[lecsATas nekuus



a30Bble CBOUCTBA MHOINonoTo4yHOCTHU

MNMpouecc -9T0 0O6LEKT, KOTOPLIWM CO34aETCS OnepauMoOHHON CUCTEMOW, Koraa
nosib3oBaTtesib 3anyckaeT npunoxeHue. lNpoueccy BoulOeNseTcs oTaesibHoe
agpecHoe NPOCTPAaHCTBO, NPMUYEM 3TO NPOCTPAHCTBO PU3NYECKN HELOCTYMNHO AN
apyrux npoueccos. [Npouecc moxeT paboTtaTtb ¢ harnnamm nnm ¢ KaHanamm CBA3n
nokasnbHon unu rnobanbHoun cetn. Korga Bbl 3anyckaeTe TEKCTOBLIM NPOLIECCOp UK
nporpaMmmy KarnbKynaTopa, Bbl CO34aeTe HOBbIM NpoLecc.

[MoTok - 3T0 nocnegoBaTenibHOCTbL KOMaHA, NCMOSTHAEMBbIX NMPOLLEeCCOPOM.
KaxkgbIn npouecc MOXeT UMETb OAMH U Bosiee NoTOKOB.
MexaHn3m yrnpaBrneHnsa noTtokamm BCTPOEH B A3bIK Java.

[MpenmyLiecTtBa MHOrOMOTOYHOCTM 3aKITHO4YaOTCS B NOBbLILLEHUN
NPOn3BOAUTENBHOCTN PaboTbl NPUOXEHUIA BO3MOXHOCTU NMPOrpaMMnUpoBaTh
ANUTENbHbIE OnepaLmn B OTAENbHbLIX MOTOKaX, He pa3buBas nx Ha KOPOTKNe
OTPE3KM.

[Moka oguH NOTOK 3aHMMaeTcs 06paboTKoW JaHHbIX, BTOPO MPECMNOKOMHO
OTPMCOBbIBaET rpaduky. B pesynbrate Mbl BUOMM Ha 9KpaHe NNaBHY0 aHMMauuio U
MOXEM B3aMMOAENCTBOBaTb C anNeMeHTaMn UHTepdelnca, He onacasiCb, YTo BCE
3aBUCHET.

Takke MHOrornoToOMHOCTb NO3BOMSET YNyyqwinTb CKOPOCTb o6pa60T|<|/| OaHHbIX:
NMOKa OAWNH MOTOK I'IO,EI,FOTaBJ'II/IBaeT |El,aHHbIe HanpumMmep, BblIkKavynBad X U3 NHTEPHETA
MEINKNMHU I'IOpLI,MFIMI/I BTOpOI/I Z TpeTVII/I NOTOKN MOTYT NX O6pa6aTbIBaTb a
L-IGTBG}’DTI::II/I 3alnncblBaTtb pe3ysibrat Ha AUNCK.

Ecnu e y Hac MHorosiiepHbI NPOLIECCOP, TO NMOTOKM MO3BONMAT CYLLECTBEHHO
YRyYLLIUTb NPOM3BOAUTENBHOCTbL, NEPENOXMB paboTy Ha Apyrue saapa.



Linkn, KoTopbin 3arpy3uT npoLeccop

public class Thead1 {
long i = 0;

public void run(){
System.out.printin("3anyckaem cuetunk.");

while(true){

I++;
if(i == 9223372036854775807L)
break:
}
System.out.printin("Pe3ynerat pabotbl cyetymka: " + i);
}

B Takom npumepe npunoxeHue “noaBuUCHET” , ANa HopMarnbHOM paboThl
nporpamMmbl LIeNecoobpasHoO BbIMOSTHATL BbIYUCNEHUSI B OTAESNIbHOM MNOTOKE.



B
Co3AaHMEe NOTOoKA

[na co3gaHna noTtoka B Java cnyxut knacc Thread

CyulecTByeT 2 BapnaHTa co3gaHus notoka:
nyTem HacnenosaHua knacca Thread

nyTem peanusauum nHtepdenca Runnable



B
&osnaﬂue noTtoka — HacnegHuka Thread

[MpocTenwimm cnocobom co3gaHus NOTOKa ABMSIETCA co3daHne
Krnacca, nponssoaHoro ot Thread, c nepeonpeneneHHbIM B HEM
MeToa0oM run()

[anee cnenyet co3gatb 0OLEKT CO34aHHOrO Kracca U Bbi3BaTb €ro
meTtopn start()
MeTtop start() BbINOSIHAET CUCTEMHbIE OEUCTBUSA MO CO34aHUI0
NOTOKa, NOoCsie Yero Bbi3blBaAET NnepeonpeneneHHbI HaMu MeTos
run()

C 3TOro MOMeHTa Ha4yHeT CBOe CyLLeCTBOBaHME HOBbIN NOTOK. OH
OyaeT BbINONHATLCS NapannensbHO ¢ APYrMMn NOoTOKaMu, KOHKYPUPYS
C HAMK 3a BpeMSs npoLieccopa.

Korga nponsonger Bbixod U3 Metoda run(), NOTOK 3aBepLUnT
CBOIO padoTy.



[Mpumep co3pgaHus NOTOKa

Kaxxable noncekyHabl MOTOK BbIBOAUT COOOLLIEHNE Ha 3KPaH:

public class NewThread extends Thread {
public void run() {
try {
for (inti=95;i1>0;i--){
System.out.printin("Jo4epHuin noTok: " + i);
Thread.sleep(500);
}
} catch (InterruptedException ex) {
I/ ickntovyeHmne MoXeT BblbpocuTb MeTos sleep()
System.out.printin("do4yepHnn noTok npepsaH.");
}
System.out.printin("Jo4yepHnn NoTok 3aBepLleH.");
}
}

A3 rmaBHOro NnoToka cosgagmm 4OYEepPHUN NOTOK:
(new NewThread()).start();



B
Co3pnaHue noToka nytem

peanu3auuu uHtepdenca Runnable

OTOT cnocob NpUMEHSIETCA, KOrda HacnegoBaHue knacca ot Thread
HEBO3MOXXHO (HanpuMep, Knacc yxe HacrnegyeTcda oT ApYyroro Kracca)

LLiarn, KOTOpPbIE€ HY>XHO BbIMNOJTIHATD.

Cospatb knacc MyTread, peanuaytowmnmn nHtepdenc Runnable, u
peanu3oBaTb B HeM MeToz run()

CospaTtb IK3EMIJIAP 3TONO Kriacca

Cospatb 00bekT Thread, nepenasB B KOHCTPYKTOP 9K3eMMAp Kracca
MyThread.

BeizBatb metop start() o6vekta Thread



B
Mpumep CcO3AAHMA NOTOKA

public class MyThread implements Runnable {
public void run() {
/| Teno meToaa Takoe xe,
// Kak B npeablayLiemMm npumepe

}
}

A3 rmaBHOro notoka co3gagum 4oYepHU NoTok:
MyTread m = new MyThread();
Thread t = new Thread(m);
t.start();



B
AucneTyepusauma NOTOKOB

[NapannenbHag paboTta NOTOKOB Ha OAHOM MnpoLleccope obecneynBaeTcs
ornepaLyuoHHON CUCTEMOW

[nga Toro, 4tobbl 0becnevnTb NpPaBUrbHYIO Nepenady yrnpasneHus mexay
notokamu Ha nbon OC, NOTOK JOMKeH nepnogmyeckn otgasarb
ynpasrieHMe onepaumoHHON CUCTEME.

[na atux yenen B knacce Thread cnyat 2 metoaa

sleep(long millis) — npuoctaHaBnmMBaeT paboTy NOToKa Ha 3agaHHOEe
KONTMYEeCTBO MUITNTIMCEKYHL

yield() — He npuocTaHaBnMBaeT paboTy NOTOKa, a NPOCTO Aa€eT
BO3MOXHOCTb OC BbINOSHUTL, NpU HEOOXOOMMOCTU, NepekKrioyeHne
Ha Opyrom NOTOK Unu npouecc

B ntobom meToge run Hy>XHO ncnonb3oBaTb NMbo sleep , nnbo yield. B
MPOTUBHOM Cryyae MOXHO NOosydnTb 3PdEKT MOHOMONBLHOIO 3axeara
PEeCYPCOB MaLLUWHbI OAHON HUTLIO



B
MpuopUuTETbl NOTOKOB

[MpropnTETLI MOTOKOB ONPEAEnAT NOPAa0K Nepeaayun ynpaBneHus Mexay
HUMMU

[MpaBuna nepenayn ynpaBneHus cnegyoLime:

€CJ1N NMOTOK JJ,O6pOBOJ'IbHO OTKa3alriCcqa OT yrpaBrieHns, OHO nepexoanTt K
MOTOKY C CaMbIM BbICOKUM TMPUOPUTETOM

eCIv NOTOK NPUOCTaHOBMNEH MOTOKOM C 6ornee BbICOKMM NPUOPUTETOM, TO
yrpaBneHne nepegaercsa emy

eCnun NPUoOPUTETLI NOTOKOB paBHbIE, TO NOBEAEHMNE 3aBUCUT OT
ornepaunoHHON CUCTEMDI

IlcxogHoe 3Ha4YeHne npuopuTeTa NoToka coBnagaeT ¢ NPUoOpPUTETOM MOTOKAa-
poauTens.

[TproputeT MOXET BbITb N3MEHEH Bbl30BOM MeToaa setPriority() ¢ aprymeHToMm
n3 nutepsana MIN_PRIORITY- MAX PRIORITY

KOHCTaHTbI onpeaereHsbl B knacce Thread (B HacTosiLee BpemMa aTu
3HayeHusa paBHbl cooTBeTCcTBEHHO 1 1 10.)

thead2.setPriority(Thread.MAX_ PRIORITY);
[To ymonyanuto npmoputet notoka paseH NORM_PRIORITY

Bl MOXETE NOoNy4YnTb TEKYLLEE 3HaYEHNE NpUopUTETA NOTOKA, Bbi3BaB METO/
getPriority ()



B
IleMOHCTpauusa NnpMopuTeToB NOTOKOB.

class Clicker implements Runnable {
long click = 0;
Thread t;
private volatile boolean running = true;
public Clicker(int p) {
t = new Thread(this);
t.setPriority(p);

}
public void run() {

while (running) {
click++;
}
}
public void stop() {
running = false;
}

public void start () {
t. start () ;

}



class Main {
public static void main(String args[]) {
Thread.currentThread().setPriority(Thread.MAX_PRIORITY);
Clicker hi = new Clicker(Thread.NORM_PRIORITY + 2);
Clicker lo = new Clicker(Thread.NORM_PRIORITY - 2) ;
lo.start () ;
hi.start () ;
try {
Thread.sleep(10000);
}catch (InterruptedException e) {
System.out.printin("maBHbIN NOTOK NpepBaH.");

} lo.stop() ;
hi.stop();
try {
hi.t.join ();
lo.t.join();

}catch (InterruptedException e) {
System.out.printin("lNepexsayeHo ncknroyeHue InterruptedException”);
}

System.out.printin("HnskonpmopuTeTHbIM NOTOK: " + lo.click);
System.out.printin("BbicokonprnoputeTHbIn NoToK: " + hi.click);



TeKyLwmnn noToK

Korga 3anyckaetcs nioboe npunoxXeHne, To HAYMHAET BbINOMHATLCS
NOTOK, Ha3blBaeMbli rMaBHbIM MOTOKOM (main). OT Hero nopoXxagarTcH
Oo4epHue NoToku. [NaBHbIN NOTOK, Kak NpaBuno, SBAAeTcsa nocregHnm
NOTOKOM, 3aBepLUaoLW MM BbIMOMMHEHME MPOorpaMmmel.

HecmoTps Ha TO, YTO rMnaBHbIN MOTOK CO34aETCA aBTOMATUYECKU, UM
MOXXHO YNpaBnaTb Yepes3 o00beKT knacca Thread.

CcbIfiky Ha 00bekT Thread TekyLlero noToka MOXXHO MOfyYnTb C
MOMOLLIbIO CTaTUYeCKOro MetToga

Thread.currentThread()

public static void main(String[] args) {
// PacnevaTblBaeT UMS TEKYLLEro rnoToka
System.out.printin(Thread.currentThread().getName());

Bce cTtatnyeckme metoabl Knacca Thread OTHOCATCA MMEHHO K TEKyLLEMY
NOTOKY

Hanpumep, Thread.sleep(1000);



B
MMeHa NOoTOKOB

[TOTOKY MOXXHO MPUCBOUTb UMS
nnbo ¢ NoMoLLbI0 apryMmeHTa KOHCTpykTopa Thread(String name),
nndo metogom setName(String).

Tekyllee 3Ha4YeHne MMEHU NOTOKa MOXHO nony4ynTb metogom getName()

Ma noToka He ncnonb3yeTcs UCNOMHAKLWEN CUCTEMON U CITYXUT AN
yaobcTBa nporpamMmmcTta

[oTok 06a3aH MmeTb ums. Ecnu oHo He 3agaHo NPOrpaMMUCTOM,
aBTOMaTUYECKM Bbl3blBAEMbI KOHCTPYKTOP NOTOKa 6€3 aprymeHToB
YCTaHOBUT €ro cam

[1o ymMonyaHuio rnaBHbIN NOTOK MMEET MMS main, ocTalnbHble —
Thread-1, 2 n 1.A.



B
NMOTOKMN-AEMOHDI

[ToTOK-OEMOH, Kak NpaBuno, NpeaocTaBnsaeT HEKOTopble obLme ycnyrn u
paboTaeT B GOHOBOM pexunme, noka paboTtaeT nporpamma

He3aBepLIJeHHbIe NOTOKN-OEMOHbI Pa3pyLlaloTCA aBTOMaTN4YE€CK, KOrada
3aKkaH4YMBaeTCHA nocregHUn U3 nornb3oBaTeNbCKUX NOTOKOB

[Ona obecrneyeHuns "0eMoHNYHOCTN" MOTOKOB CryXXaT ABa MeToda Kracca
Thread:
boolean isDaemon() — npoBepka, ABNAETCS N1 OEMOHOM
setDaemon(boolean on) - yctaHaBnnBaeT/CHUMAET MPU3HaK
AemMoHanpeBpaTuUTb MNOTOK B AEMOH CrneayLwwmnm
BbidoBoM:setDaemon(true); //gaHHyto onepauuto Heobxoanmo genaTtb
00 3arnycka noTtoka



B
Mpo6Gnema MHOXeCTBEHHOro AocTyna

Korga HeckonbKo NOTOKOB pasdesnisaioT OaMH pecypc, ObiBaeT
HeEOOXO0AMMO CUHXPOHU3NPOBATb UX PaboTy Tak, YTOObI TONLKO OAUH
NOTOK MMES AOCTYN K PECYPCY B KaXXAbIl MOMEHT BPEMEHMU

LocTyn Kk pecypcy perynupyeTtcsi npu nomoLLn MOHUTOpa

MoHUTOp — 3TO OOBLEKT, KOTOPbLIN NCMOSb3YEeTCA NS
B3aMMoucKnoyarowen 6rokmposkm notokoB (mutually exclusive lock)

Koraa ognH NoTok Ha4YMHaET BbINOMHATL N1I000MN N3 MeToaoB ObbEKTa-
MOHUTOPA (TOBOPSAT, YTO MOTOK BXOAUT B MOHUTOP), OCTalbHbIE,
nooonast K MOHUTOPY, OCTaHaBMMBAIOTCA U XKAYT, MOKa MOHUTOP HEe
ocBoboauTcs

B Java MOHUTOPOM MOXET CIY>XUTb NOO0N OOBLEKT.
OTa cnocobHOCTb NepenaeTcs No HacreacTey OT kracca Object.



B
CpeacTBa CUHXPOHM3aLUM NOTOKOB B Java

MeToga. Ipu BbI3oBE Takoro Metoaa briokMpyeTca oObLEKT, ANsl KOTOPOro
Bbl3BaH JaHHbIN METOL

public void synchronized f() {

:

Y4acTokK Kkoaa.
synchronized(ref) { // ref — ccbinka Ha BnoknpyemMeln 0ObEKT

Korga oanH U3 NOTOKOB BXOAUT B KPUTUYECKUIM y4acToK (synchronized
MeTo nnn 6nok), cBA3aHHbIN C BITOKMPOBKOW KaKOro-To 00bekTa, TO
OCTasibHbIE MOTOKM HE MOTYT BONTWN BO BCE KPUTUYECKUE YHACTKMN,
CBsI3aHHbIE C BITOKMPOBKOWU TOrO XK€ 0OBbEKTA, NoKa 3axBaTUBLLUNKA OOBEKT
NOTOK HE BbINAET N3 KPUTUYECKOIO y4HacTKa



;pumep CUHXPOHM3aLUUN Y4aCTKOB Koaa

public class MyObject{
// B AQHHOM KAQCCE OOBABAEHbI 2 CUHXPOHM3MPOBAHHBLIX MeTOAQA f() 1 g()
private String name;
public MyObject(String name){ this.name = name; }

public synchronized void f(){
System.out.prinfin("f() started for object" + name);
try{
Thread.sleep(1000);
}catch(InterruptedException e){
throw new RuntimeException(e);

System.out.printin("f() finished for object" + name);

}

public synchronized void g(){
System.out.printin("g() started for object" + name);
try{

Thread.sleep(1000);
}catch(InterruptedException e)

throw new RuntimeException(e);
}

System.out.printin("g() finished for object" + name);

}
}



;pumep CUHXPOHM3aLUUN Y4aCTKOB Koaa

/I MoTokK, B KOTOpPOM Bbi3biBaeTcA Mmetop f()
public class Thread1 extends Thread{
private MyObject myQObj;
public Thread1(MyObject myObj){
this.myObj = myObj;
}
public void run(){
myODbj.f();
}

}

I/l MoToK, B KOTOPOM Bbi3biBaeTcs metoa g()
public class Thread2 extends Thread{
private MyObject myObj;
public Thread2(MyObject myObj){
this.myObj = myOb;j;
}
public void run(){

myQDbj.g();
}
}

/| ObpaTtnuTe BHMMaHue, YTo 06bekT MyObject nepenaetcst 4aHHBIM NOTOKaM B Ka4ecTBe
napameTpa



;pumep CUHXPOHM3aLUUN Y4aCTKOB Koaa

B naHHOM noToke o6bsBrIEHa KpUTUYECKas Cekuma, cBA3aHHast C 0ObLEKTOM
MyQObiject

public class Thread3 extends Thread{
private MyObject myQObj;
public Thread3(MyObject myObj){ this.myObj = myObj; }
public void run(){
synchronized(myODbj){
System.out.printin("synchonized section started for object" +
myObj.name);
try{
Thread.sleep(1000);
}catch(InterruptedException e){
throw new RuntimeException(e);

}

System.out.printin("synchonized section finished for object" +
myObj.name);



;pumep CUHXPOHM3aLUUN Y4aCTKOB Koaa

public static void main(String[] args) {
MyQObject myObj = new MyObject("MyObject1");
// Bbi3oB noTokoB ¢ cuHxpoHmnsaumen no MyObject1
Thread1 t1 = new Thread1(myQObj);
t1.start();
Thread2 t2 = new Thread2(myQObj);
t2.start();
Thread3 t3 = new Thread3(myObj);
t3.start();

// BbI30oB noToka ¢ cuHxpoHmnsaumen no MyQObject2
MyObject myObj1 = new MyObject("MyObject2");
Thread1 t4 = new Thread1(myQObj1);

t4.start();



B
Mpumep CUMHXPOHM3ALUU YHACTKOB Koaa

PesynbTaThl 3anycka nporpamMmmbl

f() started for object MyObject1

f() started for object MyObject2

f() finished for object MyObject1

g() started for object MyObject1

f() finished for object MyObject2

g() finished for object MyObiject1

synchonized section started for object MyObject1
synchonized section finished for object MyObject1

Kak BuoHO, BCe CMHXPOHMU3NPOBAHHbIE Y4aCTKM Koga No OObekTy
MyQObject1, BbinonHeHbI NocrnegoBaTernbHO.

YyacTok, cuHXpoHu3nposaHHbIn o MyObject2 — napannensHo ¢
OCTanbHbIMWN y4acTKaMu



B
CLHXPOHM3CI UMNA CTATUHECKUX YHACTKOB

B kayecTBe CMHXPOHU3NPYIOLLIErO 06bEKTa MOXET BbICTYNaTb cam Knacc.

B aToMm crny4yae nocneaoBaTernbHO BbIMOMHAKTCA BCe Y4aCTKM KoAa, CUHXPOHU3UPOBAaHHbIE MO 3TOMY
Knaccy

public class MyClass{
public synchronized static void f(){
System.out.printin("f() started");
try{
Thread.sleep(1000);
}catch(InterruptedException e){
throw new RuntimeException(e);
}
System.out.printin("f() finished");
}
}

class ThreadS extends Thread{
public void run(){
MyClass.f();

}

}
public class ThreadS2 extends Thread {

public void run(){
synchronized(MyClass.class){
System.out.printin("We are in synchronized section");



B
MpumMep CUHXPOHN3ALUUN CTAaTUYECKNX YYACTKOB

public static void main(String[] args) {

ThreadS ts = new ThreadS();
ThreadS2 ts2 = new ThreadS2();

ts.start();
ts2.start();

}

Pe3ynbraT paboThl:
f() started
f() finished

We are in synchronized section

Kak BugHo, y4yacTok, cuHXpoHusnpoBaHHbin no MyClass.class oxupaer,
noKa He BbINosiHnTCA metos, f()



MeTtoabl wait(), notify(), notifyAll()

OTn MeToabl NPUMEHSOTCS Ansa obecnevyeHns
B3aMMOJENCTBUA MEXAY NOTOKaMu npu padboTte ¢ 00 bEKTOM

OHu onpegeneHsl B Knacce Object, a 3Ha4uT, MoryT ObITb
Bbl3BaHbl A1 BCEX OOBEKTOB

wait() — bnokmnpyet BbINOMHEHWE MOTOKA, N3 KOTOPOro OH

Bbl3BaH, 1 OOHOBPEMEHHO Pa3bnokMpyeT o0bLEKT, Ans
KOTOPOro OH BbI3BaH

notify() - npobyxgaeTt ogMH 13 NOTOKOB, KOTOPbIE
Bbl3Basin wait() Ha ToOM ke caMOM MOHMUTOpPE

notifyAll() — npobOyxnaeTt Bce noToku. lNepBbiMm OyaeT
BbIMOJTHATLCS NOTOK C CaMbIM BbICOKUM MPUOPUTETOM

AT MeToabl crnenyert Bbl3biBaTb TOJIbKO KOraa 0ObeKT
CIyXUT MOHUTOPOM, T.€. U3 CUHXPOHNU3INPOBAHHOIO KOAA



[MpumeHeHue wait () un notifyAll()

TUNUYHBIM KOO ONA NepeBoda NOoToKa B PEXUM OXUOaHUSA:

synchronized void do() {
while (ycrnosue oxungaHus)
wait();
// CoenaTb HeYTO, KOrga ycnoBue oXugaHusa CHUMETCH

}

Onepatop while Hernb3a 3aMeHATb onepaTopoMm if, NOCKONLKY NOTOK MOXET
npocbinaTbCs OT YBeOOMIEHUN, HE CBA3AHHbIX C YCIOBUEM E€ro OXnaaHus.

TUNUYHbIKM KOO ON15 BbiBOAA MOTOKOB U3 peXnmMma OXXUOaHUs:

synchronized void changeCondition() {
/| NameHnTb ycrioBue oxuaaHus
notifyAll(); // TlocnaTeb yBegomneHne BCEM OXMOAKOLLMM NMOTOKaM

}



B
ésaumo.qeﬁcmwe NOTOKOB Ha Npumepe

3apayva. Ectb nponsBoguTernbs U NoTpedutens AaHHbIX - LEernbIX YNcer.
meeTca cknaa AaHHbIX, CNOCOOHbIM XpaHUTb OQHO YMUCNO, NPUHMMATb U
BblJdaBaTb YMCIO CO cknaga. Heobxoammo Tak ograHmoaaTb paboTy

CUCTEMBI, YTOObI CKInad He nepenoriHAamncAa n 4Toobl FIOTpe6I/ITeJ'Ib HE
nosiyyasi 0aHO U TO >Ke YNCI10 ABaKbl

[TporpamMmma coCTOUT U3 3-X KNacCcoB:
1) Producer - noTok-nponsBoanTenb AaHHbIX;

2) Consumer - NOTOK-NOTpebuTenb AaHHbIX;
3) Store - cknan

class Producer implements Runnable {
Store store; // Ccbinika Ha oObeKkT-cknag

Producer(Store store) { // KOHCTpyKTOp 3anycKkaeT NOTOK-NMPOU3BOANTESb
this.store = store;

(new Thread(this)).start();

}
public void run() {
for (inti=0;;i++)
store.put(i); // INponsBoanTenb OTCbINIAET YNCSa a cKnag



B
ésawmo.qeﬁcmwe NOTOKOB Ha Npumepe

class Consumer implements Runnable {
Store store; // Ccbinka Ha oObekT-cknaa

// KOHCTpPYKTOpP 3arnycKkaeT NnoToK-noTpebuTens
Consumer(Store store) {

this.store = store;

(new Thread(this)).start();

}

// TloTpebuTtenb norny4yaeT Ynucna co cknaga
public void run() {
for (;;)
store.get();
}
}



3aMmMmoaeMcTBUue NOoTOKOB Ha NnpumMmepe

public class Store {
private int n; // XpQHMMOE HO CKAOAE YUCAO
private boolean hasDataq; // Mpu3HAK HAOAMYMUSE AGHHbBIX HO CKACAE
synchronized int get() {
while (lhasData) { /] ECAM CKAQA MYCT, MOTOK MNPULLIEALLIMM 30 AOHHBIMM, AOAXKEH XAQTb
fry {
wait();
} catch (InterruptedException ex) {}
}
// ECAM YUCAO €CTb HO CKAGAE, OHO BbIAQETCH
hasData = false;
noftifyAll();
System.out.printin("BbiAOHO CO cKAQAQ " + Nn);
return n;
}
synchronized void put(int n) {
while (hasData) { // ECAM CKAQA MOAOH, MOTOK MPUHECLLIMK AQHHBIE, AOAXEH XAQTb
fry {
wait();
} catch (InterruptedException ex) {}
}

/] ECAM CKAQA MYCT, YNCAO NMPUHUMAETCH HAO CKAQA
this.n = n;

hasData = frue;

noftifyAll();

System.out.printin("MocTtynuAo Ha ckaaa " + n);



B
ésaumo.qeﬁcmwe NOTOKOB Ha Npumepe

B meTtoge main() rmaBHbIM NOTOK 3anycKaeT ABa AOYEPHUX U TYT Xe
npekpallaeTcs:

public static void main(String[] args) {
Store store = new Store();
Producer p = new Producer(store);
Consumer ¢ = new Consumer(store);

}

B pe3ynbrarte nony4ymMm crnieayroLunin BbIBOA;:

[MocTtynuno Ha cknag 0
BbligaHo co cknaga O
[MocTynuno Ha cknag 1
BbligaHo co cknaga 1
[MocTynuno Ha cknag 2
BblgaHo co cknaga 2

HeTpyaHo ybeanTbesd, 4TO ecnn He Bbi3biBaTb MeToabl wait() v notifyAll(),
paboTta nporpaMmMbl CTAHOBUTCS XaoTUYE€CKOM



g3aMMHaﬂ onokunpoBka notokoB (deadlock)

B npoctenwem criyyae B3anmHas 6yiOKMpOBKa BO3HUKAET,
Korga ABa noToka UCMNonb3YyT ABa CUHXPOHU3UPOBAHHbIX
obbekTa

[TycTb nepBbIN MOTOK BBOAUT MOHUTOP B OOBLEKT A, a
BTOPOM MOTOK BBOAUT MOHUTOP B OOBLEKT B.

[Tocne 3Toro nNepBbIN MNOTOK NbITAETCA BBECTU MOHUTOP B
00bLEKT B, HO nepexoauTt B oxkmnaaHue, T.K. O6bekT B 3aHAT
BTOPbIM MOTOKOM. BTOpPOW NOTOK HE BLIMNOMHAETCH, OH XOET
ocBobOXaeHUst oobekTa A.

[Tony4yaeTtcs, 4To 06a NOTOKa HE MOryT NPOAOoIKaTb
BbIMOJSIHEHME — BO3HUKAET CUTYaLUA, KOTOPYHO Ha3blBaloT
DeadlLock



[Tpumep B3aMHON GNTOKMPOBKU MOTOKOB

public class DeadLocker extends Thread{
Object a, b;
public DeadLocker (Object a, Object b, String name) {
super(name);
this.a = a;
this.b = b;
}
public void run() {
/ BBOO MOHUTOpPa a
synchronized (a) {
System.out.printin(getName() + ": step A");
/[ nepenaya npoueccopa Apyromy noToky
sleep(0);
// BBOO MOHUTOpa b
synchronized (b) {
System.out.printin(getName() + ": step B");

X



MMpumep B3aMMHOUN OJTIOKUPOBKU NMOTOKOB

[na gemMoHcTpaunm B3amMHOM BIIOKMPOBKU NCMNOSb3yeM CrieyoWmnn Koa:

/| O6bekTbl a U b, KOTOpbIe NocnyXaT MOHUTOPaMMU

Object a = new Object(),

Object b = new Object();

Il TlepBbIN NOTOK Nony4aeT o6beKkTbl a n b

new DeadLocker(a, b, "First").start();

/| BTopou NOTOK nony4aeT Te e 00beKTbl B APYromMm nopsiake
new DeadLocker (b, a, "Second").start();

ATOT KOO Hane4yaTtaer:
First: step A
Second: step A
nocrie Yero NOTOKM 3abrnoknpyroTcA

Ecnu Bbi3oB mMeToaa sleep(0) 3amMeHUTb Ha BbI30B MeToda a.walit(), B3aMuMHoM
briokmpoBku He npousongert !!!



B
3asepLueHne noToka

[ToToK NpogorkaeT AencTeoBaTth (MeToq noTtoka isAlive() BosspalLiaet
true), noka He nponsongeT ogHo N3 3-X CoDbITUN

MeToA run() eCTeCTBEHHO 3aBepLUUTCH
paboTta metoda run() byaet npepBaHa
OyneT Bbi3BaH MeTo noToka destroy()

Bbi3oB MeToaa destroy() HemeaneHHo paspyLUaeT MoToK.

Bce GrnokupoBku, caenaHHble MOTOKOM OCTaloTCsl, NMO3TOMY Apyrue
MOTOKN MOTYT Nerko nonacTb B COCTOsiHME BECKOHEYHOrO
OXUaaHus.

MHormmmn onepauymoHHbIMM cuctemamm metop destroy() He
NoaOEePXUBAETCH, U ero NPUMEHEHNE BbI3bIBAET NUCKITHOYEHNE
java.lang.NoSuchMethodError B Bbi3biBaoLLEM NOTOKE.

[MpumMeHATb Ans 3aBeplleHns notoka meto destroy() Henbas !



B
@lnmep KOpPpPEeKTHOro 3aBepLleHUsa NoToka

KoppekTHOoro npekpalleHnsi paboTbl NOTOKa MOXHO J0OUTLCS, NMOMECTUB B
LUMKN MeToda run() npoBepKy donara 3aBepLUeHUS:

public class MyThread extends Thread {
/[ dnar 3aBepLUeHNa N MeTod NSt Er0 YCTaHOBKM
private boolean stopFlag = false;
public void stoplt() {
stopFlag = true;
}
// TIOTOK, KOTOPbIN NeYyaTaeT CBOE UMSA KaXable NoriCeKkyHabl
public void run() {
while (!stopFlag) {
System.out.printin(getName());

try {
}

catch (InterruptedException ex) {}

sleep(500);

}
}
}

Takou nogxon He y4uTbiBaeT TOro, YTO B MOMEHT »KernaeMou OCTaHOBKU MOTOK
MyThread MOXeT BbINOMHATL ANUTENbHBIN MeToA sleep() nnn wait()



B
[MpepbiBaHue NOTOKOB

MexaHn3m npepbiBaHUA B Krlacce Thread nogaep>xmBaetTcqd MeToaamMin.

interrupt() — yctaHaBnmBaeT COCTOSHME NOTOKA B 3HAYEHUE
“‘npepsaH”

isIinterrupted() — npoBepsET, NpepBaH N1 NOTOK
interrupted() — To >xe camoe, HO eLle 1 cOpacLIBaET ero

3ameuaHue. B Java 1 ans npuoctaHOBKKW, nepesanycka u OCTaHOBKM
noToka ncnonb3oBanu metoasl suspend(), resume() u stop().

OTU METOAbl HE CHMMAIOT BIOKMPOBKMK, YCTAHOBIIEHHbLIE MOTOKOM, U
NO3TOMY HENPUMEeHUMbI !!!



;meep 3aBepLieHUus1 noToka c interrupt()

public class MyThread extends Thread{
public void run() {
while (linterrupted()) {
System.out.printin(getName());

try {
sleep(500);
}

catch (InterruptedException ex) {
interrupt();

}
}
}
}

[ToBTOPHbLIN BbI3OB MeToAa interrupt() B brnoke catch Heobxoanm
NoToMmy, YTo MeTof sleep(), BbIOPOCUB UCKMOYEHME, TaK XKe o4naeT
COCTOSAHME noTOKa "npepsaH”, kak n metog interrupted()



B
OxupaaHue 3aBepLlieHUA NOTOKaA

Ecnu rmaBHbIM NOTOK peLumns oXuaaTbCsa 3aBepLUueHns paboTbl 4OYEPHEro
NoTOKa, OH MOXET cAenaTb 3TO, OpraHM30BaB LMK C NPOBEPKOW YCIOBUS
isAlive() onsa obbekTa goYepHEro NoTokKa.

UTOobbI OXXnaaHue He BbIS10 aKTUBHBIM, B LIMKITE€ MOXHO BbIMNOSTHATL METOA
sleep()

public static void main(String[] args) throws Exception{
MyThread thread = new MyThread();
thread.start();
while (thread.isAlive())
Thread.sleep(100);
System.out.printin("KoHeu");

[pyroi BapnaHT NPMOCTaHOBUTb OAMH NMOTOK [0 3aBEPLUEHUS APYroro npu
NoMoLLM MeToaa join() , nocne Takoro Bbi3oBa NOTOK MHULMATOP OyaeT ob6s3aH
NOXOaTbCSA 3aBEPLUEHUS BbI3BAHHOIO noToka. [JaHHOMY MeToaly MOXHO
nepeanaBaTh B Ka4ecTBe napamMeTpa Lenoe Yncro, kotopoe byaeT ykasbiBaTb Ha
BPEeMsl OXXMUAaHUS, ecrin 3a 3TO BPeMs! Bbl3BaHHbIV MOTOK HE 3aKOHYMIT CBOKO
paboTy , TO ynpaBrneHne Bce paBHO BEPHETCSH UHULMATOPY.



Moaudomnkatop volatile

Mogudomkartop volatile nogxoanT ToNbKO ANS KOHTPOSA AOCTYNa K OAMHOYHOMY 3K3eMMnspy
UM NepeMeHHon NpUMNTUBHOIo Tuna: int, boolean... Korga nepemeHHas obbaBneHa kak
volatile, ntobas 3anucb eé€ dyaeTt ocyLwecTBAATLCS NPAMO B NaMsATb, MUHYS Kell. Takke Kak U1
cuMTbiBaTbCs BydeT NPsIMO M3 NaMsATU, @ HE N3 BCEBO3MOXXHOIO Kella. OTO 3Ha4uT, YTO BCce
NoTOKM ByayT "BMAETL" OOHO M TO Xe 3Ha4YeHUe NnepeMeHHON 0gHOBPEMEHHO.

public class MyRunnable implements Runnable{
private volatile boolean active;
public void run(){
active = true;
while (active){ // nnHunsa 1
/] 30ecb Kakon-HMbyab koA

}
public void stop(){

active = false; // nnHua 2

}

KoMnmnnaTop coyTeT, YTo pa3 nepemMeHHast He MEHSIETCS BHYTPU LIMKIA, ee MOXHO
3aMEHUTb KOHCTAHTOW, paBHOW ee NnepBOHa4YanbHOMY 3HAYEHWUIO.

UTo0ObI n3bexaTb NogMeHbl OpUrMHana Konusamm 3a CHET oNTMMmM3aumn Koga, Kog Hago
CUHXPOHM3NPOBATb NN 00BbABUTL NEPEMEHHYI0 Kak volatile.



