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YnpaBneHue 3agayamu I/iTMO

1
® OgHa 3aava

® OaAVH npoLeccop

———



YnpaBneHue 3agayamu I/iTMO

e OJVH npoLeccop
® /IBe 3aaa4u
® [locnepoBaresibHOE NCNOSTHEHNE

® [IpocToe ynpaBneHue




YnpaBneHue 3agayamu I/iTMO

e [IBa npoLeccopa q;l CI;U
® /IBe 3aaa4u

® [lapannensHoe NUCMNOoJIHEHNE
® Hosiee C/I0XKHOe yrnpaB/ieHne
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YnpaBneHue 3agadyamu

® [1Ba npoleccopa

® [1Be 3agaumn

® [lapannensHoe UCMNofHeEHNe
® Hbonee cnoXxHoe ynpasneHue
® MeHblUe 3aTpaTbl BPEMEHMU

/ITMO

CPU
1

CPU
2
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YnpaBneHue 3agayamu I/iTMO

® MHOro npoueccopos ‘CI:U\ CPU
® MHoro sagauy

® [TapasiniennbHoe NUCNOJIHEHNE
® BLicokass npoun3BOANTENIbHOCTb
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YnpaBneHue 3agadyamu

® OOuH npoueccop ‘C':U \ o,
® OnHa 3agava

® BB0/1-BbIBOA

D
® [TpoLieccop npocTanBaeT

———



YnpaBneHue 3agadyamu

® OaVH npoueccop

® /IBe 3agauu

® BBOA4-BbIBO/,

® [Ipoueccop npocTtamBaeTt




YnpaBneHue 3agadyamu

® /IBa npoueccopa

® /IBe 3agauu

® BBOA4-BbIBO/,

® [1poueccop npocrtamBaeT
® 3aHATOCTb BY




YnpaBneHue 3agadyamu

® OaAVH npoueccop
® /IBe 3agauu
® BBOA4-BbIBO/,

® [Mpoueccop rnpocTansaet
1 3TO MOXHO UCMO/Ib30BaTh




YnpaBneHue 3agayamu I/iTMO

® OaMH Npoueccop
® /IBe 3aaa4u
® BBoa-BbiBOA

/>
® [lepekniloueHne KoHTekKcTa — a—e

® KOHKYpPEHTHOE UCMOJIHEHNE |
® Hosiee C/I0XKHOe yrnpaB/ieHue .




YnpaBneHue 3agadyamu

® OaVH npoLeccop

® /IBe 3aaa4u

® BBoAa-BbIBO/

® [lepekitoueHne KoOHTeKCcTa

® KOHKYpPEHTHOE UCMOJIHEHNE
® Hosiee C/I0XKHOe yrnpaB/ieHue
® MeHblle 3aTpaTbl BpEMEHMU
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YnpaBneHue 3agadyamu

® OOuH npoueccop

® MHoro 3agay

® MHorosaga4yHocCTb

® KOHKYpPEHTHOE UCMOJIHEHNE




YnpaBneHue 3agadyamu

® MHoro npoweccopos

® MHoro 3agay

® MHorosaga4yHocCTb

® KOHKYpPEHTHOE UCMOJIHEHNE
® YHuBepcasibHas Moaesb

/ITMO
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CTpaTternm nepekoueHus 3agau I/iITMO

® KoonepatuBHasa MHOro3agayHoCTb
+ [106pOBO/IbLHOE NepekntoveHne B ya00HbIN MOMEHT

+ Ecnu 3agava He Aenntcsa pecypcamu — Apyrne ctpagatot
® BhiTecHAOWasd MHOro3aa4yHoCTb

+ 3ajaudn nepeksnyvaeT gucrnertyep

+ [lepeknoveHne B Npon3BOSbHbIE MOMEHTHI
+ Heobxo4MmMo coxXpaHeHUsa COCTOAHNSA

+ Heobxogumo cornacoBaHve goctyna



Mpouecchbl U MOTOKYU I/iTMO

® [Tpouecc ® MoToK (thread)
+ OT[le/IbHOE NPUNOXKEHNE + paboTaeT BHYTpW npoLecca
+ CBOW Pecypchbl 1 NaMsTb + 00LMe pecypchbl N NamsaTb
+ [10/TT0€ NMEepekIYeHne KOHTeKcTa + ObICTPOE NEPEKNHOYEHNE KOHTEKCTA
® MHorosagayHocCTb ® MHOronoTo4yHOCTb
\
\
|
npouecc [AaHHble HOT?K
| MOTOK
| npouecc | AOaHHble
HOT?K
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CpeactBa Ana napansienibHOM oopadoTKK

® AnnapaTHble
+ MHoronpoueccopHoCTb
+ MHorosiepHoOCTb
+ MHOronoTo4YHOCTHL Ha YPOBHE npoLeccopa
® [lporpaMmmHble
+ MHoOrosagayHocTb
+ MHOronoTo4yHoCTb Ha ypoBHe saapa OC
+ MHOronoTo4YHOCTb Ha N0/1bL30BaTE/IbCKOM YPOBHE

LITIMIO



BapuaHTbl MHOTOMOTOUYHO 06Pa6OTKN IITIMIO

® pacnapaJsiiennsaHune ® KOHBelepHas 0bpaboTka
+ 06pabOoTUMK BbINOHAET + 06paboTuUMK BbINOMHAET
BCe 3Tarbl 04HOWN 3aaa4u OMH 3Tan Bcex 3aaad
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Notoku B JVM

® C/AICTEMHbIE
+ OCHOBHOW NoToK JVM
+ COOPLUMK Mycopa
+ nepuoanyeckmne 3agaqu

+ NOTOK JI T-koMNnnaunm

/ITMO

® NpuknagHble
+ OCHOBHOWN NOTOK (Main)
+ CcO3AaHHble NPOrpamMmMHO

21



Peanusauuna notokoB B Java

® [lepBble Bepcun - Green Threads - N:1
® 1.3+ - Platform (Native) Threads - 1:1
® 21+ - Virtual Threads - N:M

/ITMO
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Knacc Thread /ITVIO

® HTepdenc Runnable — BbinosiHAeMas 3agava
+ run() - Kkog 3agaun
+ 3aBepluaeTcd run() — 3aBepLuaeTcd 3agada
® knacc Thread implements Runnable — vucnonHutens
+ start() - 3anyck 3agauv B oTAE/ILHOM MOTOKE
+ BO3BpaT B OCHOBHOW NOTOK 6e3 oXnaaHuns

<+ COOCTBEHHbIN CTeK BbI30BOB

: A ecnu Bbi3BaTtb Thread.run() ?
S,

Java 23



Co3gaHue NnoToKa ViTMO

class Task implements Runnable { .Ba.qaqa - Runnable

public void run() {

/* Teno notoka */ .KOﬂl Baﬂ,a‘—ll/l = run()
}

, ®roToK - Thread
new Thread(new Task()).start(); .3a|'|yCK - Start()

24



Knacc Thread u untepdeiic Runnable ViTMIO

class Task implements Runnable { class Task extends Thread {
public void run() { public void run() {
/* Teno notoka */ /* Teno notoka */
¥ b
b b
new Thread(new Task()).start(); new Task().start();

new Thread( () -> { /* Teno notoka */ } ).start();

25



CoOCTOSSHUA NOTOKAa

/ITMO

OKOH4YaHune

start()

ancnetryepunsaumna

paboThl

runnable
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MeToabl NOTOKa ViTMO

® static Thread.currentThread()

® getiD()

® getName() / setName()

® getPriority / setPriority()

® getState()

® sAlive()

® isDaemon() / setDaemon() - A0 Bbi3oBa start()

s,
—
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YnpasneHue BbINOMHEHNEM NOTOKOB I/ITMO

® Thread.sleep(long millis) // cnaTb
e t.join() // %paTb 3aBepuweHusa t M npooon¥mtb paboTy

e yield() // paTb BbLINOSIHATLCA OPYrMM MNOTOKaM

28



COCTOSIHUS NOTOKA I/ZITMO

sleep(time)

OKOH4YaHue
paboThl

start()

ancnetryepunsaumna

runnable

Java 29



MpepbiBaHWe NOTOKA I/iITMO

® t.interrupt() - ycTtaHaBIMBaeT dosiar npepbiBaHNSA NOTOKa t

+ NpoBepkKa nara
= Thread.interrupted() - co copocom dhnara
= isIinterrupted() - 6e3 cbpoca thnara

+ doiar MOXHO UrHopupoBaTh

® MeToabl sleep, join, wait 6pocatoT InterruptedException
+ MOXHO obpaboTtaTtb B 6/10Ke catch
+ MOXXHO NPOOPOCUTL

Java 30



3aBeplueHne NOTOKOB I/iTMO

® 3aBepLleHMne meToda run()
® MpepbiBaHMe ¢ nomoulbio interrupt() n 3aBepLueHme run()

® mMeToabThreadstopO-/suspenrd-/-resume()
® phiktoveHne JVM (System.exit() / Ctrl-C)
+ XYk - Runtime.getRuntime().addShutdownHook (Thread hook)

+ NeMOoHbI - setDaemon(true); start()

Java 31



Mpumep paGoTbl MOTOKOB I/iTMO

public class ThreadTest {

public static void main(String[] args) {
Runnable r = () -> {

Yi
for
¥
¥
1}
Java

String name = Thread.currentThread().getName();
System.out.println(name + " started");
try {

Thread.sleep(500 + (long) (100 * Math.random()));
} catch (Interruptedexception e) { return; }
System.out.println(name + " finished");

(int 1 = 0; i < 10; i++) {
(new Thread(r)).start();
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Pe3ynbraTt Bcerga pasHbiun

/ITMO

Thread-0 started Thread-8 finished
Thread-2 started Thread-7 finished
Thread-9 started Thread-9 finished
Thread-8 started Thread-5 finished
Thread-6 started Thread-0@ finished
Thread-7 started Thread-1 finished
Thread-5 started Thread-2 finished
Thread-1 started Thread-6 finished
Thread-4 started Thread-4 finished
Thread-3 started Thread-3 finished

® [TapannenbHoe BbINO/IHEHNE E> HenepMmMHMpPoBaHHOCTb
3
Java 33



JMM - Java Memory Model ViTMIO

RAM L3 L2 CPU1
thread 1 thread 2 thread 3
stack (cTek) stack (cTek) stack (cTek)
local
L1
local \ local \ local o
\ /J/ o
heap (ky4a : o L2 CPU2
P (kysa) Y object object
object object
object object L 4
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FoHkM (race condition) I/iTMO

class Shared {
int counter = 0;
void up() { counter++; }
void down() { counter--; } Shared sh = new Shared();
} new Thread(sh::up)).start();

new Thread(sh::down)).start(),

++ Y --
He aToMapHble

B T

1) load counter
2) add 1 (sub 1)
3) store counter

Java 35



FoHku (race condition) I/iTMO

class Shared {
int counter = 0;
void up() { counter++; }
{

void down() { counter--; } Shared sh = new Shared();
} new Thread(sh::up)).start();
new Thread(sh::down)).start();
nortok 1 counter NOTOK 2
load counter (0) 0]
add 1 (1) 0 ++ ==
1) load counter
store counter (1* 1 2) add 1 (sub 1)
/1' load counter (1) 3) store counter

d’ 1 sub 1 (0)
0

store counter (0)
Java 36



'OHKu (race condition)

class Shared {
int counter = 1;
void up() { counter++; }
void down() { counter--; }

}
noTtok 1 counter
load counter (0) 0]
4'
- 0
0

( add 1 (1)

=~ store counter (1
Java

|7

/ITMO

Shared sh = new Shared(); (
new Thread(sh::up)).start();
new Thread(sh::down)).start();

NOTOK 2
load counter (0) + --
1) load counter
sub 1 (-1) 2) add 1 (sub 1)
store counter (-1) 3) store counter

37



PelueHue Npo6iembl ViTMO

® CoBMecCTHble nameHdgemble agaHHble (shared mutable data)
+ Bosiee o4HOro NoToKa NMEKT AOCTYN K 06LLen nepeMeHHoN
+ [No KparHel Mepe OfMH NOTOK BbIMOSTHAET 3aNUCh

® PelleHUs Npoo6emMbl
+ OTCTYTCTBME COBMECTHbIX AlaHHbIX - JIOKaJ/1bHble AaHHble
+ HEN3MeHAeMOCTb AaHHbIX - Immutability
* CUHXpPOHMU3auua
+ O[IHOMOTOYHOCTb

S,
—
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Kputnueckasa cekuyusa

class Shared {
int counter = 1;
void up() { counter++;
void down() { counter--; }

}
noTtok 1 counter
load counter (0) 0]
4'
- 0
0

/ add 1 (1)

=’ store counter (1
Java

1

|7

/ITMO

load counter (0)

KPUTUYECKASl CEKUMS |

Shared sh = new Shared(); (
new Thread(sh::up)).start();
new Thread(sh::down)).start(),

NOTOK 2

c++ cC--
1) load counter

Sl 1) 2) add 1 (sub 1)
store counter (-1) 3) store counter
\J
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CUHXpoHUu3auusa

class Shared {

}

int counter = 1;

synchronized void up()

/ITMO

{ counter++; }

synchronized void down() { counter--; }sh = new Shared(); (

noTtok 1
load counter (0)
add 1 (1)

store counter (1

counter
0

0
1
1
1
0

new Thread(sh::up)).start();

new Thread(sh::down)).start();

MOTOK 2

load counter (1)
sub 1 (0)

store counter (0)

40



CUHXPOHU3MPOBaHHbIE MEeTOAbl N GIOKK I/iITMO

® auwmnta Kputnyeckomn cekumm (KC)

+ JTlo60M 0O6BLEKT MMEET BCTPOEHHY0 6M0KMPOBKY (intrinsic lock)
+ KC gocTynHa To/1bKO MOTOKY C G/I0KMPOBKOW

+ [Mpn Bxoge B KC noTok 3abnpaeT 610KNPOBKY
* [Mpwn Bbixoae n3 KC noTok otgaeT 6/10KMPOBKY

+ BnokupoBKa peeHTepabesibHa — He 6/10KMPYET cebs /
+ OCTa/IbHblE€ NOTOKWU XXAYT B ouepeamn

Java 41



COCTOSIHUS NOTOKA I/ZITMO

sleep(time)

OKOH4YaHue
paboThl

start()

ancnetryepunsaumna

runnable

3axBaT BNOKMPOBKU oXxuaaHne 6roknpoBKu

Java 42



synchronized metop I/iITMO

public class MyClass {
Object lock = new Object(),
public synchronized void add() { }
public synchronized void rem() { }
public static synchronized int min() { }
public static synchronized int max() { }
public void x() { ... synchronized (lock) { } ... }
public void y() { ... synchronized (this) { } ... }
}
MyClass m = new MyClass();
m.add(); // oAuMH NOTOK Hayan BbINONHATbL m.add()
// ppyrvme noToKnM He MOryT Bbi3BaTb m.add(), m.rem()
// N BOWTN B CUHXPOHU3UpPOBAHHLIM 610K BHYTpU mMeToga m.y()

¢ Mo 0O6BLEKTY, Y KOTOPOro BbI3BAaH METO/
gy
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static synchronized meTtop I/iTMO

public class MyClass {
Object lock = new Object(),
public synchronized void add() { }
public synchronized void rem() { }
public static synchronized int min() { }
public static synchronized int max() { }
public void x() { ... synchronized (lock) { } ... }
public void y() { ... synchronized (this) { } ... }
h
MyClass m = new MyClass();
MyClass.min(); // oAMH MOTOK Hayan BbIMONAHATbL min()
// ppyrve noToKWM He MOryT Bbi3BaTb min(), max()

no 06bekTy Knacca Class kiacca, y KOToporo Bbi3BaH MeTo/,
& Class<? extends MyClass> lock = m.getClass()
=’ MyClass.class
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synchronized 6nok I/iITMO

public class MyClass {
Object lock = new Object(),
public synchronized void add() { }
public synchronized void rem() { }
public static synchronized int min() { }
public static synchronized int max() { }
public void x() { ... synchronized (lock) { } ... }
public void y() { ... synchronized (this) { } ... }
h
MyClass m = new MyClass();
m.x(); // oAvH NOTOK Bouwes B 650K BHYTpn metoda X()
// Apyrue noTokKM He MOryT BOWTU B ob6onN 60K,
// CUWHXPOHMU3UPOBaHHbLIK Mo 06bLEKTY lock

¢ no napameTtpy 6noka synchronized (/110601 0GBLEKT)
e

Java 45



Mpo6nema BUAMMOCTH I/iITMO

® [IpoLeccop MOXET COXPaHATb 3HAYEHUS] NePEMEHHbIX B
NTOKa/IbHOM K3llle A1 MOBbILLEHUS NPOM3BOAUTEIbHOCTH

® Pa3Hble MOTOKN MOryT BUAETb Pa3Hble 3HAYEHUS
nepemMeHHbIX
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JMM - Java Memory Model

RAM
thread 1 thread 2 thread 3
stack (cTek) stack (cTek) stack (cTek)
local
local \ local ,\\/ / local

\
e (0 Y

&

/ITMO

CPU1

CPU2

L1
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/ITMO

[MopAaaoK BbINO/IHEHUA

® Komnunartop n JVM mMoryt onTumMmn3npoBaTb MHCTPYKLA

if (!done)
(new Thread(() -> { while (true)
while ('!'done) 1++; it++;

})).start(); // 3anycTtuncsa nepsBbin MNOTOK
// maln npoaosxaeT paboTaTb

Thread.sleep(1000);
done = true; // nepBblii NOTOK OoCTaHOBUTCA 4yepe3 1 c?

=
48



/ITMO

[MopAaaoK BbINO/IHEHUA

® Komnunartop n JVM mMoryt onTumMn3snpoBaTb MHCTPYKLNN

if (!done)
(new Thread(() -> { while (true)
while ('!'done) 1++; it++;

})).start(); // 3anycTtuncsa nepsBbin MNOTOK
// maln npoaosxaeT paboTaTb

Thread.sleep(1000);
done = true; // nepsBblii NOTOK HE ocTaHoBuUTCA 4yepe3 1 c!

=
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MopsaoK BbINONHEHUSN I/iITMO

® Komnunartop n JVM mMorytT ontumMmn3npoBaTtb Nopaaok
BbINO/THEHNA NHCTPYKLNN

a=0,b=0, x=0,y=0; (new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();

mi() { b =1; x =a; }

m2() { a=2; y=b; }

// X =2,y =72,
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MopsaoK BbINONHEHUSN I/iITMO

® Komnunartop n JVM mMorytT ontumMmn3npoBaTtb Nopaaok
BbINO/THEHNA NHCTPYKLNN

a=0,b=0, x=0,y=0; (new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();

mi() { b=1;, x=a; } // 1

m2() { a=2;, y=b; } // 2

// X =0;y=1;

&
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MopsaoK BbINONHEHUSN I/iITMO

® Komnunartop n JVM mMorytT ontumMmn3npoBaTtb Nopaaok
BbINO/THEHNA NHCTPYKLNN

a=0, b=0, X O, vy = 0; (new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();

mi() { b=1;, x=a; } // 2
m2() {a=2;, y=b; } // 1
// X =0;y=1;

// X =2,y =0;

&
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[MopAaaoK BbINO/IHEHUA

/ITMO

® Komnunartop n JVM mMorytT ontumMmn3npoBaTtb Nopaaok
BbINO/THEHNA NHCTPYKLNN

a=@0,b
mi() { b
m2() { a
// X = 0;
// X = 2;
// X = 2;
&

y
Y
r Y

0

1-
2

4

4

4

X

R oK < X

b I ]

- =

- =

O, vy = 0;
a; Y} // 2
b: } // 1 3

(new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();
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OKBUBaJIEHTHbIN KOA,?

/ITMO
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[MopAaaoK BbINO/IHEHUA

/ITMO

® Komnunartop n JVM mMorytT ontumMmn3npoBaTtb Nopaaok
BbINO/THEHNA NHCTPYKLNN

a=@0,b

-

X
y
0;
2
2

N
N
X

i i i

y
y
y

0

a
b:

4

4

4

, b
a

X

=

o

0, vy =0

1; } // 1 3
2, }y // 2

(new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();
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MopsaoK BbINONHEHUSN I/iITMO

® Komnunartop n JVM mMorytT ontumMmn3npoBaTtb Nopaaok
BbINO/THEHNA NHCTPYKLNN

=0, y=0; (new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();

QD
I
O
@y
I
o
X
I

1; } // 2
2, + // 1 3

i1
E N s NnE

KR oRr

- =
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MogudmkaTop volatile u happens-before I/iITMO

® Moaundukatop volatile — nepemeHHas MOXeT NU3MEHUTbLCA
He B TeKyLLEeM NoToke

® Onepaunun UTeHNA-3anUCK NeEPeEMeHHoON ¢ MoandonKaTopom
volatile oo/mKHbI BbINO/THATLCA 6€3 NCNOoJ/Ib30BaHUA Kalla

® [lopsaaoK onepauumn YTeHns-3anmcn nepemMeHHoun ¢
MoandoukaTopom volatile He go/mkeH MeHATbLCA — [0J/1HKHO
cobnparbca oTHoweHne «happens-before»

+ 3Ha4YeHnsa NepemMeHHbIX, BUamMmMble B NOTOKe 1 A0 3anncu
3HauyeHuna B volatile nepemMeHHyt0 Ao/mkHa 6bITb BUAHbLI B MOTOKE 2
nocsie uteHus volatile nepemeHHoN

Java 57



Java Memory Model ViTMO

® Koraa AencTBuA OAHOro NOTOKA NPU OTCYTCTBUM FTOHOK OyayT
rapaHTUpPoOBaHHO BUAUMbI APYroMy NOTOKY

= X;Y; => X happens-before Y
+ unlock(obj) happens-before next lock(obj)
+ volatile write happens-before next volatile read
+ start() happens-before ¥ action happens-before TERMINATED
+ interrupt() happens-before isinterrupted() == true
+ X happens-before Y & Y happens-before Z
=> X happens-before Z

Java 58



synchronized u volatile I/iITMO

® synchronized rapaHTUpyeT BUAMMOCTb 1 aTOMapPHOCTb

® volatile rapaHTMpyeT BUANMOCTb, HO HE rapaHTupyeT
aTOMapHOCTb

® 3anuncb B nepemMeHHsble long n double - He aTomapHas
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B3anmogeuncrteme noTokoB

/ITMO

® BapnaHT 1 — o0OLaa nepemeHHas u donar

class Block {
volatile boolean ready;
int value;

void put(int 1) {
while (ready);
synchronized(this) {

value = 1i;
ready = true;
}
}
int get() {

while (!ready);
synchronized(this) {

ready = false;

return value; aKTMBHOE
} oXuaaHue

Block g = new Block();

Thread tl = new Thread(() -> {
g.put(100);
});

Thread t2 = new Thread(() -> {
System.out.println(g.get());

1)

tl.start();
t2.start();
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B3anmogeuncrteme noTokoB

® BapuaHT 2 — walt / notify

class Block {
volatile boolean ready;
int value;

synchronized void put(int i) {

while (ready) wait();
value = 1i;
ready = true;

notifyAll();
}
synchronized int get() {
while (!ready) wait();
ready = false;
notifyAll();

return value: oxKnaanne

B ouepeau

¢}

Java

/ITMO

Block g = new Block();

Thread tl = new Thread(() -> {
g.put(100);

});

Thread t2 = new Thread(() -> {

System.out.println(g.get());
});

tl.start();
t2.start();
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B3auMogeiicTBUE NOTOKOB I/ITMO

® Metoabl wait(), notify(), notifyAll() Bbi3biBatOTCA TONBLKO nocne
3axBaTa 0/1T0KUPOBKU

® wait()
+ MOTOK NOMeLlaeTcH B ouepenb oxunagaHma (wait set) oobekra
+ MOTOK 0CBOOOXAaeT 6/IOKUPOBKY U XAOET:
= curHan notify

" NpepbiBaHME
= OKOHYaHWe BPEMEHMW OXMAaHUS

+ MNOTOK nosiyyaeT 6/10KMPOBKY 1 3aBepLuaeT metoa wait()
® notify() - BbIBOAUT U3 ovepean oxmnaaHnua oauH U3 NOTOKOB.
ﬁ)notifyAII() - BbIBOAUT N3 o4Yepean oxuaaHnsa BCe NOTOKM.

—_—
—
S
—_—
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COCTOSIHUS NOTOKA I/ZITMO

notify( vait()

waiting

terminated

=

sleeping
sleep(time

OKOHYaHue
paboTbl

start()

ancnetyepmnsaumnd

runnable

blocked

3axBar 6/10KMPOBKN oXxunaaHue 6/10KMPOBKU
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Mpo6reMbl CUHXPOHU3ALMN I/iITMO

® B3anmHasa 6nokmpoBka (deadlock) ® 3auuknmneaHue (livelock)

- ..f' f 7 \}\\
»—\J/

“No, after you, | insist...

® [onopaHue (starvation)
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HeunsMeHsiemble 06bekTbl (Immutable) I/ITMO

® HensameHseMbIl 0O bEKT — HET NPO6/1EM MHOFOMOTOYHOCTH
+ Ybparb CeTTepsl

+ Bce nong — private final
+ Bce metoabl — final

+ He COXpPaHATb CCbIJTIKN Ha USAMEHAEMbIE 06BbEKTbl —
COXPaHATb KON 0O6BbEKTOB
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nakert java.util.concurrent I/ITMO

® java.util.concurrent
* UHTepdencol Executor, Callable, Future
+ Knaccel ThreadPoolExecutor, ForkJoinPool
# KJNIACCbl- CUHXPOHU3ATOPSI
* uHTeppencel BlockingQueue, TransferQueue

+ konnekumn Concurrent m CopyOnWrite
® java.util.concurrent. locks

* uHTeppencel Lock, Condition
® java.util.concurrent.atomic

e

=’ + AtomicInteger, AtomicLong, AtomicReference 67
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NcnonHutenwu I/ITIVIO

® interface Executor
® Thread — abcTpakumsa noToka
® Executor — abcTpakuma UCnosIHUTenNs
+ void execute(Runnable task) - BbINONHUTL 3aaa4y

(new Thread(taskl)).start(); Executor executor = ...;
(new Thread(task2)).start(); executor.execute(taskl);
executor.execute(task2);
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ExecutorService, Callable, Future I/ITMO

® interface ExecutorService extends Executor
+ Future<T> submit(Callable<T> task)
+ void shutdown()  List<Runnable> shutdownNow()
+ List<Future<T>> invokeAll(Collection<Callable<T>> tasks)

® |nterface Callable<T> ® |nterface Future<T>

+ T call() " T oet)
+ boolean isDone()
+ boolean cancel()
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Mpumep I/iTMO

var s = "toFind";
var text = """very very very ...
very long text ...""";

String search(s, text) {}

ExecutorService service = ...;
Callable<String> task = () -> search(s, text);
Future<String> future service.submit(task);

// while (!future.isDone()) {
// Opyrve 3agaudu
}

& String searchResult = future.get();
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ScheduledExecutorService /ITVIO

® interface ScheduledExecutorService extends ExecutorService

+ ScheduledFuture schedule(task, delay, timeunit)
> scheduIeA}FixedRate4(task, initizil, period, timeunit)

.2 . e _ 4 _
T . i -
+ scheduleWithFixedDelay(task, initial, delay, timeunit)
R R R BRI
-

® ScheduledFuture extends Delayed. Future
+ long getDelay(timeunit)
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CompletableFuture I/iTMO

® Future - pesynbrar B Oyayllem

® CompletionStage - 3aKOHYEHHbIN 3Tar

® CompletableFuture implements Future, CompletionStage
+ Knacc ans nonyyeHus pesysibtata aCMHXPOHHOW 3aa4un

+ C BO3MOXHOCTbI KOHTPOIMPOBaTh 1 KOMOMHMPOBATb
BbINO/IHEHME 3a4aY

= thenApply, thenAccept, thenRun, thenCombilne, thenCompose
= acceptEither, ..., runAfterBoth, ..., whenComplete, ...
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Mynbl NOTOKOB I/iITMO

® Co3/jaH1e NoToKa TPEOYET PECYPCOB 1 BPEMEHM
® [y N03BONSIET NOBTOPHO NCMOJ/Ib30BaTb NOTOKU
® [locTeneHHas gerpagauns Npu yBesIMYEeHNn Harpy3ku
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Knacc ThreadPoolExecutor I/ITMIO

® [TapameTpbl:
+ corePoolSize - ocHoBHOW pa3mep nyna
+ maximumPoolSize - makcumMasibHbIN pa3mMep nyna
+ keepAliveTime - Bpems XX1U3HW A0MO/THUTE/bHbIX NOTOKOB
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Knacc ThreadPoolExecutor

® /leCcTBMA O/1A NOCTynarLwmx 3aaau:
+ threads < core - HOBbIV MOTOK UK B oYepelb
+ core < threads < max - B o4epeb WUan HOBbIN MOTOK
+ threads = max - B ouepeab N OTK/IOHUTb
® Oyepeab:
+ CUHXPOHHaA - pa3mep 0
+ OrpaHunyeHHas (bounded)
+ HeorpaHuyeHas (unbounded)

/ITMO
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Knacc Executors I/ITIVIO

® Kflacc Executors — ctatndyeckme Metogbl

+ ExecutorService newSingleThreadExecutor()

+ ExecutorService newFixedThreadPool(size)
= core = max = size; keepAliveTime = 0O;

+ ExecutorService newCachedThreadPool()
= core = 0; max = max int; keepAliveTime =60 c

+ ExecutorService newWorkStealingPool()
= ForkJoinPool

¢ ExecutorService newVirtualThreadPerTaskExecutor()
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Fork/Join framework /ITVIO

® Peanunsauma napasisie/sisHoro nporpamMmmMpoBaHns
® CTtpaterua «pasnenan n snacteyn» (divide and conquer)
® Anroputm «nepexsar paboTbi» (work stealing)

ecnn (3agayva HeoGonbwasa) {
Aenaem camu
} uHaue {

Aenum Ha nopg3agayn n pasgaem gpyrum (fork)
Xaem pesynbTaTbl (MoXem nomMoyb - work stealing)
00beAnuHAEM MNONy4YeHHble pe3ynbTaTthl (join)

}

. BO3BpallaemM UTOroBbiA pe3ynbTaTt

—

—
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ForkJoin framework

® class ForkJoinPool
+ ForkJoinPool.commonPool()
+ ForkJoinTask<V> fork()
® class ForkJoinTask
+ V join()
+ V invoke(ForkJoinTask<V>)
+ invokeAll(ForkJoinTask... tasks)

+ class RecursiveAction extends ForkJoinTask
= abstract void compute()

+ class RecursiveTask extends ForkJoinTask
(( abstract V compute()

/ITMO
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Mpumep

/ITMO

int[] arr = {0, , 33554431} ;
public class DoubleTask { DoubleTask dt =
final int[] array; new DoubleTask(arr, O, arr.length — 1);
final int 1lo, hi; ForkJoinPool pool = ForkJoinPool.commonPool();
final static int SIZE = 10; pool.invoke(dt);

DoubleTask(int[] array, int 1lo, int hi) {
this.array = array; this.lo = lo, this.hi = hi,;

}

protected void compute() {
if ((hi — lo) < SIZE) {
for (int 1 = lo; 1 < hi; i++) array[i] *= 2;
} else {
int mid = (lo + hi) / 2;

DoubleTask dtl = new DoubleTask(array, lo, mid);
DoubleTask dt2 = new DoubleTask(array, mid, hi);

invokeAll(dt1, dt2);

79



Spliterators (Stream API) I/iTMO

® [/[Tepartop A9 KOHBENEPOB

® Spliterator trySplit() - otgaTb YacTb 3/IEMEHTOB APYromy
® poolean tryAdvance() - obpaboTtarb ouepeaHon 31eMEHT
® void forEachRemaining() - obpaboTarb TO, YTO OCTa/10Cb
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Parallel Streams ViTVIO

® Stream
= parallel() - npeobpasoBartb B napasiesibHbI BapuaHT
+ .parallelStream() - 3anycTuTb cpasy napasniesibHo
® BHyTpW napassiefNibHble CTPUMbI UCNOMb3YT ForkJoinPool

81



NHTepdelickbl Lock 1 Condition I/iITMO

® nterface Lock — ® interface Condition —
aHanor synchronized aHanor wait-notify
+ lock() + await()
+ unlock() + signal()
+ tryLock() + signalAll()

= tryLock(long time)
+ lockInterruptibly()
+ Condition newCondition()
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knacc ReentrantLock I/ITIVIO

® class ReentrantLock implements Lock

boolean right = rightFork.tryLock();
try {
if (right) {
boolean left = leftFork.tryLock();

try {
if (left) {
eat();
}
} finally { leftFork.unlock(); }
}
} finally { rightFork.unlock(); }

q

e
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ReadWriteLock | ReentrantReadWriteLock  I/ITIVIO

® Interface ReadWriteLock

+ Lock readLock()

= po3BpaulaeT Lock ona onepaunt YteHUA (MHOXECTBEHHbIN
A0CTyn)
+ Lock writeLock()
= Bo3Bpallaet Lock ans onepauumin 3anmcu (610KNPYHOLLIMIA AOCTY)

® class ReentrantReadWriteLock
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NuTepdeiic Condition I/iTMO

Lock lock = new ReentrantLock();
Condition notFull = lock.newCondition();
Condition notEmpty = lock.newCondition();
int[] values = new int[100];

int count = 0;

public void put(int 1) { public int get() {

lock. lock(); lock. lock();
try { try {
while(count == while(count == 0)

values. length) { notEmpty.await(); }

{ notFull.await(); } notFull.signal();
values[count++] = 1; return values[--count];
notEmpty.signal(); } finally { lock.unlock(); }

} finally { lock.unlock(); } }
i}
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Knacc Semaphore ViTMIO

® YrnpaB/ideT HECKOMbKUMW pa3peLleHnamMn Ha AoCTyn
® Semaphore(int permits, boolean fair)
® KaXkabI/ NOTOK:

+ MoJlyvyaeT paspelleHune - semaphore.acquire()
= while (permits == 0) wait; permits--;

+ BO3BpaLllaeT pa3peweHune - semaphore.release()
= permits++;
® Semaphore(l) - 6uHapHbIN cemadhop (mutex)

S,
—_
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Knacc CountDownLatch

® OTKpbIBAET AOCTYN Nocsie 06paTrHOro oTcyeta
® CountDownLatch(int count)
® KaXkabI/ NOTOK:

+ M3BeLlaeT 0 cobbiTuM - latch.countDown()
= count--;

+ XKOET pa3pelleHuns - latch.await() :: void
= while (count > @) wait;

/ITMO
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Knacc CyclicBarrier

® CUHXpOoHM3aLua rpynrbl NOTOKOB
® CyclicBarrier(int parties, Runnable task)
® Kaxkabl MNOTOK:

+ XOET oCcTasibHbIX - barrier.await() :: int// --parties
= if (parties > 0) wait;

+ MNOc/eHUN NOTOK OTKpbIBaeT 6apbep - notifyAll
= Niepen OTKPbITUEM BbINOMHAET 3adauy - task.run()

+ cOpoc bapbepa - barrier.reset()

y + bapbep moxeT cnomaTtbcea - BrokenBarrierException

/ITMO
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Knacc Phaser /ITVIO

® YHnBepCaslbHbIN bapbep-3aLlesika
® Phaser(Phaser parent, int parties)

+ phase = 0 (HomMep pasbl, BO3BpaLlaeTca MeToaammn)
® [lencTBUA MNOTOKOB:

+ register() - perncrpauus

< arrive() - npnbbiTHE

= arriveAndDeregister() - 1 oTMeHa perucrpauum
= arriveAndAwaitAdvance() - n oxnaaHue octasibHbIX

+ BCe Npuobinun - phase++ n noexanun gasblue

S,
—
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Knacc Exchanger<V>

® 2 NoToKa CUHXPOHHO MEHAKTCA 06beKkTamMu
® Exchanger()
® [1OTOKM:

+ 06bMeH no rotoBHOCTK - V exchange(V obj)

/ITMO
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nakeT java.util.concurrent.atomic I/ITMO

® ATOMapHas onepaunsa — onepawuus, BbINnosHAWLLascs 6e3
MPOMEXYTOUHbIX COCTOSTHUIA.

® ATOMaprIe onepaunn He Bbl3bIBAOT COCTOAHNE TOHOK

® onepaunn YTEHUSA-3anncu CCbIJIOK U NPUMUTUBHLIX TUMNOB (Kpome long
n double) — aTomapHsbie

® [lakeT java.util.concurrent.atomic class Count {
_ _ AtomicInteger counter =
+ Atomiclnteger, AtomicLong, new AtomicInteger(0);
_ _ public void up() {
+ AtomicBoolean, AtomicReference counter.incrementAndGet();
. : }
+ AtomiclintegerArray public void down() {
ter.d tAndGet();
p + LongAccumulator, DoubleAccumulator } counter. decrementAndGet ()
¢
=’ + LongAdder, DoubleAdder }
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nakeTt java.util.concurrent.atomic

e AtomicInteger
+ get — ananoruteHus volatile nepemerHo
+ set — aHanor 3anucum volatile nepemeHHoM
+ incrementAndGet ()
+ getAndIncrement ()
+ addAndGet (int delta)
+ getAndAdd(int delta)

+ getAndSet(int newValue)
ke CAS = Compare-And-Swap

/ITMO
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Compare-and-Swap I/iTMO

class CAS {
int value;
synchronized int get() { return value; }
synchronized int cas(int expected, int updated) {
int old = value;
1f (old == expected) {
value = updated;

return old; CAS x = new CAS();

¥ int increment() {
¥ int v = x.get();
while (x.cas(v, v+1) != v) {
v = x.get();

return v+1;

& }
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Bnokupytolme odepean I/iTMO

® ynutepdoencol BlockingQueue / BlockingDeque
® Onepaynm
+ cTaHpapTHble: add(e)/remove/element ; offer(e)/poll/peek
+ onokupytowme: put(e) / take
+ C TavmayTtowm: offer (e, time. unit) / poll (time, unit)
+ ana BlockingDeque: putFirst, putLast, takeFirst, takeLast
® [1pyMeHeHne:
+ Producer-Consumer
+ OOMeH coo0LeHNnaMun
+ [1ynibl NOTOKOB

s,
—

Java 94



Bnokupytolme odepean I/iTMO

® Peannsaunm

+ ArrayBlockingQueue - orpaHnyeHHas oyepeilb

+ LinkedBlockingQueue - onunoHanbLHO orpaHnyeHHasa ovepeab
+ LinkedBlockingDeque - onuMoHa/ibHO orpaHnyeHHasa odyepeab
+ PriorityBlockingQueue - HeorpaHuyeHHasi ¢ NpUoOpPUTETOM

+ DelayQueue<E extends Delayed> — fgoctyn c 3agep»XKou

+ SynchronousQueue — CMHXpPOHHOE f0baBneHne-noyyYeHne
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Bbnokupyrouime ouepean

® TransferQueue extends BlockingQueue
+ transfer(E) — pgoXxaarbca NonyyeHusa afieMeHTa
® peasnin3aumna LinkedTransferQueue

/ITMO
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KOHKYpPEeHTHbIe KOMNMeKunn ViTMO

® CHHXPOHU3NPOBAHHbIE KOMEKLUN — WUCMOMb3YIOT B/TI0KNPOBKU

® KOHKYPEHTHbIE KOI1EKLUMN — ONTUMU3NPOBAHHbIE a/ITOPUTMbI /11 MHOTOMNOTOYHOM
PaboThbl

® ConcurrentMap / ConcurrentNavigableMap
+ aToMapHble onepauynn — metoabl putlifAbsent, remove, replace
+ ConcurrentHashMap,
+ ConcurrentSkipListMap, ConcurrentSkipListSet
® ConcurrentLinkedQueue
+ NoToKkob6e3onacHas ouepe/b
® CopyOnWriteArrayList / CopyOnWriteArraySet
+ onepauumn, NsmMeHsLne Konnekym, co3garoT HOBYHO KOMMUIO.
2 + onepaunn YTeHus, a Takxe nTeparopbl NPOAo/HKAKT padboTaTb CO CTapPOM KOMNUEN.
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ConcurrentMap ViTMIO

® Map c rapaHTuein NnoTokob6e3onacHOCTU N aTOMaPHOCTY

® + 1e/AICTBUS B NOTOKE nepesl nomMeleHnem oobekta B Map
"happen-before" nencTBni nocne NonyyYyeHnusa atoro oovekra
B [1pyrOM NOTOKeE.

® MeToab!
+ getOrDefault(key, defaultValue)
+ forEach(BiConsumer<K, V> action)
+ compute(key, BiFunction<K, V, V> function)
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CueTunk Ha ocHoBe ConcurrentHashMap

/ITMO

var counter = ConcurrentHashMap<String, LongAdder>();

counter.computeIfAbsent(key, k -> new
LongAdder()).increment();
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MMpnMmeHeHUA

® java.nio — acuMHXpPOHHbIEe KaHasbl — Future<V>
® java.util.stream — Spliterator, parallelStream()
® flabbl

= 7 - 06paboTKa 3arnpocoB Ha cepsepe

+ 8 - aHnmaumna B GUI

/ITMO
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