MHOI'OITIOTOYHOE
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* [TakeTsl
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BBEIEHVIE

HACTb 1




[TOTOKMU

* KO>XKAbIM MOTOK MMEET CBOM CTEK BbI3OBOB
* Y MOTOKOB OOLLLOS NAMATB!
e Java-notok = notok 8 OC

* Y JVM cBOU NAQHUPOBLUUK MOTOKOB, KOTOPbIN HE
30BUCUT OT NAGHUPOBLLUKA ONEPALLUOHHOU
CUCTEMbI NOA KOoTOpoUu pabotaeT JVM

* B Java ecTb ABQ BUAQ MOTOKOB: MOTOKM-AEMOHb
(daemon threads) 1 MOAb3OBATEABCKME MOTOKM
(user threads). JVM 3aBepPLLIAET BbIMOAHEHUE
NPOTPAMMbI KOTAQ BCE NMOAb30BATEALCKME MOTOKM
30BEPLUAT CBOE BbIMOAHEHME.
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CO3AHNME ITIOTOKOB

« Kanacc Thread — notok

* [TO3BOASET CO3AO0BATH MOTOKM W MPOM3BOAMTL ONMEPALMM C
HUMM

* MIHTepdoenc Runnable — CyLLIHOCTb, KOTOP S MOXET
ObITb 3QNYLLLEHA
* public void run();




CO3JAHVE ITOTOKA (RUNNABLE)

[Toumep KoAad
// Co3AQHME NOTOKA
Thread t = new Thread(new Runnable() {
public void run() {
System.out.printin("Hello");

}
}):
// 3anyck noToka
t.start();
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CO3AHME ITOTOKA (THREAD)

He pPeEKOMEHAYETCA MCMNOAb3OBATH

[Tonmep KoAa
// Co3AQHME NOTOKA
Thread t = new Thread() {
public void run() {
System.out.printin("Hello");

}
1
// 3anyck noToka
t.start();
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VMHCTAHLIMIPOBAHNE ITOTOKA

ECAM Bbl paOCLLUMPUAM KAAQCC Thread:
MyThread t = new MyThread();

ECAM Bbl PEAAM3OBBLIBOAM Runnable:
MyRunnable r = new MyRunnable();
Thread t = new Thread(r);

OAMH 3K3eMMAAP Runnable MOXXHO nepeAaTh
HECKOAbKMM OBObeKTOM Thread:

MyRunnable r = new MyRunnable();

Thread foo = new Thread(r);

Thread bar = new Thread(r);

Thread bat = new Thread(r);
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KOHCTPYKTOP THREAD

Thread|)

Thread(String name)

Thread(Runnable runnable)
Thread(Runnable runnable, String name)
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3AITYCK TTOTOKA

* HYy>KHO TOK:
t.start();

« HE TAK:
t.run();
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[ TPVIMEP

public class Starter {
public static void main(String[] args) {
NameRunnable nr = new NameRunnable();
Thread one = new Thread(nr);
Thread two = new Thread(nr);
Thread three = new Thread(nr);

one.setName("TepB.bint');
two.setName ('Btopon");
three.setName('Tpetuit');

one.start();
two.start();
three.start();

}
}

class NameRunnable implements Runnable {
public void run() {
for (intx=1;x <= 3; x++) {
System.out.printin("3anywen " + Thread.currentThread().getName() + ", x paseH " + X);
}
}
}
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CBOVICTBA ITOTOKA

* OCHOBHbIE CBOMCTBA

id — MAEHTMAOUKATOP MOTOKA

name — MM$ MNOTOKA

priority — npuopureT

daemon — NOTOK-AEMOH

« CBOMCTBA NOTOKAQ HE MOTYT MIMEHATLCA NMOCAE
3arnycka
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COCTO/HNA TTOTOKA

COCTOSHME NOTOKA BO3BPALLLAETCI METOACMM
* int getState()
* boolean isAlive()

getState() isAlive()

NEW

RUNNABLE

BLOCKED

WAITING

+ |+ |+ |+

TIMED_WAITING

TERMINATED




COCTOHNMA TTOTOKA

[TOTOK MOXET HOXOAMUTLCH B OAHOM M3 MITM COCTOAHMM:

HoBbin (new). [TocAe CO3AQHMS DK3IEMMAIPA NMOTOKA, OH
HOXOAMTCS B COCTOSAHMM HOBbIM AO TEX MOP, MOKA HE BbI3BAH
METOA start(). B 3TOM COCTOIHMM MOTOK HE CHYUTAETCSH XXMBbIM.

PaboTocnocobHbIn (runnable). NMoTok nepexoamTt B COCTOIHME
PaB6oToCnoCOBHbIM, KOTAQ BbI3bIBAETCH METOA start(). NoTok
MOXET NEPENTU B ITO COCTOFHUNE TAKXKE M3 COCTOAHMUA
PabotatoLmmi MAKM M3 COCTOAHMA BAOKMPOBAOH.

PaGoTaowmm (running). NoTok MeEpEXOAMT M3 COCTOAHMS
Pa®oTtocnocobHbIM B COCTOAHME PABOTAIOLLIMM, KOTAQ
[TAQHUPOBLLIMK MOTOKOB BbIOMPAET ero 13 runnable pool Kak
PAOOTAOLLMM B AOHHBIM MOMEHT.

Oxuaatowmmn (waiting)/3a6A0KMpPOBAHHbBIN
(blocked)/Cnawmn (sleeping). 31 COCTOAHMA XAPAKTEPUSYIOT
NOTOK KAK HE rOTOBbIM K paboTe.

MepTBbin (dead).
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COCTOHNMA TTOTOKA

Waiting/
blocking




B3AVIMOJIEVCTBUE ITOTOKOB

« Co3AQHME MOTOKA

» 3aNyCK MoToka (start)

* OXMAQHUME OKOHYOHMS NOTOKA (join)
* [lpepblBAHME NOTOKA (iNnferrupt)

» 3AQCbINAHME NOTOKA (sleep)
* [lepekaoyeHmre Nnotokos (yield)
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OTIIPABKA B COH

Thread.sleep(millis, nanos)
TimeUnit.SECONDS .sleep(secs)

[epevncaenme TimeUnit
« SECONDS

» MILLISECONDS

« MICROSECONDS

- NANOSECONDS

- DAYS

« HOURS

« MINUTES

Bce meTtoabl KMAQIOT InterruptedExcepton
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IHPVOPUTETDBI 1 YIELD

[TpU1opUTETHI:
Thread.MIN_PRIORITY (1)
Thread . NORM_PRIORITY (5)
Thread.MAX_PRIORITY (10)

FooRunnable r = new FooRunnable();
Thread t = new Thread(r);
t.setPriority(8);

t.start();

MeToA yield() MOXHO MCMNOAb3OBATH AAS TOTO YTOOBbI
NPEAAOXMTb MACQHUPOBLLIMKY BbIMOAHUTH APYIOM MOTOK,
KOTOPbIM OXXMAQET CBOEM OHEPEAMN.
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bJIOKMPOBKA HOPYI'OI'O IIOTOKA

* MeToabl sleep 1 yield — ctatnyeckmel M AemcTeytoTr
HQ TekyLUMM NoTok!

* [IPMOCTAHOBMUTL DCI6OTY APYIOro roToka HeEAb34.
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OXMIAHVE OKOHYAHWMI ITOTOKA

)|

Metoabl KaAacca Thread
¢ join() — O>XXMAQTb AO 30BEPLLIEHMS

e join(long millis) — O>XXMAQTb AO 30BEPLUEHMI MAU UCTEHEHMS
Millis MUAAMCEKYHA

* join(long millis, long NANos) — O>XKMAQTL AO 3ABEPLLEHUA MAM
mcreveHma millis MUMAAMCEKYHA M NANOS HOHOCEKYHA

BCce METOAbI OXKMAOHUA KMACQHKOT
InterruptedExcepton

Thread t = new Thread();
t.start();
t.join();
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[IPEPbIBAHWME ITOTOKA

* MeTtoabl knacca Thread
* interrupt() — YCTOHOBUTbL CDAQT MPEPLIBAHMS
e isinterrupted() — NnpoBepmTs AOAAT MNPEPLIBAHMS
* interrupted() — npoBepmTb M COPOCUTL DAQAT MNPEPLIBAHMS

* METOAbI, KOTOPbLIE OXUAQIOT B MPOLLECCE
BbIMOAHEHMI AOAXHbLI BpocaTh InterruptedException
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ObPABOTKA JIAHHDBIX B LIVIKJIE

class Worker implements Runnable {
public void run() {
fry {
while (IThread.interrupted()) {
// TIOA€3HbIE AEMCTBUY

}

} catch (InterruptedException e) {

}

// NCMNOAHEHME MOTOKA MPEPBAHO
// TIOTOK 30KAHYMBAET PABOTY
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CYHXPOHM3ALISI
KOJIA

HACTb - 2
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bJIOKMPOBKWM B JAVA

AIOOOUN OOBEKT MOXKET CAYXKUTb OAOKMPOBKOM
CHATME DAOKMPOBKM MPOU3BOAMTCA ABTOMATUYECKM
CUHTOKCUC

synchronized (o) { // lNoAy4eHne BAOKMPOBKM

} // CHsTME BAOKMPOBKM
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METO/bI DK3EMIUIZIPA

* METOA 3K3EMMAIPA MOXET OblTb OOBABAEH
CUHXPOHM3OBAHHbIM
public synchronized int getValue() { ... }

* DKBMBAAEHTHO (NOYTH)
public int getValue() {
synchronized (this) { ...}

}
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METO/1bl KITACCA

METOA KAOCCQO MOXET OblTb OObIBAEH
CUHXPOHM3OBAHHbIM
@lelss Exemples!

public static synchronized int getValue() { ... }
OKBMBOAEHTHO

public int getValue() {
synchronized (Example.class) { ... }

}
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YHIEPXVMBAHNE bJIOKMPOBOK

* [1pu BbI3OBE Yield, sleep, join NOTOK YAEPXMBAET BCE
CBOM ODAOKMPOBKM!
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[ IPVIMEP
VTEJIb-IIOTPEBTEJIb

[TPOM3BOL

OAMH NOTOK MPOU3BOAUT ACHHbBIE, BTOPOM KX
NnoTpedAdeT

HeCKOABKO NMOTOKOB MPOM3BOAIAT ACQHHLIE U
HECKOABKO MX MOTPEDASIOT

AQHHbIE MOTYT XPAHMTLCH B O4HEPEAM
(He)orpaHM4YeHHOro o6bEMA

Queue
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MHTEP®EVIC OYEPEOW

XPAOHUT OAMH DAEMEHT

class Queue {
private Object datq;
public void set(Object data) { ... }
public Object get() {...}

}
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[TPOMI3BOLAVTEJIb

Y CTOHOBKA 3HAYEHUS
public void set(Object data) {
while (true) { // AKTMBHOE OXMAQHME
synchronized (this) {
if (this.data == null) {
this.data = data;
break;
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[TOTPEBVTEJIb

[TOAY4YEHME 3HAYEHMS
public Object gef|) {
while (true) { // AKTMBHOE OXMAQHME
synchronized (this) {
if (data I=null) {
Object d = data; data = null;
return d;

}
}
}
}
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MOHWTOPDBI 1
YCI1OBWA

HACTb 3

ava Advanced / Threads



B3AVIMOJIEVCTBUE ITOTOKOB

» B knacce Object ectb TPy meToAC
wait(),
notify(),
notifyAll(),
KOTOPbIE MO3BOAIOT MOTOKY COOOLLLATH
MHADOPMALMIO O CBOEM COCTOSHUMN APYTUM,

3AUHTEPECOBAHHbBIM B 3TOM MHADOPMALLUM,
MOTOKAM.
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MOHWTOPDI

* AtOOOM OOBLEKT MOXKET ObITb MOHUTOPOM

* [lepeaaya cobbiTHI
« wait(time?) — OXKMAQHME YCAOBUS
* notify() — usBeLLLEHME OAHOTO M3 XXAYLLIMX MOTOKOB
* notifyAll() — mn3BeLLeHME BCEX XXAYLLIMX MOTOKOB

* Hy>KHO BAOAETbH OAOKMPOOBKOM
* lllegalMonitorStateException
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MOHWTOPDI

* [1PpU OKMAQHKKM MOHMTOPA (WAalif) DAOKMPOBKA C
HEro CHMMAETCH

* [1oU1 M3BELLLEHUM MOTOK HE MOAYHOET YNPABAEHMS
MOKA HE MOXET MOAYYUTb OAOKMPOBKY OBPATHO

* noftify() n notityAll() He cHUMaOT BAOKMPOBKY!
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[TPOV3BOAUTEIID (1)

YCTAOHOBKA 3HAYEHMS
public synchronized void set(Object data)
throws InterruptedException
{
if (this.data = null) {
wait(); // NACCMBHOE OXMAQHME
}
this.data = data;
notify();
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[TOTPEBUTEJIb (1)

[TOAYYEHME 3HAYEHMS
public synchronized Object get()
throws InterruptedException {
if (data == null) {
wait(); // TTACCMBHOE OXMAQHME

}
Object d = datqg;

data = null;
notify();
retfurn d;
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[TPOV3BOAUTEIID (2)

YCTOHOBKA 3HAYEHUS

public synchronized void set(Object datq)
throws InterruptedException

while (this.data = null) {
wait(); // NACCMBHOE OXMAQHME

}
this.data = data;

notify();
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[TOTPEBUTEJID (2)

[TOAYYEHME 3HAYEHMS
public synchronized Object get()
throws InterruptedException {
while (data == null) {
wait(); // TTACCMBHOE OXMAQHME
}
Object d = datqg;
data = null;
notify();
return d;
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BHE3AIIHDbIE I1PObY KA EHW

* wait() moxeT 3aBepLUnTbCd 6e3 notify()
* [IpOBEPUTL HACTYMAEHME CODbITUS
* OXMAQTb BCETAQ B LIMKAE

* amoma
* while (aoxxaaacs) wait();
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SAIAHV-PABOTHVIKU

[TOTOK-KAMEHT XXAET BbIMOAHEHMS 30AQHMA MOTOKOM-
CEPBEPOM

GO

e
T
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SAIHAHVIA-PABOTHVIKM

PelLLeHne C NOMOLLLbIO MOHUTOPAO
« 30AQHUE
queue.add(task);
queue.notify();
task.wait();
* PQBOTHMK
while (queue.isEmpty()) queue.wait();
Task t = queue.geft();

// OBpabOTKA 30ACHMS
t.notify();
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NOTIFYALL()

public class Reader extends Thread {
Calculator c;
public Reader(Calculator calc) { ¢ = calc; }

public voidrun() {
synchronized (c) {
try {
System.out.printin("Bel4mcaenue...");
c.wait();
} catch (InterruptedException e) { }
System.out.println("Total pasHo: " + c.total);

}

public static void main(String[] args) {
Calculator calculator = new Calculator();
new Reader(calculator).start(); new Reader(calculator).start(); new Reader(calculator).start();
calculator.start();

}

class Calculator extends Thread {
int total;
public void run() {
synchronized (this) {
for (inti=0;i<100; i++) { total +=1i; }
notify All();
}
}
}
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JAVA MEMORY MODEL
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OCHOBHBIE CBOVICTBA

* ATOMOPHOCTb
* BUAMMOCTb
* YNOPIAOYEHHOCTD
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ATOMAPHOCTD

* ATOMAPHAO4 onepdauma BbINOAHIETCI KOK EAUHOE
LLeAOE

« Onepaumm HaA BCEMU TUMAMM Kpome long u
double aBAJOTCH ATOMAPHbLIMMU

Java Advanced / Threads



[ TPVIMEP

inta=0; * BO3MOXHbIE 3HO4YEHMS T
long b =0; 0
o |
Vol * BO3MOXXHbIE 3HAYEHMS b
a=1; * 0
=-1; o -]
« OxffffffffO0000000
« OxO0000000ffffffff
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BUAVIMOCTD

* MI3MEHEHMA MPOM3BEAEHHBLIE MOTOKOM | BUAMMBI
MNOTOKOM 2

* BUAMMOCTb FTAPAHTUPYETCS B CAEAYIOLLIMX CAYHASX

* [TocAe M3MEHEHMIM MOTOK 1| OCBOOOAMA DAOKMPOBKY,
KOTOPYIO 30XBATUA MOTOK 2

* [ToCAE U3IMEHEHMSA MOTOK 1 CO3AQA MOTOK 2
e [TOTOK 2 AOXXKAQACSH OKOHYOHMSA MOTOKA |

* [P HENPABUABHOM CUHXPOHM3ALMM M3MEHEHMS
MOTYT ObITb BUAMMbBI B MPOM3BOABHOM MOPIAKE
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[ TPVIMEP

BO3MOXHbIE
3HOYEHMd NApsbl A,

o

OO
el 0
> lon 2
o), 2
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YITOPAJIOYEHHOCTD

* [1pOrpPAMMBbI BbIMOAHAOTCH KOK €CAM Obl OHM ObIAM
HAMUCAOHbI MOCAEAOBATEABHO

« C TOYKM 3PEHMUSN APYTMX MOTOKOB BbINMOAHEHME
NPOrPAMMbI MOXET MPOMU3BOAMTLCS B
MPOM3BOABHOM MOPSAKE
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[ TPVIMEP

feniel =10 * BO3MOXXHbIE
a=1: MNOCAEAOBATEABHOCTU
3HOYEHMM O

%00
0, 1
0,2
{32
250
2]

qQ=2;
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VOLATILE-IIEPEMEHHDBIE

Onepaumm c volatile-nepemeHHbIMIM BCETAQ
AOTOMQPHbI

[lon YTeHne 3HaveHmd volatile-nepeMmeHHOM OHO
BCETAQ YATAETCA M3 OBLLLEM MAMATH

[lon 3anmMcm 3Ha4YeHms volatile-nepeMeHHOM OHO
BCErAQ 3AMMCbLIBAETCS B ODOLLLYIO MAMSATb

EcAm volatile-cCbIAKO M3MEHMAQACH, TO ACHHbIE
AOCTYMHbIE MO HEN MOTAU HE M3MEHUTLCS
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[TPO SINGLETON

// OAHOMOTOYHAY BEPCUS
class Foo {
private Helper helper = null;
public Helper getHelper() {
it (helper == null)
helper = new Helper|();
return helper;

}

// 1 OCTOAbHbIE YAEHbI KAQCCA...

}
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[TPO SINGLETON

// TIDABUABHAS, HO "AOPOraAs" NO BPEMEHM BbIMOAHEHMS
MHOTOMOTOYHAS BEPCMHS

class Foo {
private Helper helper = null;
public synchronized Helper getHelper() {
it (helper == null)
helper = new Helper|();
return helper;

}

// 1 OCTOAbHbIE YAEHbI KAQCCA...
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[TPO SINGLETON

// HepabotaoLas MHOrONOTOYHAS BEPCUS
// WabaoH "Double-Checked Locking"
class Foo {
private Helper helper = null;
public Helper getHelper() {
if (helper == null) {
synchronized (this) {
if (helper == null) {
helper = new Helper();
}
}
}

return helper;

}

// 1 OCTOAbHbIE YAEHbI KAQCCA...

}
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[TPO SINGLETON

// PODOTOET C HOBOM CEMAHTUKOM Volatile
// He pabotaet B Java 1.4 1 6oAee PAHHUX BEPCUIX M3-30 CEMAHTUKM Volatile
class Foo {
private volatile Helper helper = null;
public Helper getHelper() {
if (helper == null) {
synchronized (this) {
if (helper == null)
helper = new Helper();
}

}

return helper;

}

// 1 OCTOAbHbIE YAEHbI KAQCCA...

}
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[TPO SINGLETON

public class Singleton {
private Singleton() {}

private static class SingletonHolder {
public static final Singleton instance = new Singleton();

}

public static Singleton getlnstance() {
return SingletonHolder.instance;

}
}
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[TPO SINGLETON

public class Singleton {
private static final Singleton instance =
new Singleton();

private Singleton() {}

public static Singlefon geflnstance() {
return instance;

}
}
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[TPO SINGLETON

public class Singleton {
private static final Singleton instance;

static {
fry {
instance = new Singleton();
} catch (IOException e) {
throw new RuntimeException('Darn, an error occurred!”, e);
Y
I

public static Singleton getinstance() {
return instance;

}

private Singleton() {
Lyt

}
}
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