HN3bKOPIBHEBA CUHXPOHI3ALLIA
[MTOTOKIB

[MuTtaHHa 6.2.




CuHxpoHi3anis moTokiB. [Ipuknaz 3 6aHKiBCbKUM
PAaXYHKOM MOAPYHOKA

public class CheckingAccount

{

private int balance;

public CheckingAccount(int initialBalance)

{
}

public boolean withdraw(int amount)

{

balance = initialBalance;

if (amount <= balance)

{
try

{
}

catch (Interruptedexception ie)

{
}

balance -= amount;
return true;

}

return false;

Thread.sleep((int) (Math.random() * 200));

}

* KO)XXeH MOTIK Yy IIpo1ecl CBOrO BUKOHAHHS 130/IbOBAHUU B1/J]
{HIIUX, OCKIJIBKY Ma€ BiaacHui method-call crek.

» [Ipore MOTOKM BCe 1ie MOXKYTh B3AEMOAISITH M)XK COO0I0, KOTM BOHU
OTPUMYIOTH TOCTYII Ta 06po6IstoTh cribHi (shared) mami.

* ‘Taka B3aeMOZisi MOXKe MOLIKOAUTH Lii IaHi, 110 MpU3BeJe, B CBOIO Yepry, 10
MOPYLIEeHHSI pOOOTH 3aCTOCYHKY.

@MapuyeHko C.B., }

public static void main(String[] args)

{
final CheckingAccount ca = new CheckingAccount(100);
Runnable r = new Runnable()
{
public void run()
{
String name = Thread.currentThread().getName();
for (int i = 0; i < 10; i++)
System.out.println (name + " withdraws $10: " +
ca.withdraw(10));
}
b
Thread thdHusband = new Thread(r);
thdHusband.setName("Husband");
Thread thdWife = new Thread(r);
thdWife.setName("Wife");
thdHusband.start();
thdWife.start();
}



BusBig

Wife withdraws %$10: true

Husband withdraws %10:
Husband withdraws %10:

true
true

Wife withdraws %$10: true
Wife withdraws %10: true

Husband withdraws %10:

true

Wife withdraws %10: true
Wife withdraws %10: true
Wife withdraws $10: true

Husband withdraws %10:
Husband withdraws $10:
Husband withdraws %10:
Husband withdraws %10:
Husband withdraws %10:
Husband withdraws %10:
Husband withdraws $10:

true

talse
false
false
false
false
talse

Wife withdraws %10: true

Wife withdraws %10: false
Wife withdraws $%$10: false
Wife withdraws %10: false

= J[lopaTtok A03BONSE 3HATU BinbLue rpoLllen, HiXk 3HaxoauTbCH Ha
PaxyHKYy.
= BignosiaHun BMBIia nokasye Bugadvy $110, xoua Ha paxyHKy — Bcboro $100

» [lpnumnHow UbOMY € cmaH 20Humeu (race condition) Mixx nOTOKaMun Yonosika Ta
OPY>XUHN,

» CmaH 20HUM8U — Le CLEHapin, 3a SAKOro Kifibka rnoTokKiB
BiANPaBMsOTb 3aNUTK Ha AOCTYN A0 CNiflbHUX AaHWX | pesynbrar
LUMX 3annTiB 3aneXuTb Bid TauMIHry nraHyBaHHSA MOTOKIB.

= CTaHW rOHUTBWN MOXYTb NPU3BOAMTM A0 OariB, siKi BaXXKO BiACTEXMUTH, 3
HenepenbavyBaHMMN pesynsTaTaMu.

* Y npuknagi ctaH roHUTBM BUHMKAE NMPU 3HIMaHHI rpoLLen, 30Kkpema, nepesipui
3asIMLLKY Ha paxyHKY.

= CTaH roHUTBW iCHY€E, TOMY LLO Ail HE € amomapHUMU (HeaINUMMMNn)
onepauiamu.
» [lpucyTHin Buknuk metoay Thread.sleep(), aknn 3amyLuye noTik 3aCUHATU Ha Pi3HI
npoMibkku Yacy (8o 199 mc).

= Bes uboro BUKNKKY AOBENOCk 61 COTHI pa3 TecTyeaTy JOAATOK Ha Lo npobnemy,
OCKiNbKWN NnaHyBanbHUK pigko NpU3ynuHSie NOTiK B panoHi try-catch.



CueHapin Npobriem i3 CUHXpPOHI3aUi€ero

Husband withdraws $10: true
Wife withdraws %10: true
Husband withdraws $10: true
Wife withdraws %10: true
Husband withdraws $10: true
Wife withdraws %10: true
Husband withdraws $10: true
Wife withdraws %10: true

Husband
Husband
Husband
Husband
Husband
Husband

withdraws $10:
withdraws $10:
withdraws $10:
withdraws $10:
withdraws $10:
withdraws $10:

true

false
false
false
false
false

Wife
Wife
Wife
Wife
Wife
Wife

withdraws %10:
withdraws %10:
withdraws %10:
withdraws %10:
withdraws %10:
withdraws %10:

true

false
false
false
false
false

1)

2)

3)

4)

[MoTtik Husband BukoHye Bpas amount <= balance (noeeptae true) metoay
withdraw(). MNMoTiM nnaHyBanbHUK NpudynuHdae notik Husband Ta BUKoHyeE
noTik Wife.

[NoTik Wife aHanoriyHo BUKOHye BMpa3 amount <= balance (noseprtae true)
meTtoay withdraw().

[NoTik Wife BMKOHY€E 3HIMaHHA KoWTiB. [naHyBanbHUK NPU3YynuHAE NOTIK
Wife Ta BigHoBmntoe poboTy noTtoky Husband.

[MoTik Husband BMKOHY€e 3HIMaHHA KOLUTIB.

Lito npobriemy MoxHa BUMNpPaBUTKM, CUHXPOHI3Yo4M AOCTYN A0 METoAy
withdraw(), wo6 nuwe oauH NOTIK 3a pa3 Mir BUKOHYBaTW e MeToL.
= MoXHa CMHXPOHI3yBaTV OOCTYN OO LbOro MeToay, AOAaBLUM 3ape3epBoBaHe CIi0BO

synchronized y 3aronoBok MeTtoay nepes TUNOM NOBEPHEHHs, Hanpuknaa, synchronized
boolean withdraw(int amount).



[NoTpeba B CMHXPOHI3aLil 4YacTO Ma€E CBOI TOHKOLL

class ID

{

private static long nextID = 0;
static long getNextID()

{
return nextID++;

}
}

= y knaci ID oronowwyeTtbea metoa getNextID(), akmin noBepTae yHikanbHUA Josrn winun 1D,
Hanpuknag, anga iMmeHyBaHHS pannis.

" HaBiTb TaKNMW MPOCTUN METOA MOXE NPMU3BECTUN OO0 MOLLUKOIKEHHS AaHUX Ta noBepTaTu Ay6rboBaHi 3Ha4YeHHS
Ha 32-0iTHUX MaLUMHaX.

= |le BinOyBaeTbcs ToMy, Wo 32-6iTHa BipTyanbHa MallMHa BUMarae ABa KPOKW A5si OHOBMNEHHS 64-6iTHoro
[0Broro uinoro, a gogasaHHs 1 oo nextlD — He aTomapHa onepaLiisi.

» [lnaHyBasnibHUK MOXe nepepsaTu NOTIK, AKUW OHOBMB JvLLe MONoBMHY nextiD, WO NOLWKO4KYE BMICT 3MIHHOI.



Mpo6nemMa HECUHXPOHI3OBAHOIO KOHTEKCTY

= 3MiHHI TUnNy long i double MOXyTb NOLLIKOOXKYBATUCL NPW 3annci B HECUHXPOHI30BAHOMY
KOHTEKCTi Ha 32-0iTHMX MalUMHaX.

= [laHa npobnema He TpannseTbed 3i amiHHMMK Tuny boolean, byte, char, float, int abo short; koxxeH 3 Luux TMniB
3anmae 32 6itn abo meHLle.

» [1yOnboBaHi 3Ha4eHHA NOBEPTaTbCS Y 3B’A3KY 3 MOCTIHKPEMEHTOM (++), KU 3UNTYE Ta
3anucye nextlD y gBa etanu:
= noTik A yntae nextiD, npoTe He IKpeMEHTYE 3HaYEeHHS 4O CBOro NnepepuBaHHS niaHyBanbHUKOM
" MOTiK B BUKOPUCTOBYE Ta 3UMUTYE Te X 3HAYEHHA.

= Obuasi Nnpobnemn MOXHa BUNPaBUTU, CUHXPOHI3YOYN gocTyn Ao nextlD, wob nuwe oguH
NOTIK MIr BAKOHYBATW KOA, METOAY.

= [1nga uboro noTpibHO gogaBaTu synchronized y 3aronioBok MeToay rnepen TMNomMm noBepHEHHA, Hanpukniag, static
synchronized int getNextID().

» Ak 6yge nokasaHo MidHile, TakoX MOXHAa CUHXPOHI3yBaTK OOCTYN 00 6noKy oneparopis, BAKOPUCTOBYHOHUN

CUHTakKcuc, ae object moxe OyTn OOBINMbHUM NOCUNAHHAM Ha OO eKT. . .
AS 90 AL, synchronized(object)

{
}

/¥ statements */



MexaHI13M B3a€EMHOI'O BUKJIIOYECHHSI

» HesBakarouu Ha Te, CHHXPOHi3yeTe Bu MeTon 4u HabGip iHCTPYKIIiiA, HiSIKUI MOTIK HE MOYKe
BBiHAITH B CHHXPOHi30BaHY 00/1aCTh IOTH, AOKH 11 He TOKWHE MOTIK, SKUH B)Xe BUKOHYETHCS B HilA.

» [Is1 BIaCTUBICTh CHHXPOHI3allil HA3UBAETHCS B3AEMHUM uKkatoueHHam (mutual exclusion).

» Peasizaliist bOro MexaHi3My BiIOYBa€THCSI Ha OCHOBI MOHimopie Ta 3amkie (locks).

* MoHimop — concurrenCy-KOHCTPYKIIisT IjIs YIPaBIiHHS AOCTYIIOM 10 KPUTHYHOI CeKIIil — 06/1acTi
KOZY, IKa Ma€ BUKOHYBAaTHUCh aTOMAPHO.

* Bin BU3Ha4a€eTHCS HA PiBHI KOZY SIK CHHXPOHI30BaHUI MeToz, 00 CHHXPOHI30BaHUH OJIOK.

* 3amoK - 1ie TOKeH, SIKMI MAa€ OTPUMATH MOTIK A0 TOTO, SIK MOHITOP HaJAaCTh MOXXJIMBICTD LIbOMY
MOTOKY BUKOHYBATHU CBIU KO, BCepeJuHI KPUTUYHOI CEeKIIil.

" TokeH peasi3yeTbCsl aBTOMAaTUYHO, KOJIU MOTIK BUXOJUTh 3 MOHITOPA 1 A€ 3MOI'y OZIEPXXaTH TOKEH Ta 3alUTH IHIIOMY
MTOTOKY.



MoHiTOpH Ta 3aMKH

* [IOTIK, IKUU BCTAaHOBUB 3aMOK, He BIKPUBA€E MUOTO IMTPU BUKJIIUKY OLHOTO 3 METO/1B
Thread.sleep().

» [ToTiK, 1110 3aXOAMTH CHHXPOHI30BAHUU METO/I eK3eMILJISIPY, BCTAaHOBJIIOE 3aMOK, ITPUB I3aHUU 1O
00 €KTY, YUH MEeTO/l BUKJIMKABCS.

* BXiz mOTOKY B CHHXPOHI30BaHHI MeTOJ, KJIaCy BCTAaHOBJIIOE 3aMOK, TTOB’s13aHMM 3 00’eKTOM Kiiacy java.lang.Class.

» BxiJ MOTOKY B CHHXPOHI30BaHHUU 0JIOK BCTAHOBJIIOE 3aMOK, ITOB’SI3aHUM 3 00’ €KTOM, 1110 YIIPABJISIE LIUM OJIOKOM.

» Kiac Thread oronomrye craruunmii meron holdsLock(Object o), sikuit moBepTae true, sIKIo
BUK/TUKAIOYHI TTOTiK yTPUMYE 3aMOK MOHITOpPa HaJi 06’ €KTOM O.

» MeTo/ KOPUCHUH Y TBEPHKEHHsIX, Ha 3pa3ok assert Thread.holdsLock(o);



Bugumictb (Visibility)

= JIy1s1 miABULEHHS NPOAYKTUBHOCTI KOXKeH MOTIK MOYXe MATH BJIACHY KOIIIIO CITIJIbHOI 3MIHHOI,
sika 306epiraeTbCs B IOKAIbHOMY KellTi.

» Be3 cuHXpOHi3allii 3aNKC 3HAaYeHHSI OJHOTO ITOTOKY B CBOIO JIOKAJIBHY KOTIi10 3MiHHO1 OyZie HEBUMMHM PeINTi
MTOTOKIB.

= B igeasi noTiK MOBMHEH OHOBJIIOBATH 3HAY€HHS 1 CITIJIbHO1 3MiHHOI.

» CHUHXPOHI3allisI TAKOXX MAa€ BJIACTUBICTh BUQUMOCMI, [JisI IKO1 3HAYe€HHS CITITbHOI 3MiHHOI B
OCHOBHIl IMaM sITi KOITIIOETHCS B KellI-TTaM SITh IIPX BXO/Ii B KPUTUYHY CEKIIif0 Ta KOMIiIOETHCS 3
Kellly B OCHOBHY aM SITh TIPY BUXOZ 3 Hel.

* BugumicTh CTOCYETHCSI 0COOTMBOCTEM KEITyBaHHS Ta ONITUMi3alliii KOMIIJIATOPA, SIKi MOXXYTh YOe3[e4YruTH OAVH
MOTIK BiJ, Teperisifly OHOBJIeHb CIIIBHOI 3MIHHOI IHIIWM ITOTOKOM.



public class ThreadStopping

{

public static void main(String[] args)

; BuauMicTh 103BOJISIE€ MOTOKAM B3a€EMOTIATH

class StoppableThread extends Thread

{

private boolean stopped = false;

@0verride
public void run()

{
while(!stopped)
System.out.println("running");

}

void stopThread()

{

stopped = true;

}
StoppableThread thd =

thd.start();
try
{

}

catch (InterruptedException ie)

{

}
thd.stopThread();

new StoppableThread();

Thread.sleep(1000); // sleep for 1 second

MorkHa CrIpOeKTyBaTH BIACHUIM MeXaH13M 3yTUHKU MOTOKY

» BukopucToByBaTu MeToau stop() 3 kiacy Thread mist iboro HeGe3meYHO

JlokanpHuii k1ac StoppableThread
= cy6xmacye Thread,
= orosoliye OyneBe nose stopped = false

" OIKCY€E METOAU stopThread() /17l TO3HAY€HHS 3yIMHEHOro MNOTOKy Ta run(),
YU HeCKIHYEeHHUM [IUKJT TTlepeBipsie Ha KOXKHIM iTepallil CTaH MOTOKY.

[Ticyist incrannitoBanus StoppableThread, ronoBuuii motix 3a
3aMOBYYBaHHSIM 3aITyCKa€ MOTIK, OB’ sI3aHUM 3 TAaHUM 00 €KTOM

Thread.

Hani Bin BMKLHYE 3aCHYTH 1iei TIOTIK Ha 1C Ta BUKJIMUKAE MeTOZ, stop() Kracy
StoppableThread nmepen cmepTio.

[Ipn 3anmycKy IOAATKY HA OAHOSIAEPHOMY NPOLLeCOpl JOAATOK,
CKoOpillle 3a Bce, TPUITUHUTH POOOTY.

= Ha mynsTMNpouecopHux 4u 6araToslepHUX MIaTpopmMax s 3yIMHKa MOXe
BiZIOyTHCh HETIOMITHO 3aB/SIKM KELIIOBAaHUM KOTIisSIM 3MiHHOI stopped.

» Konmu OAVH MOTIK 3MIiHIOE CBOIO KOO ObOTIoO I10JI4, MOro KOITisg B IHI_HOMY HOTOL[i
3a/IMHIA€ThCA HE3MIHHOIO.



public class ThreadStopping
{

public static void main(String[] args)

{
class StoppableThread extends Thread

private boolean stopped = false;

@0verride
public void run()
{
while(!isStopped())
System.out.println("running");

}

synchronized void stopThread()

¢ stopped = true;

}

private synchronized boolean isStopped()
i return stopped;

}

StoppableThread thd = new StoppableThread();
thd.start();

try

{
}

catch (InterruptedException ie)
{

}
thd. stopThread();

Thread.sleep(1000); // sleep for 1 second

BukoHaemo pepaKTOPHUHT A

rapaHTii KOPeKTHOCTi poooTH

* Metozu stopThread() Ta isStopped() curxpoHi3oBaHi A1
MIATPUMKU BUAUMOCTI, TOMY TOJIOBHUH MOTIK, 1O BUKJIMKAB
stopThread(), Mmo)ke KOMyHIKyBaTH i3 3aMyIeHUM ITIOTOKOM,
SAKUN BUKOHYETHCS BCcepearHi run().

* KoM NoTiK 3aX0AUTh B OAWH 3 LIUX METOZ1B, TAPAHTY€ETHCS JOCTYM 10
crisbHOI (HeKeloBaHOI) Kol mosist stopped.



public class ThreadStopping

{
public static void main(String[] args)

{
class StoppableThread extends Thread

{

private volatile boolean stopped = false;

@0verride
public void run()

{
while(!stopped)
System.out.println("running”);
}

void stopThread()

{
stopped = true;

¥
}
StoppableThread thd = new StoppableThread();
thd.start();

try
{

}
catch (InterruptedException ie)
{

}
thd.stopThread();

Thread.sleep(1000); // sleep for 1 second

[MToganpmwmii pepaKTOPUHT

* CHMHXpPOHI3alisl Ja€ B3aEMHE BUK/TIOYEHHS Ta BUAUMICTb.

»  (OCKiJIbKY B IIbOMY MPUKJ/Ia/li B3BAEMHE BUK/TIOYEHHS He HOTp16He (HeMae race
condition), MO)KHa BUKOHATH pepaKTOPUHT TONepeIHbOTO JIICTUHTY,
BUKOPUCTABIIY 3ape3epBoBaHe C/I0BO volatile, sike miaTpumye auwe
eudumicmes.

= [loToKH, 10 OTPUMYIOTb IOCTYTI [0 LIOTO TO/IsA, GYAyTh 3aBX/AM MaTH AOCTYTI
e 1o eguHol shared xomil (He kemroBaHi Komil Ha
MY/IBTHUIIPOLIECOPHUX/6AraTosiIepHUX CHCTEMAX).

» Konu nmosie orosouieHo K volatile, ¥1oro He MOYXKHa TaKOX
orojocuTu final.

Ilnst netanpHOl iHQOpMallii po3misiHbTe cTaTTIO Brian Goetz “Java theory and
practice: Fixing the Java Memory Model, Part 2"

» BukopucTtoByiiTe volatile nuiiie B KOHTEKCTi B3aEMOZii TIOTOKIB Ta
OT'OJIOLLIEHb IOIB.

= Xou Bu moxere oronocutu double Ta long mons sik volatile, kpate yaukatu
1IHOTO Ha 32-6iTHMX BM.

= JIns 1bOTO BUKOHYEThCSA 1B OMepallii /1 J0CTyIy 10 3HaYeHb TaKUX
3MiHHUX, 1[0 BUMAra€ B3a€EMHOTO BUK/TIOUeHHs (CHHXPOHI3allii) 1ist
IHﬂTpHNHQ{663HeKH


http://www.ibm.com/developerworks/library/j-jtp03304/

Ou4iKyBaHHSA

» Kiac java.lang.Object mocrayae metoau wait(), notify() i notifyAll() anst miaTpuMKu ogHi€l 3
$OpM MDKITOTOYHOI B3a€EMOZ i1, KOJIU MOTiK 3MYIITYIOTh YeKaTU Ha BUKOHAHHS JIESTKOl YMOBU
(mepeartocyuaaHHS JIs1 TPOJIOBXKEHHS BUKOHAHHS IIOTOKY).

" Y MOMEHT, KOJIM YMOBa BUKOHAJ/IaCh, IHILIMH MOTIK NOB1AOMIISIE IPO MOXJIUBICTb POJOBXEHHS ITIOTOKY, SIKUHN
3HAaXOAWUTHCS B CTaHI O4iKyBaHHSI.

» Metop wait() 3My1irye MOTIK, 1[0 Or0 BUKJIMKAB, OYiKyBaTH MOHITOP 00’€KTa, a MeTozu notify() ta notifyAll()
«OyAsiTh» OOWH a00 BCi MOTOKH, 110 OYIKYIOTh MOHITOPA.

» Ockinbku wait(), notify() i notifyAll() sanexxaTs Bi 3amMKa, X He MOXXHA BUK/IMKATH 32 ME)KaMU
CUHXPOHI30BaHOI'O METOAY a00 GJIOKY.

» [Hakure BUHMKHe BUHSATOK java.lang.lllegalMonitorStateException.

» Tako MOTiK, SIKMI1 BCTAHOBUB 3aMOK, BiZIKPUBA€ HOT0, KOJIU B MOTOILi Oy/ie BUKJIMK OZHOTO 3 METOZiB

Object.wait().



BizHOMEeHHs BUPOOHWK-CIIO)KUBAY

* KJlacM4YHWUU NIPUKJIAJ, B3A€MO/I11 TOTOKIB.
= [JoTik BI/IpO6HI/IKa CTBOPIOE€ €/1IEMEHTHU NaHUX, IO CITOXKNBAIOTHCA ITIOTOKOM CITIO)KHMBa4a.

= Ko)keH MpOoIyKOBAaHUH e/leMeHT JaHUX 30epiraeTbCs B CITUTbHIN 3MiHHIM.

* Y4BiTb, [0 TIOTOKHU 3aMyIleHl 3 pi3HOIO IBUIKICTIO.

* BupoOGHMK MOYKe CTBOPIOBATH HOBi €/IeME@HTH JJAHUX Ta 3aNTUCYBATH IX Y CITUTBHY 3MiHHY O OTPUMaHHS
JAHUX CIIOXKHUBAYEM.

* CrnoX”Ba4 MO)Xe OTPUMYBATH KOHTEHT CITiJIbHOI 3MiHHOI JIO TOTO, SIK €/IeMeHTH JaHUX OyoyTh
BUPOO/IEHUMH.

= JI71s1 IOOIAHHS 1IUX MPo6JieM MOoTiK-BUpoOHUK (producer thread) mae o4ikyBaTH, TOKH
HOT0 MOBiIOMJISITh, IO MTOTIePeAHBO CTBOPEHI aHi OY/TU CITOXKUTI.

» [loTiK-CrTO)XHBa4 Ma€ YeKaTH, MOKU HOTo He MOBiZJOMJISITh, 110 HOBUU eIeMeHT JaHUX Oy/I0 CTBOPEHO.



class Shared

{

}

private char ¢ = "\u0000';
private boolean writeable = true;

synchronized void setSharedChar(char c)

{
while (!writeable)

try
{

}

catch (InterruptedException e) {}
this.c = ¢;

wait();

writeable = false;
notify();

}

synchronized char getSharedChar()
{
while (writeable)
try

{
}

catch (InterruptedException e) {}
writeable = true;
notify();
return c;

}

wait();

BigHOLWEeHHA BUPOOHUK-CNOXMBaY

» JlomaTok cTBOproe 06’ eKT Knacy Shared i ABa moTokw, 110
OTPUMYIOTH KOITif0 TOCUIAHHS HA 00 €KT.

» Bupo6nuk Buxiankae metof setSharedChar() 06’exry, 06 36epertu
KOXKHY 3 26 BeJTUKUX OyKB;

» CnoxxuBau Bukinkae metof, getSharedChar() o6’exry a5t orprmyBaHHS
KOYXHOI JIiTepH.

public class PC

{
public static void main(String[] args)
{
Shared s = new Shared();
new Producer(s).start();
new Consumer(s).start();
}
}



class Consumer extends Thread
class Producer extends Thread {

{ orivate Shared s; private Shared s;
¥

Consumer(Shared s)

Producer(Shared s) ] {
{ N this.s = s;
this.s = s; }
}
@0verride
@0verride public void run()
public void run() {
{ char ch;
for (char ch = 'A"; ch <= 'Z"; ch++) do
{ {
s.setSharedChar(ch); ch = s.getSharedChar();
System.out.println(ch + " produced by producer."); System.out.println(ch + " consumed by consumer.");
}
} while (ch != 'Z');
} }
}

» [lone ek3emrutsipy writeable BizcTexxye nBi ymoBu:
* BuUpoOHUK OYiKY€, 10 CIIOXKUBAY OOPOOUTH €JIeMEeHT JaHHX

» CriokuBag O‘-IiKYE BI/IPO6HI/IKa A4J151 CTBOPE€HHS HOBOTI'O €/IEMEHTY JadHUX.

- I]XJJIEEJI()II()hdaﬂﬁiEIPUD()F”EIII{quEYFPI]BIII(CXEE&IiIifI]BIII)()(SIIIiI(&LTHi CITO>XKMBa4a.



InocTpauia KoopanHyBaHHA: CNoXuBau
BUKOHYETbLCA NEepLUNM

1. Cnoxwuau BukoHnye s.getSharedChar() mis orpumanss giTepu.

2. BcepenuHi cHHXPOHI30BaHOTO METO/Y CITOXKMBA4 BUKJIMKAE Wait(), ocKinbku writeable gopiBHioe
true. Temep cio)kMBa4 Yekae Ha HaAXOMKeHHsI HOTUdiKaLii (croBilleHHs) Bif BUPOGHUKA.

3. BupoG6HuK B KiHmji KiHiiB BuKoHye s.setSharedChar(ch);.

4. Komu BUpOOHUK BXOJUTH y CHHXPOHI30BaHHU MeTO/I, 3HaYeHHs writeable Bigmosizae true, i
BUPOOHHK He BUK/THKaE wait().
* MOX/IUBICTD BXOZY €, OCKIIBKY CTIOXKHBa4 BiZIKprB 3aMoK (release the lock) y metoai wait() mepes mo4aTkoM o4ikyBaHHSs

5. Bupo6GHuK 36epirae cumMBOJI, MPUCBOIO€ writeable 3HauenHs false (3MycuTh BUpOOHMKa YeKaTH
HacTymHoro BUKIUKY setSharedChar(), komu cio)xuBay Ha TOM 4Yac 1€ He CTIOXKHUB CUMBOJI), a
MOTiM BUK/IMKAE notify(), 1106 po3oyauTu crioXkrBava (IIpUITyCKae€MO, 1110 CIIO)KMBAY B OYiKYBaHHi).

6. Bupobuuk Buxoguts 3 setSharedChar(char c).

7. CnoxuBad mpocuHaeThes (i BCTAaHOBIOE 3aMOK), TIPMCBOIOE writeable 3HaueHHs true (3MycHTB
CIIO)XMBAYa YeKaTH Ha HacTynHui BUKIUK getSharedChar(), ko BUpOGHUK 1ije He BiATBOPUB
CUMBOJT), OyaAUTh BUPOOHMKA (ITepen0ayaeThCs, IO BiH y CTaHi OYiKyBaHHSI), a IOTIM MOBEPTAE
CIIJIBHUU CUMBOJL.



public class PC

{

}

public static void main(String[] args)

{

}

Shared s = new Shared();
new Producer(s).start();
new Consumer(s).start();

class Shared

{

private char ¢ = "\u0000';
private boolean writeable = true;

synchronized void setSharedChar(char c)

{

}

while (lwriteable)
try
{

}
catch (InterruptedException e) {}

this.c = c;
writeable = false;
notify();

wait();

synchronized char getSharedChar()

{

while (writeable)
try
{

}
catch (InterruptedException e) {}

writeable = true;
notify();
return c;

wait();

HeaTomapHiCTh BUK/JINKIB
IMPOAYKYBaHHS/CIIO)KMBaHHATA System.out.println()

= X0o4 CMHXPOHi3aIlisi Mpallfo€ KOPEKTHO, Ha JesIKUX TIaTPpopMax MOXKHA
CIIOCTepiraTyu BUBiJI, AKWUH ITOKa3y€e OaraTo MmoBiIoMJIeHb 010
POyKyBaHHS Ilepe 6araTbMa IOBiJOM/IEHHSIMH PO CITO)KHUBAHHS.

* Hanpukiaz, Ha TOYAaTKy BUBOAY MO)XXHA TOMITUTH CIIPOAYKOBAaHUI CUMBOJ A, Aali —
CIIPOAYKOBAaHUU CUMBOJI B, MOTIM CIOXUTHI CUMBOI A.

» TaKuii ZUBHUM BUBIJ CIPUYMHEHWH HeaTOMapHicTi0 BUKIUKY setSharedChar(), 3a
SIKAM CJIifIy€e BiAMmOBiqHMI BUKIUK System.out.println().

» AmnasoriuHo i mis getSharedChar().

» [TopsiIOK BUBOy MOYKHA CKOPUTYBAaTH, OOTOPHYBIIY (Wrapping) KOXXHY
Mapy BUKJIMKIB METOJiB Y CHHXPOHi30BaHOMY OJIOIIi, IKUH CUHXPOHI3Y€
Shared-o6’exT s.



Kopg Ta pesyibraTn BUBOAY

class Producer extends Thread
{
private Shared s;
Producer(Shared s)
{
this.s = s;

}

@0verride
public void run()
{
for (char ch = "A"; ch <= '7"; ch++)
{
synchronized(s)
{
s.setSharedChar(ch);
System.out.println(ch +

" produced by producer.");

class Consumer extends Thread

{

private Shared s;

Consumer(Shared s)

{
this.s = s;
}
@verride
public void run()
{
char ch;
do
{
synchronized(s)
{
ch = s.getSharedChar();
System.out.println(ch + "
}
}
while (ch = 'Z");
}

A produced
A consumed
B produced
B consumed
C produced

by producer.
by consumer.
by producer.
by consumer.
by producer.

C consumed
D produced
D consumed

by consumer.
by producer.
by consumer.

consumed by consumer.");




ObepexHo

» Hikonu He BUK/IMKalTe wait() 330BHi IIUKITY.

= YmoBa nukiny (writeable abo writeable y monepesrboMy mpuKiIazi) mepeBipsieThCs A0 Ta MiC/IsE BUKIUKY wait().

» TecTyBaHHS YMOBH [10 BUK/IMKY Wait() 3abe3meuye mcugyuicms (liveness).

» k6u TecT He OYy/IO MpeCTaBIeHO, yMOBA BUKOHYBAIACh, a Notify() BUK/IMKABCS 0 BUKIMKY Wait(), O4iKyO4YHii
MOTIK MIT HIKO/IX HEe IPOKUHYTHUCK.

» [lepeTecTyBaHHS YMOBH ITiCJisi BUKJIUKY Wait() 3abe3meuye 6e3nexy.

» Sx6u mepeTecTyBaHHS He Bij0yBas0Ch, 2 YMOBa HE BUKOHYBAJIACh ITiCJISI TOTO, SIK MTOTIK IIPOKUHYBCS BiJ, BUKJIUKY
wait() (MOXX/TMBO, iHIIIMI TOTIK HEHAPOKOM BUKJIMKaB notify(), Kosu yMOBa He BUKOHYBasach), MOTIK
POZIOBXKYBaB OM 3HUIIYBAaTH iHBAPiaHTH, 3aXUIIEHi 3aMKOM.



Deadlock

* Hagro 6arato cCMHXpOHi3alliii MO)Ke OyTH TpOOIeMaTUIHHM.

» K110 OyTH HeoOepeXXHUM, MOYXHA MOTPATUTH B CUTYaILil0, KOJIU 3aMKU OTPHUMYIOThCS
OaraTbMa MOTOKAMU:
» )XomeH nMOTiK He Ma€ BJIaCHOTO 3aMKa, IIPOTEe TPUMAE 3aMOK, MOTPiOHUI iHIIOMY ITOTOKY.

» )XomeH MOTiK He MOXKe BBilTH, a MOTIM BUWUTH 3i CBOET KPUTHUYHOI CEKIIil, 00 BiTYUHUTH 3aMOK, OCKi/TbKH
IHIIMH MOTIK TPUMA€E 3aMOK BiJi KDUTUYHOI CeKI|l.




public class DeadlockDemo public static woid main(String[] args)

{
{ private Object lockl = new Object(); final DeadlockDemo dld = new DeadlockDemo();
private Object lock2 ! Runnable r1i = new Runnable()

new Object();

@Override
public void instanceMethodi() public woid run()
{ {
synchronized(lock1) ?hile(true)
synchronized(lock2) :i:‘i"Sta"CEHEthOdiiji
System.out.println("first thread in instanceMethod1"); { Thread.sleep(50);
// critical section guarded first by }
// lockl and then by lockz catch (InterruptedException ie)
} ;
}
} }
}
public void instanceMethod2() Thread thdA = new Thread(r1);
{ . Runnable r2 = new Runnable()
synchronized(lock2) {
'[ @Override
synchronized(lock1) public woid run()
System.out.println("second thread in instanceMethod2"); while(true)
/f critical section guarded first by dld.instanceMethodz();
// lock2 and then by locki Ery
} } Thread 1 Thread 2 Thread.sleep(50);
}
} catch (InterruptedException ie)
is holding wants is holding ;
}
}
|H
Thread thdB = new Thread(r2);
thda.start();

thdB.start();
}



[ToACHEHHA OO0 NICTUHrY

* Po3rsiHEeMO TaKy NOC/I1ZOBHICTh BUKOHAHHS:

1.

[Torik A Buknukae instanceMethodi(), orpumye 3amox lock (referenced object) Ta 3axoguTs y cBot outer critical
section (1re He orpuMmaBiy 3aMOK lock2-referenced object).

[Norik B Bukukae instanceMethod2(), orpumye 3amok lockz (referenced object), Ta BxoguTs y cBotO outer critical
section (1ie He orpumaBin 3aMoK locki-referenced object).

[ToTik A HamMaraeTbcst OTPUMATH 3aMOK, associated with lockz. BipryanpHa manmmHa 3My1rye moTiK 4eKaTy 330BHi
BHYTPILIHBOI KDUTUYHOI CEKI1Iil, OCKIJIBKU MOTiK B TpruMae 3aMoK.

[Torik B HamaraeTbcst orpumaTu 3aMoK, associated with locki. BipryasnpHa MammHa 3mytnye moTik o4ikyBaTu
330BHI BHYTPIIIHBOI KPUTUYHOI CEKIIil, OCKIJIBKM IOTIiK A TPUMA€ 3aMOK.

YKozmeH nmoTik He MO)Ke MPAIIOBATH, OCKIJIbKY IHIIWH MOTIK TPUMAE MOTPiOHMHI 3aMOK. OTPUMYETHCS CUTYALList
deadlock, a mporpama (rprHaiiMHi, B KOHTEKCTI [[UX 2 TIOTOKiB) 3aBUCAE.

Thread 1 Holds R1, need R2

T —

Holds R3,
need R1

Threaﬁ

s Thread 2

'i'i_ s Holds R2, need R3



Yacro gen1ok BaXKKO izeHTHPIKyBaTh

* Hampukiag, Koj MOXXe MICTUTH KPYTroBe BITHOLIEeHHS cepeJi PI3HUX KJIACIB:
* CHHXPOHI30BaHUI MeTOoJ, KJacy A BUK/IMKA€ CUHXPOHI30BaHUU MeTog, Kiacy B.
= CHHXpOHI30BaHUI MeTOoJ Kjacy B BUK/IMKae CHHXPOHI30BaHUM MeToz, Kiacy C.

* CuHxpoHizoBaHUI MeToz Kiacy C BUKIMKAE CUHXPOHI30BaHUN MeTog, Kiacy A.

* Hexait mOTiK A BUKJIMKA€ CHHXPOHI30BAaHUU MeTOJ, K1acy A, a OTIK B BUKJIMKae
CUHXPOHI30BaHUU MeToz knacy C.

» [lorik B 3a6/10KyeThCs Mpu cipo6i BUKIMKY CHHXPOHI30BAaHOTO MeTOY K/Iacy A, a MOTiK A foci BcepeiyHi LIbOTO
METOZY.

» [loTik A MpoAOBXUTH POOOTY, TOKM He BUKJIMYE CHHXPOHi30BaHM# MeTox kacy C, a gami 6/10KyBaTUMEThCS.

= Y pe3ynbTari — AeJ/I0K.



3ayBaxTe!

» Hi moBa Java, Hi BipTya/ibHa MalllMHa He 3a0e31e4y0Th crtocoOm 3amobiranHsa deadlock,
TOMY 1Ie JIE)KUTh Ha PO3POOHHUKY.

» HaiinmpocTimmii crocié — YHUKaTH BUKJIMKY CHHXPOHI30BaHOTO MeTozy/ 010Ky 3 iHIIOTO
CHHXPOHI30BaHOTO MeToAy/6I0KY.

= Xou 1e O6yze 3ano6iratu nosii deadlock, maHuii miaxia HeMpaKTUYHUI, OCKiIbKY Balll CHHXpOHi30BaHMIA
MeToz,/ 610K MOXKe TOTpeOyBaTH CUHXPOHI30BaHOTO MeToxy 3 Java API.



JlokanbHi 1as moToKy 3miuHi (Thread-Local Variables)

* |HKO/IM BUHMKAE MoTpeba MpUB si3aTu AaHi (Hanpukiiaz, user ID) mo moToky.
» [le 3aBgaHHS MOXXHA BUKOHATH 32 JOIIOMOTOI0 JIOKA/IbHOI 3MiHHOI, ajie JIMIIe NPHU 11 ICHYBaHHI.

* MoykHa BUKOPHCTATH I0JIe eK3eMIUISIPY, 1100 MOoAOBIle TPUMATH 11i AaHi, mpoTe Oyze MoTpiOHa CUHXPOHI3allisl.

» Java mocTavae kinac ThreadLocal B sikocTi 3pyyHO1 anbTepHaTHBH.

= Koxen exsemrusp kiacy ThreadLocal ormcye siokanvhy das nomoky 3miHHY, 10 3a0e3medye OKpeMy KOMipKY
(storage slot) mnst 36epiraHHs 3HA4eHb AJIsI KOXKHOTO MTOTOKY, SIKUI OTPUMYE TOCTYII O 3MiHHOI.

» JlokanpHY JJIs1 IOTOKY 3MiHHY MOYXHA po3misifiaTd sik multislot variable, B sikiit ko)keH MoTiK MO)Ke 30epiraTu pisHe
3HaYeHHSs OAHI€I 3MIHHOL.

» Ko)XeH MmOTiK 6a4MTh jTMIlIe BJIaCHE 3HAYEeHHSI i He 3HA€ PO HAsIBHICTh iHIIMX ITOTOKIB Ta X 3MiHHUX.



Kinac ThreadLocal (ysaraapaHenwnii Tun ThreadLocal<T>)

* KOHCTPYKTOPHM Ta METOAMU:

ThreadLocal() - cTBOpioe HOBY 3MiHHY, TOKQ/IbHY JJIsI TIOTOKY.

T get() moBepTae 3HaueHHs 3i storage slot /151 BUKJIMKA04YOTo MOTOKY. SIKIIIO Takoro HeMae, get() BUK/IMKAE
initialValue().

T initialValue() crBoproe KomipKy 36epiraHHs /i1 BUKJTUKAIOYOro MOTOKY Ta 30epirae movyarkoBe (default = null)
3Ha4YeHHS B 1Kl KoMipui. Heo6xizHo cybkmacyBatu ThreadLocal ta mepeosnauntu protected-mertog, 106 3agaBaTu
Oi/IbLII KOPUICHE TIOYATKOBE 3HAYeHHS.

void remove() Bugasisie KOMipKy 36epiraHHsi BUK/JIMKAIO4YOT0 MOTOKY. Ko 11e MmeToz crigye mics get() 6e3
BTpy4aHHs set(), get() Buximkae initialValue().

void set(T value) 3amae 3Ha4YeHHSI 1/IsT KOMIPKY 30€piraHHsI BAKJIMKAI04YOTO ITOTOKY.



Pi3Hi User ID pas pi3HUX HOTOKIB

public class ThreadlocalDemo

{
private static volatile Threadlocal<String> userID = = - C C
new ThreadLocalStrings()s [Mic/ist iHCTaHIIFOBaHHS ThreadLocal Ta MPUCBOCHHS
* U nocuaHHs volatile mosro kmacy userID, romoBHmMA
public static void main(String[] args) .
{ ITOTIK 3d 3aMOBYYBAHHSM CTBOPIOE€ 1€ IBA IIOTOKMH,
Runnable r = e Runnable() SKi MiCTSTh pi3Hi String-06’exTu B userlD, Ta
@override BUBOJUTH 1X 00 €KTH.
E”hhc void run() * mose volatile, 0CKibKM JOCTYII 10 HHOTO BiZOYBa€THCS 3
String name = Thread.currentThread().getName(); p13HUX IIOTOKIB
if (name.equals("A"))
userID.set("foxtrot"); ] MO)KJII/IBI/Iﬁ BI/IBi,H':
else
userID.set("charlie"); }\>fi))(tr()t
System.out.println(name + " " + userID.get()); B charlie
}
b

Thread thdA = new Thread(r);
thdA. setName("A");

Thread thdB = new Thread(r);
thdB. setName("B");
thdA.start();

thdB.start();



Kinac InheritableThreadlLocal

» 3HayeHHSs JIOKAJIbHUX JJIsI TIOTOKY 3MiHHHX He TTOB s13aHi MiXX c00010.

= Koy cTBOPIOETHCSI HOBUH TOTIK, BiH OTPUMY€E HOBY KOMipKY (storage slot), sika MicTuTh 3HaueHHs initial Value().

* MoxiuBo, Bu Bifjiacte repeBary nepeadi 3Ha4eHHs Bij 6aThKiBCKOTO MOTOKY (parent thread)
10 CTBOPEHOI'0 HUM JO4ipHbOro MoTOKY (child thread).

» 3pob6uTH 1ie MOXkHA 3a gomomoroio InheritableThreadLocal (migxmacy ThreadLocal).

» SIk i koHcTpykTOp InheritableThreadLocal(), et kmac oronomrye protected metog T
childValue(T parentValue), sikuit 064mrC/II0€ TOYATKOBE 3HAYEHHS [IJIS1 JOYiPHBOTO ITOTOKY SIK
$YHKIIIIO BiJl 3HAaYeHHs /11 6aTbKiBCHKOT'O ITOTOKY ITiJl YaC CTBOPEHHSI JOYiPHBOTO TTOTOKY.

» BurknkaeTscs 3 6aTbKiBCHKOTO IMOTOKY [0 3aITyCKY JOYiPHBOTO MTOTOKY.

= [loBepTae aprymeHT, 1o nepegaHo B parentValue, i Mae OyTu mepeo3HavyeHUM, SIKIIO XO4YeTe OTPUMYBATH iHIIIE
YUCIIO.



public class InheritableThreadlLocalDemo

{
private static volatile InheritableThreadlocal<Integer> intVal =
new InheritableThreadLocal<Integer>();
public static void main(String[] args)
{
Runnable rP = new Runnable()
{ : . . :
@0verride » [Ticaa iHcTaHuiroBanHsa InheritableThreadLocal
bli id . e
e run() rO/IOBHHUM MOTIK 32 3aMOBYYBaHHSIM CTBOPIOE
intval.set(new Integer(10)); OaTbKiBChKMI (parent) MoTik, IKUit 30epirae
Runnable xC = new Runnable() 06’exT Integer i3 3HaueHHsM 10 B intVal.
{
@0verride - . o . . ' o .
ablic void Tun() BaTPKlBCbKUI/II/I MOTIK CTBOPIOE J0YipHIif (child)
{ IMOTIK, AKX OTpUMY€E JOCTYII 40 intVal Ta
Thread thd; - PN
thd = Thread.currentThread(); BUOKPpEMJIIOE NOT'O Integer 00’€KT.
String name = thd.getName();
System.out.println(name + " " +
intVal.get());
}
b
Thread thdChild = new Thread(x(C);
thdChild. setName("Child");
thdChild.start();
b I BuBig goparky: Child 10
new Thread(rP).start();
}

}



OAKYHO 3A YBATY!

Ansa rmubworo po3ymiHHa ThreadLocal po3rngaHeTe noct 3 6nory Patson Luk “



http://java.dzone.com/articles/painless-introduction-javas-threadlocal-storage

