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CUHXpPOHI3aTopH

» Hanbinblu nowmpeHnmMn € 4 TUNM CUHXPOHI3aTOPIB:
= 3amku 3i 3BOpoTHUM Bignikom (Countdown latch),
= LlnknivHi 6ap’epun Ta eTanHukn
= O6miHHKMKKM (exchangers),
= Cemadhopu



Countdown latch

= 3aMOK 3 BignikomMm 3amyLuye ogHy abo Aekifibka HATOK YekaTu y BOpIT (gate), AOKM iHLa HUTKa
He BiOKPWE L BOpOTa Ta 403BONUTL BUKOHYBATMUCb YeKatounm HUTKam aarii.

» BiH cknagaetbcs 3 nidnnbHMKa (count) Ta onepauin, LWo «3MYLLYKTb HUTKY YeKkaTu, NOKU NIYNITbHUK He
OOCArHE Hyna» Ta «AeKPEMEHTYIOTb NMiYUNbHUKY.

» Knac java.util.concurrent.CountDownLatch peani3ye cuHxpoHizaTop Tuny countdown latch.

= Eksemnnap CountDownlLatch iHiuianizyeTbCss KOHKPETHMM count, BUKITMKaOYM KOHCTPYKTOP
CountDownLatch(int count).

= KoHcTpykTOop MOXe Bukngatu lllegalArgumentException, konun count Big' eMHUNA,



Metoau knacy CountDownLatch

» void await(): amyLlye BUKNUKaYMUM NOTIK OYiKyBaTU, OOKM NeTy He Bigpaxye 0o 0, AKwo
NOTIK B Llen Yac He nepepseTbeca (Toai BUHUKHE InterruptedException).

* poolean await(long timeout, TimeUnit unit): amywye BUKITMKaOYNIA NOTIK OYiKyBaTU, LOKU
nety He Bigpaxye no 0 abo 3agaHoro timeout-aHa4yeHHs. [loBepTae true, Konn count gocsrae
0 abo false, konn 4Yac ouikyBaHHS MUHYB. BuknoaHHs InterruptedException aHanoriyHe.

» void countDown(): AekpeMeHTye count, 3BifIbHSAOYM BCi OYiKYHOYi MOTOKK, KON count
pocsrHe 0. Axkwo count yxe 0, HIYOro Npu BUKITNKY HE CTAHETbLCH.

* long getCount(): noBepTae NOoTo4HMK count. KopucHUi ans TecTyBaHHA Ta Bianaaku.

= String toString(): noBepTae pAOOK, WO iAeHTUQIKYE AaHUM NeTY, | noro ctaH. CtaH, in
brackets, Bkntovae pagkosuin nitepan "Count =", 3a skuMm nge noToudHUM count.




import java.util.concurrent.CountDownLatch;
import java.util.concurrent.ExecutorService;
import java.util.concurrent.Executors;

public class CountDownLatchDemo

{

final static int NTHREADS = 3;

public static void main(String[] args)

{
final CountDownLatch startSignal = new CountDownlLatch(1); - LIaCTO Countdown IatCh BVlKOleCTOByCTbCﬂ ,El,ﬂﬂ
final CountDownLatch doneSignal = new CountDownLatch(NTHREADS); nepeBipKM TOIO |_|_||0 HANTK NodYanu pO6OTy
Runnable r = new Runnable() ’
i NpnGNM3HO ogHO4acHo.
@0verride
blic void
public void znQ = [OMoBHa HWUTKa crnoYaTKy CTBOPIOE napy countdown
Err latch.
report("entered run()"); 1 = 1) startSignal — nepeLwikogXae BUKOHaAHHIO Oyab-AKOI
:’;:ztis;:ln;":;’i}} // wait until told to proceed poboyoi HuTkn (worker thread), noku ronoeHa HWUTKa (main
1 H 2
Thread.sleep((int) (Math.random() * 1000)); thread) He Byae rotoBa 0O 1X BUKOHAHHS.
doneSignal. countDown(); ;i TE[’“EEhC““;"P“ "*?i’fh = 2) doneSignal — 3myLLIye ronoBHY HUTKY YeKkaTu, NMOKu
\ main thread 1s walting BUKOHAHHS BCiX POOOYMX HUTOK HE 3aKiHYMTHCS.
catch (InterruptedException ie)
{
System.err.println(ie);
}
}
void report(String s)
{
System.out.println(System.currentTimeMillis() + ": " +
Thread.currentThread() + ": " + s);
}

¥



}

}

ExecutorService executor = Executors.newFixedThreadPool (NTHREADS); g [MoTiM ronoBHa HUTKa CTBOPIOE runnable-06’eKkT
4 meTopn run() BUKOHYETHCA NOCHIA0BHO
CTBOPEHUMHU pO6OLII/IMI/I NMOTOKaMMW.

for (int i = 0; i < NTHREADS; i++)
executor.execute(r);

try

{
System.out.println("main thread doing something");
Thread.sleep(1000); // sleep for 1 second
startSignal.countDown(); // let all threads proceed
System.out.println("main thread doing something else");
doneSignal.await(); // wait for all threads to finish
executor.shutdownNow();

}

catch (InterruptedException ie)

{

System.err.println(ie);

}

CnoyaTky uen Metoq BUBOOUTb NovYaTKkoBe MOBIAOMITEHHS,
a noTim BUKNuKae metog startSignal.await() gna
OYiKyBaHHA MOMEHTY, KOMW MYUNbHUK LbOro 3amka 3i
3BOpPOTHUM Bignikom 34mtae O before it can proceed.

AK TinbKkK ue ctanock, run() BUBOAUTb NOBIOAOMIIEHHS, SIKe
IHOMKYE BUKOHAHY pobOTYy Ta 3aCMHaE Ha BUMNaaKOBUM
nepiog 4acy (Big 0 oo 999 mc) ans cumynauii podoTw.

Ha uen momeHT, run() Buknmkae metog countDown()
doneSignal ans gekpemeHTauil NivMnbHKKa netya.

AK TINbKU NiYUNbHUK AgoxoanTb A0 O, ronOBHUW NOTIK, AKUN
O4YiKyBaB Ha LIEW curHan, npoaoBXuTb poboTy, BUMUKAOUN
EeK3EeKyTOp Ta nepepusarodn podboTy goaarky.



= [Ticnsa cTBOpeHHS runnable ronoBHUI NOTIK OTPUMYE EK3EKYTOP, AKU Ba3yeTbCs Ha nyni 3
NTHREADS notokiB, a gani Buknmkae metog execute() eksekytopa NTHREADS paais,
nepenatodum runnable koxxHomy 3 NTHREADS noTokis nyny.

Lla gis 3anyckae poboyuni noTik, Ak BXxoauTb y run().

= [JOTIM ronnoOBHUN NOTIK

BUBOAUTb NOBIAOMSIEHHS Ta 3acUHAaE Ha 1c Ans cumynauiil BUKOHaHHA 4odaTkoBol poboTu (gae waHc ycim
poboynm noTtokam 3anTu B run() Ta BuknukaTu startSignal.await()),

BuKknunkae meton countDown() startSignal, wo6 3mycutn pobodi NoToKK 3anycTUTUCH,
BuBogutb nosigomneHHs, wo indicate that it's doing something else,

Buknukae metoq await() doneSignal, wob novyekaTn Ha AOCATHEHHSA HYNs NiYnnbHUMKOM countdown latch,
before it can proceed.

main thread doing something

1384281251694: Thread[pool-1-thread-1,5,main]: entered run()

1384281251694: Thread[pool-1-thread-2,5,main]: entered run()

1384281251694: Thread[pool-1-thread-3,5,main]: entered run()

main thread doing something else

1384281252723: Thread[pool-1-thread-3,5,main]: doing work

1384281252723: Thread[pool-1-thread-2,5,main]: doing work

1384281252723: Thread[pool-1-thread-1,5,main]: doing work



Knac java.util.concurrent.CyclicBarrier peanisye aaHuu
CUHXPOHI3aTop

Thread 2

Thread 3

CyclicBarrier

= Eksemnnap knacy CyclicBarrier iHibiani3ayeTbCa KOHKPETHUM
4Yncriom parties (NOTOKM NpauoTbL Ha CHINbHY LiNb) 3a
gonomoroto koHcTpykTopa CyclicBarrier(int parties).

» KoHcTpykTop Bukungae lllegalArgumentException, Konn nepenaeTbcs
3HayeHH4a parties < 1.

= AnbrepHartusa: CyclicBarrier(int parties, Runnable barrierAction),
gogaeTbca napametTp barrierAction, SKMM BUKOHYETBLCA NICHS
crnpautoBaHHs bap’epy.

* |HWMMK crioBamMun, Konu parties-1 NOTokiB OYiKyOTb, a e oaunH nNpubyBsae,
Lier NoTiK BUKOHYE barrierAction, a noTim BCi MOTOKM NMPOAOBXYOTb POOOTY.

= |len runnable kopucHUM onNst OHOBNEHHSA 3aranbHOI CTAaTUCTUKU OO TOro, K
Oyab-sKM NMOTIK NPOAOBXUTL POBOTY.

= KoHcTpykTop Buknaae lllegalArgumentException, konn nepegaHe 3Ha4YeHHS
parties meHLue 3a 1.

» [lonepenHin KOHCTPYKTOP BUKIMKAE Lien KOHCTPYKTOP, nepeaatoyum null
3amicTb barrierAction; He 6yge BuKoHyBaTUChb runnable-3agava, konu 6ap’ep
is tripped.)



Metoau knacy CyclicBarrier

= int await(): 3MyLLy€e BUKINKAKOYMN NOTIK YeKaTn, MOKU BCi HAaCTUHU BUKNNUYYTL await()
LUMKnivyHoro bap’epa.

Buknukatoumn noTik NPUNUHAE YeKaTn, KON BiH YU IHLIMA YeKarymin NOTIK NepepmBaETbCs, Y IHLWOMo NOTOKY
3aKiH4YY€ETbCA Yac B nNpoueci abo iHWNK NOTiK BUKNKKae reset() ans uuknivyHoro dap’epy.

AKLLO BUKNMKAOYMI NOTIK Ma€e CTaTyc «nepepBaHnn» Ha BXOAi YM NepepuBaETbLCA B MPOLIECI OMiKyBaHHS, MeTOA
Bukuagae InterruptedException.

Buknpae java.util.concurrent.BrokenBarrierException, konu ans 6ap’epy BuknukaHo reset(), noku 0yab-akui
NOTIK o4vikye abo Konm bap’ep nopyLeHo Yepes BUKNUK await().

Konn Byab-aknn NoTik nepepmnBaeTbCA B NPOLIECI OYiKyBaHHSA, BCi IHLUI OYiKytOYi MOTOKM BUKMOAOTb
BrokenBarrierException, a 6ap’ep nepexoauTb y nopyLwieHun (broken) ctaH

AKLLO BUMKNMKaKYMN NOTIK € OCTAHHIM 3 MOTOKIB, WO HaaxoasaTb, a He-null 3HaveHHsa barrierActoin 6yno
nepegaHo B KOHCTPYKTOPI, BUKITMKAOYNK MOTIK BUKOHYE L0 runnable-3agavy oo 4o3Bosy npoaoBXyBaTUCh
IHLWMM NOTOKaM.

Llen meTon nosepTae iHOEKC NpUBYTTS BUKNUKAKYOro NoToky, Ae iHaekc getParties()-1 Bkasye Ha nepLummn
NOTIiK, Wo npmbys, a 0 — Ha OCTaHHBLOro NPUBYBLLOTO.



Metoau knacy CyclicBarrier

= int await(long timeout, TimeUnit unit): ekBiBaneHTHMN nonepeaHbOMY METOAY, 38 BUHATKOM
MOXIMBOCTI BU3HAYEHHS TPUBANOCTI MOXIMBOIO OYiKyBaHHS BUKMMKaK4oro notoky. Buknnae
BUHATOK TimeoutException, Konu BiaBe4EHU Yac 3aBEePLUYETHCS, MOKU MOTIK OYiKYE.

* int getNumberWaiting(): nosepTae KinbKiCTb parties, ski B LLei MOMEHT OYiKyroTb Ha bap’epi.
MeToa KOpUCHUW ONA HanarogXXeHHA pasoM 3 TBEPAKEHHAMM.

* int getParties(): noBepTae KifnbKicTb parties, HeobxigHMX Ans nogoriaHHAa Gap’epy.

= boolean isBroken(): nosepTae true, konv ofgHa abo Kinbka parties po3oneatoTe bap’ep y
3B’A3KY 3 NepepuBaHHAM abo TauMayToM 3 MOMEHTY KOHCTpYtoBaHHA LIMKMiYHOro bap’epy,
OCTaHHbOrO nepesanycky abo konu barrier action failed yepes BMHATOK. |HaKwWe noBepTae
false.

= void reset(): nepesanyckae Gap’ep B nodaTKOBUWM CTaH. AKLLO BCi parties Ha gaH MOMEHT B
CTaHi o4vikyBaHHs Ha Gap’epi, BOHW noBepHyTb BrokenBarrierException. 3ayBaxTe, L0 AKLIO
nepesanycku Tpanunncb nicns Npopuey 3 iHWNX NPUYKH, iX Oyae cknagHo obpobuTu. NoToku
NOTPIOHO NepecnHXpoHi3yBaTK No-iHLWOMY Ta 0b6paTy NoTik ANA nepesanycky. ToMy MoXnvBa
notpeba y CTBOPEHHI HOBOro bap’epy A4S NoganbLoro BUKOPUCTaHHA.



import java.util.concurrent.BrokenBarrierException;
import java.util.concurrent.CyclicBarrier;

public class CyclicBarrierDemo

{
public static void main(String[] args)

float[][] matrix = new float[3][3]; = LInkniyHi 6ap__ep|/| KOPMCHI y CLieHapisix napaneneHoi

int counter = 0; aekomno3sunuii, e Tpuearni 3agadi po3dbuBaroTbCA Ha

for (int row = 0; row < matrix.length; Tows++) nig3agadi, iHaueigyanbHi pe3ynstaty aKUx NoTiM
for (int col = 0; col < matrix[o0].length; col++) NoeaHyTbCA (Mmerge) B 3aranbHUIA pesynsrar.
matrix[row][col] = counter++; - :

dump (matrix); = [OfIOBHMW MNOTIK CNOYaTKy CTBOPIOE KBagpaTHY MaTpULLIO

System.out.println(); ApoboBux ymcen i 3anucye ii B CTaH4apTHUIA MOTIK BUBOAY

Solver solver = new Solver(matrix); (outPut Stream?. _ _
System.out.println(); » [loTimM Len NOoTIK IHCTaHUie Knac Solver, aKun CTBOPIOE

dump(matrix); OKpPEeMMUI MOTIK AN BAKOHAHHA OB4YnCeHb 3 KOXHUM PSOKOM.
} » [lani a3miHeHa maTpuua susoantbea (dumped).

static void dump(float[][] matrix)
{

for (int row = 0; row < matrix.length; row++)
{
for (int col = 0; col < matrix[o]. length col++)
System.out.print(matrix[row][col] + " ");
System.out.println();

}



class Solver

{
final int N;
final float[][] data;
final CyclicBarrier barrier;

class Worker implements Runnable

{
int myRow;
boolean done = false; = Solver npeacTaBnsie KOHCTPYKTOP, KUK OTPUMYE apryMeHT (matrix) i
Worker (int row) 30epirae nocunaHHa Ha Hel y nosi data pasom 3 KinbkicTio paakis N.
{ nyRow = TOW; = [lani KOHCTPYKTOp CTBOPHOE LMKNiYHMIM Gap’ep 3 N parties Ta barrier action, sika
} BiANoBigae 3a 3nuTTd (merging) BCiX paaKiB y oiHanbHy MaTpuLto.
= HanpukiHUi KOHCTPYKTOP CTBOPOE POBOUUIA MOTIK, AKUIA BUKOHYE okpemuid Worker
?001‘-‘3" done() runnable, Skuit Bionosigae 3a 06po6Ky OKPEeMOro psiaka MaTpuLi.
return done; . .
} = KOHCTPYKTOP YeKkae, NOKN pobodi NOTOKM HE 3aKiH4aTb poboTYy.
void processRow(int myRow) = MeTof run() pobo4oro NOTOKy nepioan4HO BUKNMKae processRow() ans
{ KOHKpEeTHOro psiaka, nokn done() noseptae true (y npuknagi - nicna ogqHopa3oBoro
System.out.println("Processing row: " + myRow); BMKOHaHHA processRow()).

for (int i = 0; i < N; i++)
data[myRow][i] *= 10;
done = true;

= [licna noBepHeHHA processRow(), Ake BKasye Ha Te, Lo panok dyno obpobneHo,
pobounin NoTik BUKINMKae await() 4na umkniyHoro 6ap’epy; BiH He MOXe

} NpoJoBXyBaTn poboTy.
@0verride .
public void run() catch (InterruptedException ex)
{ {
while (!done()) , return;
processRow(myRow) ; catch (BrokenBarrierException ex)
{
try return;
{ }
barrier.await(); ) }
}

}



¥

public Solver(float[][] matrix)
{

}
void mergeRows () pﬂﬂ,KM B pe3yJ'IbTny‘-Iy ManMLU'O.
{

}

data = matrix;
N = matrix.length;
barrier = new CyclicBarrier(N,

new Runnable()

{

@0verride
public void run()

{ o : :
y mergekows(); = Y ME@BHUN MOMEHT BCI pO6OL-II NMNOTOKN BXe

oF BUKNMYYTb awalit().

for (int i = 0; i < N; ++i)

waitUntilDone();

System.out.println("merging");

new Thread(new Worker(i)).start();

= Kosnu ocTtaHHin noTik (00pobnae ocTaHHIN PAOoK y
maTpuui) BUKNukae await(), Biabyaetbca nepeMmnkaHHs
(trigger) bap’epHol Ail, Wo noegHye BCi 00pobneHi

» Y gaHoMy npuknagi merger He BUMara€eTbCs, NpoTe BiH

ynehronized("abe’) NOTPIGHWIA ANng BinbLlu cKNagHWxX BUNaaKis.
"abec".notify();

- » PiHanbHa 3agadva, Lo BUKOHYETLCH B
ot st 10ne() mergeRows(), cnosiliae ronoBHUMN NOTIK,
synchconized("ac”) BUKINMUKAHNN KOHCTPYKTOPOM Solver.
i = [loTiK O4iKye Ha MOHITOP, NOB’A3aHNI 3 String-06’eKToM

}

}

catch (InterruptedException ie)

{
}

System.out.println("main thread waiting"); "abC"_
"abc".wait();
System.out.println("main thread notified");

= Buknuk notify() 3gaTtHuin «po3dyauTtny O4ikyoumin NoTiK,
SAKUW € EANHNM MOTOKOM, LLIO YeKae Ha MOHITOP.

System.out.println("main thread interrupted");

0.0 1.0 2.0
3.0 4.0 5.0
6.0 7.0 8.0

main thread waiting
Processing row: 1
Processing row: 2
Processing row: 0
merging

main thread notified

0.0 10.0 20.0
30.0 40.0 50.0
60.0 70.0 80.0



ETanHukn (Phasers) - 6inbw rHy4dka peanisauyis LUMKNiYHUX
Oap’epiB

= Ha BILI,MIHy BI,EI, LI,I/IKJ'IIL-IHOFO 6ap epa AKNN Kepye CbIKCOBaHO}O KINIbKICTHO I'IOTOKIB eTalrHnK Mmoxe
KepyBaTI/I IX 3MIHHOM KiMNbKICTHO | peecTpyBaTtu IX B 6y,£I,b AKMN MOMEHT.
= lllo6 peanisyBaTu L0 MOXIMBICTb, €TanHUK (phaser) BukopmuctoBye etanu ta phase numbers.
» ETan (phase) — NOTOYHUIM CTaH eTanHuka, KU BU3HAYaeTbCA LiNIoYMCeSibHO KiSTbKICTIO eTaniB (phase number).

= Konu ocTtaHHi 3apeecTpoBaHi NOTOKM NigxoasaTb A0 6ap’epy, eTanHUK NpocyBaETbLCA 4O HACTYMNHOro eTany Ta
IHKpEMEHTYE KinbKicTb eTaniB (phase number) Ha 1.

= Knac java.util.concurrent.Phaser peanisye etanHuk. OCHOBHi KOHCTPYKTOPU Ta METOAM:

» Phaser(int threads) — KOHCTPYKTOP, SSKMN CTBOPIOE eTarnHUK, kM koopanHye nthreads notokiB (siki we He
niginwnn go 6ap’epy) 3 KinbkicTio etanis (phase number) =0

= int register() — meToA, KW Ao4a€ HOBUM MOTIK, WO We He npubys Ao 6ap’epy, 4O eTanHuKa Ta noBepTae phase
number, Wwob knacudikysatn npnbyTTa. Lle yncno sigome sk arrival phase number.

= int arriveAndAwaitAdvance() — metoa, Wo 3anncye NpubyTTa Ta OYiKye Ha NMPOCYyBaHHS eTarnHuka (ke cTaeTbCcd
nicns Toro, siK iHWi NnoTokn npubynun). Noeseptae phase number, oo Akoro nNpnbyTTa BigOyBaeTbLCA.

= int arriveAndDeregister() - metog arrives at this phaser and deregisters from it, He o4ikytouM Ha NpPUBYTTS peLuTn,
3MEHLUYH4YM KiNbKICTb NOTOKIB, WO NOTPiIOHI 4Nna npocyBaHHA Ha ManbyTHIX eTanax.



public class PhaserDemo

¢ S BukopuctaHHA eTanHUKa onsa ynpaeniHHSA
ublic static void main(Strin args . . £
ff o One-Shot Action Serving a Variable
List<Runnable> tasks = new ArraylList<>(); .
tasks.add(() -»> System.out.printf("%s running at %d%n", Nu m ber Of Partles

tasks.add(() -> System.out.printf("%s running at %d%n",
Thread.currentThread().getName(),
System.currentTimeMillis()));

k ks); & .
) rumresle(tasie) = [OMOBHWIM NOTIK 3@ 3aMOBYYBaHHSIM CTBOPIOE
?tatic void runTasks(List<Runnable> tasks) napy runnable_3aﬂaq, KOXHa 3 9KNX
final Phaser phaser = new Phaser(1); // "1" (register self) I'IOBiD,OMJ'IFlG yacC (B MC) CBOIO 3aI'IyCKy
// create and start threads
for (final Runnable task: tasks) . . . .
{ = [OoTiM Ll 3adaudl 3alfyCKakoTbCA NICiA
h . i ; < .
Featis c e O CTBOPEHHS eksemnnapy Phaser, skuii odikye
{ J
ry npubyTTs 000X 3agay o 6ap’epy.
{
Thread.sleep(50 + (int) (Math.random() * 300));
}
catch (InterruptedException ie)
{
System.out.println("interrupted thread");
}
phaser.arriveAndAwaitAdvance(); // await the ...
// creation of ...
// all tasks
task.run();
};
Executors.newSingleThreadExecutor().execute(r);
}
// allow threads to start and deregister self
phaser.arriveAndDeregister();
}

}



Busig nporpamu

byoe noaibHuin BUBIA (4o4aToK Ma€e He 3akiHdyBaTu poboTy — HATUCHITE Ctrl+C yu
CUMBOJSTbHUWN eKBIBaNeHT 3aBepLUEeHHA J0OaTKY):

» pool-1-thread-1 running at 1445806012709

» pool-2-thread-1 running at 1445806012712

Ak o4ikyeTbCs, 0bmnaBa NOTOKM NOYMHAKTL MpauoBaT ogHOYacHo (B LibOMY BUNaaKy), HaBiTb
He3BaXkaloum Ha MOXnuBe BigknageHHs Ha 349 Mmc Yyepes HadaBHICTb Thread.sleep().

3akomeHTynTe phaser.arriveAndAwaitAdvance(); // await the ...

Ta NOMITUTE, LLIO MOTOKKM 3arnycKalTbCsl B aDCOMNOTHO Pi3HI MOMEHTM:
» pool-2-thread-1 running at 1445806212870
= pool-1-thread-1 running at 1445806213013



e

Exchanger

>

Producer Thread Consumer Thread

O6miHHMKKM (Exchangers) \

00

= OBMiHHUK 3abe3rneyye TOUKY CUHXPOHI3aUil, B AKi1 HATKU MOXYTb OOMiHIOBaATUCb 00’eKTamMu.

» KoXXHa HUTKa npencrasnde aeskmin o6’ekT Ha Bxoai B Metoq exchange() obmiHHMKa, matches with a partner
thread, Ta oTpmMye 06’€eKT napTHeEpPa Ha BUXOA.

» Y3aranbHeHun Knac java.util.concurrent.Exchanger<V> pearni3ye CMHXPOHi3aTop Tuny
OOMiHHUK.
= [Ing iHiyianidayil BUKOpUCTOBYETLCA KOHCTPYKTOP Exchanger().
= [1na obmiHy gani 6epeTbca oauH 3 METOAIB:

m V exchange(V x): Waits for another thread to arrive at this exchange point
(unless the calling thread is interrupted), and then transfers the given object
to it, receiving the other thread’s object in return. If another thread is already
waiting at the exchange point, it’s resumed for thread scheduling purposes and
receives the object passed in by the calling thread. The current thread returns
immediately, receiving the object passed to the exchanger by the other thread.
This throws InterruptedException when the calling thread is interrupted.

® V exchange(V x, long timeout, TimeUnit unit): This method is equivalent to
the previous method except that it lets you specify how long the calling thread
is willing to wait. It throws TimeoutException when this timeout expires while the
thread is waiting.



import java.util.Arraylist;
import java.util.List;

import java.util.concurrent.Exchanger; B M Ko p M CTa H Hﬂ 06 M i H H M Ki B nnﬂ

public class ExchangerDemo
{ 6
static Exchanger<DataBuffer> exchanger = new Exchanger<DataBuffer>(); oq MCTKM y epa

static DataBuffer initialEmptyBuffer = new DataBuffer();
static DataBuffer initialFullBuffer = new DataBuffer("I");

pubLic static vold nain(String[] args) = [ONOBHMI MOTIK CTBOPIOE OOMIHHUK Ta napy bydepis
¢ ose Filtingloop nplements Runnable 3a JOMNOMOro CTaTUYHUX iHilianisaTopis
1@: Z =0 eKk3emMnnapy.
public void run()
{ DataBuffer currentBuffer = initialEmptyBuffer; - I_IOTIM BI/IKOHyeTbCﬂ IHCTaHL'l“-OBaHHH KnaCy
try EmptyingLoop Ta nokaneHoro knacy FillingLoop; ui
while (exue) runnable-o6’ekT nepegaroTbCA ek3emnnapam new
addToBuffer(currentBuffer); T I
sddToBuffer (correntuffer); Thread, 4yni NOTOKM MOTIM 3anyCKatoTbCA.
{

System.out.println("filling thread wants to exchange");
currentBuffer = exchanger.exchange(currentBuffer);
System.out.println("filling thread receives an exchange");

}
}
}

catch (InterruptedException ie)

{

}
}

void addToBuffer(DataBuffer buffer)

{
String item = "NI" + count++;
System.out.println("Adding: " + item);
buffer.add(item);

}

System.out.println("filling thread interrupted");



class EmptyinglLoop implements Runnable
{
@0verride
public void run()
{
DataBuffer currentBuffer = initialFullBuffer;
try
{
while (true)
{
takeFromBuffer(currentBuffer);
if (currentBuffer.isEmpty())
{
System.out.println("emptying thread wants to exchange");
currentBuffer = exchanger.exchange(currentBuffer);
System.out.println("emptying thread receives an exchange");
}
}
}

catch (InterruptedException ie)

{

}
}

void takeFromBuffer(DataBuffer buffer)

{
System.out.println("taking: "

}

System.out.println("emptying thread interrupted");

+ buffer.remove());

}
new Thread(new Emptyingloop()).start();

new Thread(new Fillingloop()).start();

* MeTtoga run() koxHoro runnable 3axoantb y
HEeCKIHYeHHUW UMK, akuin repeatedly pogae B
abo Buaanse 3 its buffer.

= Konu 6ydep noBHUIN abo NOPOXKHIN, OOMIHHUK
BUKOPUCTOBYETLCS Ans obmiHy bydepis, a
3anoOBHEHHS YM OYULLIEHHA NMPOLOBXYETLCH.



class DataBuffer

{

private final static int MAXITEMS = 10;

private List<String> items = new ArraylList<String>();

DataBuffer()
{
}
DataBuffer(String prefix)
{
for (int i = 0; i < MAXITEMS; i++)
{
String item = prefix+i;
System.out.printf("Adding %s%n", item);
items.add(item);
}
}
void add(String s)
{
if (lisFull())
items.add(s);
}
boolean isEmpty()
{
return items.size() == 0;
}
boolean isFull()
{
return items.size() == MAXITEMS;
}

String remove()

if (!isEmpty())
return items.remove(0);
return null;

}

Adding I0
Adding I1
Adding 12
Adding I3
Adding I4
Adding 15
Adding I6

Adding I7

Adding I8
Adding I9
taking: IO
taking: I1
taking: I2
taking: I3
taking: I4
taking: IS
taking: I6
taking: I7
taking: I8
taking: I9
emptying thread wants to exchange

Adding: NIO

Adding: NI1

Adding: NI2

Adding: NI3

Adding: NI4

Adding: NI5

Adding: NI6

Adding: NI7

Adding: NIS8

Adding: NI9

filling thread wants to exchange
filling thread receives an exchange
emptying thread receives an exchange
Adding: NI10

taking: NIO

Adding: NI11

taking: NI1

Adding: NI12



Cemadhopu

= Cemadpop nigtpumye Habip go3BoniB (permits) ansa obMeXxXeHHS KiflbKOCTi MOTOKIB, SKi
MaTUMYTb OOCTYN OO OOMEXEHNX pecypciB.

[MoTik HamMaraeTbCsi OTPUMaTK 4O03BIN, AKWO ANS AOCTYMHUX BOKIB HE Ma€e NOro, NOKM iHLIWK NOTIK He
releases a permit.

Cemadhopu, NOTOYHI 3HAYEHHS AKMX MOXYTb IHKpEeMeHTyBaTuUCh past 1, Bigomi 9k counting semaphores.

cemadopu, YMi NOTOYHI 3HAYEHHA MOXYTb ByTn nuwe 0 abo 1, Ha3mBalTbCA 6iHapHUMUM ceMaghopamu,
abo m’romekcamu (mutex). Y xogHOMY pasi 3Ha4eHHA HE MOXYTb OyTK BiQ' EMHUMM.

» Knac java.util.concurrent.Semaphore peanisye Len CUHXPOHI3aTop Ta onmcye cemadop sK
00’eKT, Wo nigTpumye Habip AO3BONiIB.

IHiLiani3auia cemadopy BigOyBa€eTbCS 3a AOMNOMOIo BUKITMKY KOHCTPYKTOopa Semaphore(int permits), y
SIKOMY permits 3agae KifnbKicTb JOCTYMHUX OO3BOSIB.

Y pesynbrari fairness policy cemadopy 3agaeTtbesa sk false (unfair).

Ak anbTepHaTUBY, MOXHA BUKNUKATU KOHCTPYKTOpP Semaphore(int permits, boolean fair), wo6 3agatu
semaphore’s fairness 3HadeHHs true (fair).

Konun fairness 3agaetbcs 4k false, knac Semaphore He rapaHTye NopsaKy OTPUMaHHS LO3BOSIiB NOTOKaAMM.



Cemadhopu Ta fairness

» Konu fairness 3agaetbcs 4k false, knac Semaphore He rapaHTye nopsaKy OTpUMaHHS
O03BOJS1IB MOTOKaMMW.
= 3okpema, 003BONSAETLCA barging; NoToky, Wo BuKnvkae acquire(), Moxe BMAinAaTUChL 403Bin

In particular, barging is permitted; that is, a thread invoking acquire() can be allocated a permit ahead of a thread that
has been waiting; logically the new thread places itself at the head of the queue of waiting threads. When fair is set to
true, the semaphore guarantees that threads invoking any of the acquire() methods are selected to obtain permits

in the order in which their invocation of those methods was processed (first-in, first-out; or FIFO). Because FIFO ordering
necessarily applies to specific internal points of execution within these methods, it’s possible for one thread to invoke
acquire() before another thread, but reach the ordering point after the other thread and similarly upon return from the
method. Also, the untimed tryAcquire() methods don’t honor the fairness setting; they'll take any available permits.

Generally, semaphores used to control resource access should be initialized as fair to ensure that no thread is starved out
from accessing a resource. When using semaphores for other kinds of synchronization control, the throughput advantages
of unfair ordering often outweigh fairness considerations.




MeTtoau knacy Semaphore

void acquire(): Acquires a permit from this semaphore, blocking until one is
available or the calling thread is interrupted. InterruptedException is thrown
when interrupted.

void acquire(int permits): Acquires permits permits from this semaphore,
blocking until they are available or the calling thread is interrupted.
InterruptedException is thrown when interrupted; I1legalArgumentException is
thrown when permits is less than zero.

void acquireUninterruptibly(): Acquires a permit, blocking until one is
available.

void acquireUninterruptibly(int permits): Acquires permits permits,
blocking until they are all available. I11legalArgumentException is thrown when
permits is less than zero.

int availablePermits(): Returns the current number of available permits. This
method is useful for debugging and testing.

int drainPermits(): Acquires and returns a count of all permits that are
immediately available.

int getQueuelength(): Returns an estimate of the number of threads waiting
to acquire permits. The returned value is only an estimate because the number
of threads may change dynamically while this method traverses internal data
structures. This method is designed for use in monitoring system state and not
for synchronization control.

boolean hasQueuedThreads(): Queries whether any threads are waiting to
acquire permits. Because cancellations may occur at any time, a true return
value doesn’t guarantee that another thread will ever acquire permits. This
method is designed primarily for use in monitoring system state. It returns true
when there may be other waiting threads.

boolean isFair(): Returns the fairness setting (true for fair and false for unfair).

void release(): Releases a permit, returning it to the semaphore. The number
of available permits is increased by one. If any threads are trying to acquire a
permit, one thread is selected and given the permit that was just released. That
thread is reenabled for thread scheduling purposes.

void release(int permits): Releases permits permits, returning them to the
semaphore. The number of available permits is increased by permits. If any
threads are trying to acquire permits, one is selected and given the permits

that were just released. If the number of available permits satisfies that thread’s
request, the thread is reenabled for thread scheduling purposes; otherwise, the
thread will wait until sufficient permits are available. If there are permits available
after this thread’s request has been satisfied, those permits are assigned to
other threads trying to acquire permits. I1legalArgumentException is thrown
when permits is less than zero.

String toString(): Returns a string identifying this semaphore as well as its
state. The state, in brackets, includes the string literal "Permits =" followed by
the number of permits.

boolean tryAcquire(): Acquires a permit from this semaphore but only when
one is available at the time of invocation. Returns true when the permit was
acquired. Otherwise, returns immediately with value false.



¥ boolean tryAcquire(int permits): Acquires permits permits from this
semaphore, but only when they are available at the time of invocation. Returns
true when the permits were acquired. Otherwise, returns immediately with value
false. I1legalArgumentException is thrown when permits is less than zero.

® boolean tryAcquire(int permits, long timeout, TimeUnit unit): Like the
previous method, but the calling thread waits when permits permits aren’t
available. The wait ends when the permits become available, the timeout
expires, or the calling thread is interrupted, in which case InterruptedException
is thrown.

®  boolean tryAcquire(long timeQut, TimeUnit unit): Like tryAcquire(int permits),
but the calling thread waits until a permit is available. The wait ends when the permit
becomes avalilable, the timeout expires, or the calling thread is interrupted, in which
case InterruptedException is thrown.



import java.util.concurrent.Executors;
import java.util.concurrent.ExecutorService;
import java.util.concurrent.Semaphore;

public class SemaphoreDemo

{
public static void main(String[] args)
{
final Pool pool = new Pool();
Runnable r = new Runnable()
{
@0verride
public void run()
{
String name = Thread.currentThread().getName();
try
{
while (true)
{
String item;
System.out.println(name + " acquiring " +
(item = pool.getItem()));
Thread.sleep(200 + (int) (Math.random() * 100));
System.out.println(name + " putting back " + item);
pool.putItem(item);
}
}
catch (InterruptedException ie)
{
System.out.println(name + "interrupted");
}
}
b
ExecutorService[] executors = new ExecutorService[Pool.MAX AVAILABLE+1];
for (int i = 0; i < executors.length; i++)
{
executors[i] = Executors.newSingleThreadExecutor();
executors[i].execute(r);
}
}

}

BukopucraHHsa counting semaphore gns
KepyBaHHSA 4OCTYnoMm A0 nyny item-iB

[onoBHUK NOTIK CTBOPIOE pecypcHUK nyn, runnable for
repeatedly acquiring and putting back resources, Ta
MacCuB eK3eKyTOopiB.

» KOXHOMY eK3eKyTOpYy CKka3daHO BMKOHYBaTu runnable-3agadvy.

MeToam String getltem() i void putltem(String item)
Knacy Pool oTpMytoTb Ta NoBepTaoTb PALAKOBI

pecypcu.

[lo oTpuMaHHs enemeHTy B getltem() BUKNvKao4mm
NOTIK MOBMHEH ofep>kaTh A03BIiNn Bif cemadopy, skum
rapaHTye, WO erneMeHT (item) gocTynHun ans
BUKOPUCTAHHS.

Konu notik 3aBepwye poboTy 3 enemMeHTOM, BiH
BUKNMKae putltem(String), Sknin noBepTae ernieMeHT B
nyn, a noTim releases a permit to the semaphore,
which lets another thread acquire that item.



final class Pool

{

public static final int MAX_AVAILABLE = 10;

private Semaphore available = new Semaphore (MAX AVAILABLE, true);

private String[] items;

private boolean[] used = new boolean[MAX AVAILABLE];

Pool()

{
items = new String[MAX_AVAILABLE];

for (int i = 0; i < items.length; i++)
items[i] = "I" + i;
r

String getItem() throws InterruptedException

available.acquire();
return getNextAvailableItem();

}

void putItem(String item)
{
if (markAsUnused(item))
available.release();
}

private synchronized String getNextAvailableItem()

{
for (int i = 0; i < MAX_AVAILABLE; ++i)

if (lused[i])
{
used[i] = true;
return items[i];
}
}

return null; // not reached

= Konu BuknukaeTtbcd acquire(), cMHxpoHisadinHoro 3amka (lock) Hemae,
OCKifIbKM e 3aBaXxaTuMe efieMeHTY NOBEPHYTUCHL Y Nyn.

= [lpoTe metogmn String getNextAvailableltem() Ta boolean markAsUnused(String
item) CMHXPOHI30BaHi, WO6 NigTpMMyBaTK LINICHICTb Nyny.

= Cemadop iHKarncyne CUHXPOHI3auito Anga 3abopoHn goctyny Ao nyny 6es
CUHXPOHI3aLii, HeobXigHOI ANs NIATPUMKKU LiNTICHOCTI nyny.

private synchronized boolean markAsUnused(String 1tem)
{
for (int i = 0; i < MAX AVAILABLE; ++i)
{
if (item == items[i])
{
if (used[i])
{
used[i] = false;
return true;
}
else
return false;

}
}

return false;

}



PesynbTtaT BUBOAY

pool-2-thread-1
pool-4-thread-1
pool-6-thread-1
pool-8-thread-1

acquiring IO
acquiring I1
acquiring I2
acquiring I3

pool-10-thread-1 acquiring I4

pool-1-thread-1
pool-3-thread-1
pool-5-thread-1
pool-7-thread-1
pool-9-thread-1
pool-6-thread-1

acquiring I5
acquiring I6
acquiring I7
acquiring I8
acquiring I9
putting back I2

pool-11-thread-1 acquiring I2

pool-2-thread-1
pool-6-thread-1
pool-4-thread-1
pool-2-thread-1
pool-1-thread-1
pool-4-thread-1
pool-5-thread-1
pool-1-thread-1
pool-8-thread-1
pool-5-thread-1
pool-7-thread-1
pool-8-thread-1

putting back IO
acquiring IO
putting back I1
acquiring I1
putting back I5
acquiring IS5
putting back I7
acquiring I7
putting back I3
acquiring I3
putting back I8
acquiring I8

pool-10-thread-1 putting back I4

pool-7-thread-1
pool-9-thread-1

acquiring I4
putting back I9

pool-10-thread-1 acquiring I9



CuHXpoHi3aTopu B UifIOMy

( Synchronizers )

v

(snce JDK 1.5 Jjava.io.Serializable

Semaphore

+Semaphore(int)
+Semaphore{int, boolean)
+acquire(): void
+acquireUninterruptiby(): void
+tryAcquire(): boolean
+tryAcquire(long, TimeUnit): boolean
+release(): void

+acquire(int): void
+acquireUninterruptiby(int): void
+tryAcquire(int): boolean
+tryAcquire(int, long, TimeUnit):
boolean

+release(int): void
+availablePermits(): int
+drainPermits(): int

+isFair(): boolean
t+hasQueuedThreads(): boolean
+getQueuelength(): int
+toString(): String

+getCount(): long

+toString (): String

Exchanger<\V>

[ o A
(since JDK 1.5 )
CyclicBarrier

+CyclicBarrien(int,

Runnable)

+CyclicBarriern(int)

+getParties(): int

+await(): int

+await(long, TimeUnit): int

+isBroken(): boolean

+reset{): void

+getNumberWaiting(): int

v S
(since JDK 1.5 “ - A 4
since JOK 1.5
CountDownlLatch

+HCountDownLatch(int)
+await(): void :Excrr:angeri} .y
+await(long, TimeUnit): boolean exchange(V):
+ocountDown(): void

+exchange(V, long, TimeUnit): V

v

(5 nce JOK 1.7

Phaser
+Phaser()
+Phaser(int)
+Phaser{Phaser)

+Phaser{Phaser, int)

+reqgister(): int

+bulkRegister(int): int

+arrive(): int
+arriveAndDeregister(): int
+arriveAndAwaitAdvance(): int
+awaitAdvance(int): int
+awaitAdvancelnterruptibly(int): int
HorceTermination(): void
+getPhase(): int
+getRegisteredParties(): int
+getAmivedParties(): int
+getUnarrived Parties(): int
+getParent(): Phaser

+getRoot(): Phaser
+isTerminated(): boolean
+oString(): String
+tawaitAdvancelnterruptibly(int, long,
TimeUnit): int




