyezco 6vi306a

int tail = ©; // cnedywuyuli c60600HbIl Ccaiom
Call[] calls = new Call[QSIZE];

public synchronized enq(Call x) { // 6wvi3eiBaemcsa ATC
calls[(tail++) % QSIZE] = x;
}

public synchronized Call deq() { // 6wi3eil6aemcsa onepamopom
return calls[(head++) % QSIZE]
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YHUBEpCUTET

Oqepe.qb 3BOHKOB C KPUTUYECKUMUN CeKUUNAMU

class CallQueue {
final static int QSIZE = 100; // Pasmep 6ygepa
int head = 0; // Homep cnedywuyezco 6vi306a
int tail = ©; // cnedywuyuli c60600HbIl Ccaiom
Call[] calls = new Call[QSIZE];

public synchronized enq(Call x) { // 6wvi3eiBaemcsa ATC
calls[(tail++) % QSIZE] = x;
}

public synchronized Call deq() { // 6wi3eil6aemcsa onepamopom
return calls[(head++) % QSIZE]
}

}

YTo 6YyaeT, ecnn onepaTop U3BJIEKAET 3BOHOK, @ oyepeab nycra?



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

[lycTana oyepeaAb 3BOHKOB

public synchronized T deq() {
while (head == tail) {}; // Oxudaem, noka ouyepedb nycma
return call[(head++) % QSIZE];

}
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hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

[lycTana oyepeaAb 3BOHKOB

public synchronized T deq() {
while (head == tail) {}; // Oxudaem, noka ouyepedb nycma
return call[(head++) % QSIZE];

}

cnonb3yeTca akTUBHOE OXunaaHue:
 [lOoCTOAHHO NpoBepdaAeTCcsa BbINOJIHEHUE YCOBUS
 BblCOKasa «HeHYy>XHaa» Harpyska Ha npoueccop



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

[lycTana oyepeaAb 3BOHKOB

public synchronized T deq() {
while (head == tail) {}; // Oxudaem, noka ouyepedb nycma
return call[(head++) % QSIZE];

}

cnonb3yeTca akTUBHOE OXunaaHue:
 [lOoCTOAHHO NpoBepdaAeTCcsa BbINOJIHEHUE YCOBUS
 BblCOKasa «HeHYy>XHaa» Harpyska Ha npoueccop

B3anmMobnokmnpoBka:

* B CMHXpPOHM30BAHHOM MeToAe deq XKaoeMm, Korga Kt1o-10
BbIMOJTHUT Cl/IHXpOHVI3OBaHHbIl7I METO4 €Nn(g



YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.

YHUBEpPCUTET

[lycTana oyepeaAb 3BOHKOB

public synchronized T deq() {
while (head == tail) {
wait()
}s
return call[(head++) % QSIZE];
}

MeTtoa wait():
« CocTaBHas 4aCTb MOHUTOpPA, €CTb Y Kaxaoro obbekTa
« OcBoboxnaaeT 610KUPOBKY
« (OcTaHaBnMBaeT NoToK
« 3aBepuwiaetrcs nocne BbizoBa Mmetoaa notifyAll() Toro xe
obbekTa



YpanbckuAd
theepasibHbIN MHoronoTo4Hoe nporpammMmmpoBaHme
yHuBEpCUTET

Co3bikuH A.B.

[lycTana oyepeaAb 3BOHKOB

public synchronized T deq() {
while (head == tail) {
wait()
}s
return call[(head++) % QSIZE];
}

public synchronized enq(Call x) {
calls[(tail++) % QSIZE] = x;
if (tail-head == QSIZE-1) {
notifyAll();
}
}



Ypanbckui

thenepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

notifyAll() v notify()

MeTop notifyAll():
 byauT BCe NOTOKM, KOTOpble Bbi3Banu Metoa wait() Ha
NaHHOM obbekTe

« OAWH U3 NOTOKOB BXOAUT B KPUTNYHECKYIO CEKUUIO,
OCTaJlbHbIE XXAYT

METO,EI, notify():
ByanT oguH M3 NOTOKOB, KOTOPbl€ Bbi3Ba/lIN METO/,
wait() Ha paHHOM o0b6bekTe
« Kakon nMeHHO noTokK byaeT pa3byxeH npeackasaTb
HeNb3s
« He pekoMeHayeTCs MCNOMb30BaTb M3-3a Npobiembl
«lost wakeup»



Ypanbckui

(hefepasibHbINA MHoronoTo4Hoe nporpamMmMmMpoBaHme

Co3bikuH A.B.
yHuBepcuTeT

[MonHan oyepeab 3BOHKOB

public synchronized enqg(Call x) {
while (tail - head == QSIZE) { wait()};
calls[(tail++) % QSIZE] = x;
if (tail-head == QSIZE-1) {
notifyAll();
}
}
public synchronized T deq() {
while (head == tail) { wait()};
Call temp = call[(head++) % QSIZE];
if (tail-head == 1) {
notifyAll();
}

return temp;
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YHUBEpCUTET

NMpo6nembl notifyAll()

notifyAll() 6yaunT Bce noToku:
« [lOTOKW, KOTOpPblE XAYT BCTaBKM 3BOHKA B MOJIHYIO
oyepenb
« [loTOKKM, KOTOpbIE XAYT N3BJIeYEeHUS 3BOHKA M3 NYCTOM
oyepeau
 HyXHO 6yaAnTb TONIbKO MOTOKU U3 NEPBON NN BTOPOU
KaTeropummu

PeweHune java.util.concurrent.locks.Condition:
« [lo3BoNISeT OCTaHaB/AMBATb NOTOKU BbIOOPOYHO
« condition.await()
e condition.await(long time, TimeUnit unit)
« condition.signallAll()
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YHUBEpCUTET

Ouyepepnb 3BOHKOB ¢ Condition

class CallQueue {
final static int QSIZE = 100; // Pasmep 6ygepa
int head = 0; // Homep cnedywuyezco 6vi306a
int tail = ©; // cnedywuyuli c60600HbIl Ccaiom
Call[] calls = new Call[QSIZE];

protected final Lock lock = new ReentrantLock();
private final Condition notFull = lock.newCondition();
private final Condition notEmpty = lock.newCondition();



Ypanbckui

(hefepasibHbINA MHoronoTo4Hoe nporpamMmMmMpoBaHme

Co3bikuH A.B.
yHuBepcuTeT

Ouyepepnb 3BOHKOB ¢ Condition

public synchronized enqg(Call x) {
while (tail - head == QSIZE) { notFull.await()};
calls[(tail++) % QSIZE] = x;
if (tail-head == 1) {
notEmpty.notifyAll();
}

}
public synchronized T deq() f{

while (head == tail) { notEmpty.await()};

Call temp = call[(head++) % QSIZE];

if (tail-head == QSIZE - 1) {
notFull.notifyAll();

}

return temp;
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[oTOBbLIE peanunsauumn ovyepenen

NHTepdenc java.util.concurrent.BlockingQueue:
« MHoronotoyHas (thread safe) peanusauuns odyepeamn
« BnoknpoBka npu 3anmncm B NOJSIHYO o4yepeb
« BnokmpoBka nNpu U3BNEYHNN N3 NMYCTON oUepeaun

Peanusauunu:
 ArrayBlockingQueue
« LinkedBlockingQueue
* PriorityBlockingQueue
 DelayQueue
* SynchronousQueue
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Co3bikuH A.B.

YnpaBrieHue notokamum B Java

CKOJIbKO NOTOKOB HY>XHO Balleu rnporpamMme?
Koraa v Kak co3aaBaTb 3TU NOTOKWU?
Kakon NoToK KaKyto 3aaa4vy byaert pewaTb?

53



Ypasibckuin
hepgepasibHbIA MHoronoTo4Ho€e nporpammmpoBaHue Co3bikuH A.B.

' YHUBEpCUTeT

Executor

execute > Executor -
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YpanbckuAd
hepgepasibHbIA MHoronoTto4yHoe nporpaMmmmpoBaHmne Co3bikuH A.B.
YHUBEpCUTET

Knacc gnsa nortoka

public class HelloWorld implements Runnable {
private int id;
public HelloWorld(int id)({
this.id = id;
}
public void run() {
for (int 1 = 0; i < 10; i++)
System.out.println("Hello from thread # " + id);
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YHUBEpPCUTET

3anyck ¢ noMmoubko Executor

public class CachedThreadPool {
public static void main(String[] args) {
ExecutorService exec = Executors.newCachedThreadPool();
for(int 1 = 0; 1 < 5; i++)
exec.execute(new HelloWorld(i));
exec.shutdown();

}
}



YpanbckuAd
theepasibHbIN MHoronoToyHoe nporpammMmmMpoBaHue

YHUBEpCUTeT

Co3bikuH A.B.

Executor

execute

ThreadPoolExecutor (int corePoolSize ,
int maximumPoolSize,
long keepAliveTime,
TimeUnit unit,
BlockingQueue<Runnable>workQueue)
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YHUBEpPCUTET

foToBbIe Executor’nl

ExecutorService.newCachedThreadPool ()
.newFixedThreadPool(int nThreads)
.newSingleThreadExecutor()
.newScheduledThreadPool(int corePoolSize)

// Peanunzsauun B OpenlDK
public static ExecutorService newFixedThreadPool(int nThreads) {
return new ThreadPoolExecutor(nThreads, nThreads,
OL, TimeUnit.MILLISECONDS,
new LinkedBlockingQueue<Runnable>());

}

public static ExecutorService newCachedThreadPool() {
return new ThreadPoolExecutor(0, Integer.MAX_ VALUE,
60L, TimeUnit.SECONDS,
new SynchronousQueue<Runnable>());
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YHUBEpPCUTET

Kak BepHyTb 3Ha4YeHMe U3 NoToKa?

NHTepdenc Runnable:
 void run()

NHuTepdenc Callable<T>:
« T call()

 Bo3BpauwiaeT 3HauyeHue tmna T

3anyck notoka Callable<T>:
 Future<T> ExecutorService.submit(Callable<T> task)

NHTepdenc Future<T>:
« boolean isDone()
e T get() / get(long timeout, TimeUnit unit)
« boolean cancel(boolean mayInterruptIfRunning)
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YHUBEpPCUTET

Uucna ®uboHauyum

class FibTask implements Callable<Integer> {
static ExecutorService exec = Executors.newCachedThreadPool();
int arg;
public FibTask(int n) {
arg = n;
}
public Integer call() {
if (arg > 2) {
Future<Integer> left = exec.submit(new FibTask(arg-1));
Future<Integer> right = exec.submit(new FibTask(arg-2));
return left.get() + right.get();
1} else {
return 1;

}
}
}



Ypanbckui
thenepasibHbIA
YHUBepcUuTeT

MHoronoTto4Hoe nporpamMmmmpoBaHune

Co3bliknH A.B.

Bonpocbi?
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