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cnonb3oBaHWe AaThbl U BpeMeH! I/ITMO

® [lata N Bpema — 2 BapuaHTa npeacraBneHuns:
+ YesioBeueckoe BpeMS — 4acbl, MUHYTbI, OHW, HeAenn, Mecsaubl

+ MallnHHOoe BpemMa — MUNJTINCEKYHAbI OT TOYKM OTCcUETa
= EPOCH - 1 anBapa 1970 roga, 00:00:00 (Java, UNIX)
= Windows - 1 aHuBapa 1601 roga

+ Y2K problem (2000)

+ Y 2038 problem
= 19-01-2038 03:14:07 + 1 sec = 13-12-1901 20:45:52



TpaauLMOHHbIe Knacchl. Date I/iITMO

® Date 1.0 ® Date 1.1
* BCe OeNcTBus c gartou * TO/IbKO MOMEHT BPEMEHU
* yeqjoBeyeckoe m MalllMHHoe * MO4YTK BCe MeToabl - deprecated
npeagcrtaBsieHne

* (popmaTmpoBaHue gatbl

® KOHCTPYKTOPbI ® MeToAabl
+ Date + long getTime()
+ Date(long) * pboolean after(Date)

+ boolean before(Date)



TimeZone /ITMO

® BpemeHHas 30Ha — CcMelleHne oT CTaHO4apTHOrO:
® no 1972 ropga - NpuHeu4y (GMT)
® nocne 1972 — UTC — BCcemMnpHoe KoopaAnHMpPOBaHHOE
® MeToapbl
* getDefault()
* getAvailablelDs()
* getRawOffset() - cmelleHne 6e3 yyeTa JIETHEro BpeMeHu
* getOffset(long date) — ¢ y4eTOM NNETHEITO BPEMEHMU
; Knacc SimpleTimeZone — peanin3oBaHHbI MOTOMOK
S,
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Calendar /ITMO

® ABGCTpakTHbIN KflacC — MallMHHOE « YesioBeyeckoe
* Calendar getlnstance()
* add(int field, int amount);
* roll(int field, int amount);
* set(int field, int value);
* Date getTime()
* setTime(Date)
® knacc GregorianCalendar
. * coyeTaet 2 KaneHaapsa (rpuropraHcKnm 1 LANaHCKUn)
S,
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Date/Time API - HOBble Knacchl I/ITMO

® java.time - garta, Bpemsi, nepunojbl

+ |nstant, Duration, Period, LocalDate, LocalTime,
LocalDateTime, OffsetTime, OffsetDateTime, ZonedDateTime

java.time.chrono - KasieHgapHbIe CUCTEMDbI

java.time.format - gopopmartmpoBaHmne aartbl U BPpEMEHN
java.time.temporal - eaAnHNLbI N3MePEHNA U OTAE/IbHble NoA
java.time.zone - BpeMeHHble 30Hbl 1 npaBuna




AHn Hegenn n mecsiubl (enums) ViTMO

® enum DayOfWeek (1 (MONDAY) — 7 (SUNDAY))

® enum Month (1 (JANUARY) — 12 (DECEMBER))

® metoa getDisplayName(style, locale)

® ctunb — FULL, NARROW, SHORT / STANDALONE



[MpeagctaBneHue gatbl U BpeMeHU

® Year

® YearMonth

® \Mont
® | oca
® | oca
® | oca

nDay
Date
Time

DateTime

/ITMO



CornawieHusi No UMeHam MeTol0B I/ITMO

® CTtatndyeckue

+ of — co3gaeT 3k3eMnigp Ha OCHOBE BXOHbIX NapamMeTpoB
= LocalDate.of(year, month, day), ofYearDay(year, dayOfYear)

+ from — KOHBEPTUPYET 3K3eMNIAP U3 APYyroro Tmna
= | ocalDate.from(LocalDateTime)

+ parse — co3gaeT 3IK3eMnaAap 13 CTPOKOBOro npeactaBneHus
= | ocalDate.parse("2022-02-22")



CornawieHusi No UMeHam MeTol0B I/ITMO

® MeToabl aK3emniapa
+ format — gpopmaTmpyeT 06HLEKT B CTPOKY
+ get — Bo3Bpallaet nosid oobekTta // getHours()
+ with — Bo3BpaLlaeT Konuo ¢ n3ameHeHnem // withYear(2021)
+ plus — Bo3BpaLlaeT Konuto ¢ gobasneHnem // plusDays(2)
+ minus — Bo3BpaLlaeT konuto ¢ yéasneHnem // minusWeeks(3)
+ {0 — npeobpasyet 06bLEKT B Apyron tun // toLocalTime()
+ at — KOMOMHMpPYET 00BbEKT ¢ Apyrim // date.atTime(time)
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BpemeHHasi 30Ha ViTMO

® Zoneld — naeHTUgnKaTop 30HbI
+ Europe/Moscow

® /oneOffset — pa3HuLla co cTaHAAPTHLIM BPpEMEHeM
+ UTC+01:00, GMT-2

® OffsetTime = LocalTime + ZoneOffset

e OffsetDateTime = LocalDateTime + ZoneOffset

® /onedDateTime = LocalDateTime + Zoneld
+ 1MCcnonb3yeT java.time.zone.ZoneRules

11



Koraa ucnonb3oBaTb Knacchbl I/ITMO

® YearMonth - cpok genctBuss 6aHKOBCKOW KapThl

® MonthDay - npasgHuKu

® | ocalDateTime - mecTHOe BpeMS

® OffsetDateTime - 30Ha/IbHOe BpeMs (Beb, 6a3bl AaHHbIX)
® ZonedDateTime - 30Ha/IbHOE BPEMS C YYETOM KOPPEKLINM
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MoOMeHT BpeMeH!

® Knacc Instant (timestamp)

+ now()

+ plusNanos()

+ plusMillis()

+ plusSeconds()
+ minusNanos()

+ minusMillis()

+ minusSeconds()

/ITMO
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Pa36op 1 chopmaTupoBaHue I/iTMO

® java.time.format.DateTimeFormatter

* KOHCTaHTbl dpopmara:
" BASIC_ISO_DATE (‘20240229
" |ISO_LOCAL_DATE ('2024-02-29')
" ISO _ZONED DATETIME ('2024-02-29T18:15:30+03:00[Europe/Moscow]'’)
" RFC_1123 DATE_TIME (‘'Thu, 29 Feb 2024 18:15:30 GMT+3))

* JIoKasim3oBaHHble chopmarsl
" ofLocalizedDateTime(dateStyle, timeStyle)
" ctunb (FULL, LONG, MEDIUM, SHORT)

* WwabnoH
" ofPattern()

* meTtoabl format() n parse()

14



Mepuopbl AaTbl U BPEMEHM ViTMO

® Duration — NpoAo/MKNTENBHOCTb B Yacax U MeHee

+ toNanos(), toMillis(), toSeconds(), toMinutes(), toHours(),
toDays()

® Period — nepuon B AHAX 1 bonee
+ getDays(), getMonths(), getYears()

® between()

® plus

® minus

S,
—

Java 15



Ctapble 1 HOoBble K/accChbl

® CootBeTcTBUS:
* java.util. Date — java.time.Instant
* java.util.GregorianCalendar — java.time.ZonedDateTime
* java.util. TimeZone — Zoneld, ZoneOffset
® Metoap!:
* Calendar.tolnstant()
* GregorianCalendar.toZonedDateTime()
* GregorianCalendar.fromZonedDateTime()
* Date.fromInstant()
* Date.tolnstant()
¢ * TimeZone.toZoneld()

/ITMO
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Mpumepbl

var
var
var

var

var

var
var

datel
date?2
date3

dateTimel
dateTime?2

zoneld =

LocalDate.of (2024, 03, 27);
LocalDate.parse("2024-04-27");
LocalDate.now()

.with(TemporalAdjusters.firstDayOfMonth());

LocalDateTime.now();
dateTimel.minusHours(2).plusMinutes(30);

Zoneld.of ("Europe/Moscow");

zonedDateTime = ZonedDateTime.of(dateTime, zoneld);

period =
duration

Period.between(datel, date2?);
= Duration.between(dateTimel, dateTime2);

/ITMO
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TepmuHonorus ViTVIO

MOTOK

Thread Stream
napasnesibHoO nocnepoBartesibHO 2

Multi-threading /O Stream Stream API
NOTOK BbIMNOJ/IHEHUA | |NOTOK BBOAA-BbIBOAA| [ NMOTOK 3/1eMEeHTOB

i -

|
7]

-

;“:_—7—_::} N =

S,
—
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YnpaBneHue 3agadamu I/iTMO

1
® OgHa 3aa4va

® OAuH npoLeccop

———



YnpaBneHue 3agayamu I/iTMO

e OVH npoLeccop
® /IBe 3agayn
® [locnepoBaTtennbHOE NCNO/THEHNE

® [IpocToe ynpaBneHue




YnpaBneHue 3agayamu I/iTMO

® /IBa npoueccopa ‘ C|1°U \ C';U

® /IBe 3aaa4u
® [lapannenbHoe NcnosiHeHue
® Hosiee C/I0XKHOe yrnpaB/ieHue

A= ————
o ———



YnpaBneHue 3agadyamu

® [1Ba npoLieccopa

® J1Be 3aga4yu

® [TapannenbHoOe UCNOSIHEHUE
® Hbonee cnoXHoe ynpasneHue
® MeHbLUe 3aTpaTbl BpEMEHU

/ITMO

CPU
1

CPU
2

4_____

4_____



YnpaBneHue 3agayamu I/iTMO

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

® [lapannenbHoe ncnosiHeHue
® BLicokass npoun3BOoANTE/IbHOCTb

— - -



YnpaBneHue 3agadyamu

® OAMH npoueccop ‘C':U \ o,
® OgHa 3agava

® BBO/1-BbIBOA
® []poueccop npocrtamBaeT ———

———



YnpaBneHue 3agadyamu

® OaVH npoueccop

® /IBe 3agaumn

® BBOA-BbIBO/,

® [Ipoueccop npoctamBaet




YnpaBneHue 3agadyamu

® /IBa npoueccopa

® /IBe 3agaumn

® BBOA-BbIBO/,

® [lpoueccop npocTtamBaeT
® 3aHATOCTb BY




YnpaBneHue 3agadyamu

® OOMH npoueccop
® /IBe 3agaumn
® BBOA-BbIBO/,

® [TpoLieccop npoctanBaet
1 3TO MOXHO UCMO/Ib30BaTh




YnpaBneHue 3agayamu I/iTMO

® OaMH Npoueccop
® /IBe 3aaa4u
® BBoAa-BbIBOA

/>
® [lepeknoyeHne KoHTekcTa — e—e

® KOHKYPEHTHOE UCMNOJIHEHNE |
® Hosiee cnoxHoe ynpaB/ieHne .




YnpaBneHue 3agadyamu

® OaVH npoueccop

® /IBe 3aaa4u

® Beoa-BbIBOA

® [lepeknoueHne KoOHTeKCcTa

® KOHKYPEHTHOE UCMNOJIHEHNE
® Hosiee cnoxHoe ynpaB/ieHne
® MeHblUe 3aTpaThl BpeMEHHU

S,
—
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YnpaBneHue 3agadyamu

® OOMH npoueccop

® \MHOro sagauy

® MHOorosagavyHocTb

® KOHKYPEHTHOE UCNOJIHEHNE




YnpaBneHue 3agadyamu

® \IHOro npoueccopos

® \MHOro sagauy

® MHOorosagavyHocTb

® KOHKYPEHTHOE UCNOJIHEHNE
® YHuMBepcasibHas Mmoaesb

/ITMO

CPU
1

CPU
2



CTpaTerum nepekoyeHns 3aaau I/iTMO

® KoornepartuBHasa MHOro3agayHoCTb
+ [106pOBO/IbLHOE NepeksityYeHne B YA0OHbIN MOMEHT

+ Ecnu 3agava He Aenntcsa pecypcamm — Apyrne ctpagaroT
® BhiTecHAOWass MHOro3aa4yHoCTb

+ 3ajayun nepeksoyaeTt gucnetyep

= [lepeksioyeHne B NPon3BoibHbIE MOMEHTHI
+ Heobxo4uMOo CoXpaHeHMs COCTOAHNS

+ Heobxogumo cornacosaHue gocTyna



Mpouecchbl U NOTOKN I/iITMO

® Mpouecc ® Notok (thread)
* oTAeNibHOE NMPUIOXeEHNe * paboTaeT BHYTpuM npouecca
* CBOW pecypchbl U NamsTb * 0bLme pecypcbl 1 NaMATb
* NOMAroe rnepeknyeHne * BbICTPOE NEepPEK/YEHNE
KOHTEKCTa KOHTEeKCTa
® MHorozagayHocTb ® MHOronoToyHoCTb
\ | ‘
NPOLIECC [OaHHble HOT?K
NMOTOK
npoLecc " [OaHHble
HOT?K
¢ npouecc AaHHble ”0T?K
¢ |
g




CpeactBa Ana napassienibHOM oopadoTKK

® AnnapaTHble
+ MHOronpoueccopHOCTb
+ MHOrosaaepHoOCTb
+ MHOronoTo4YHOCTb Ha YPOBHE npoLeccopa
® [lporpaMmMHbIe
+ MHorosagayHocCTb
+ MHOronoTo4yHocTb Ha ypoBHe aapa OC
+ MHOronoTo4YHOCTbL Ha MoJIb30BaTE/IbCKOM YPOBHE

SITIIO



BapuaHTbl MHOrOMOTOUYHO 06Pa6OTKN /I TMIO

® pacnapasiiennBaHue ® KOHBelepHas obpaboTka
+ 06pabOoTUMK BbINOSHAET + 06pabOoTUMK BbINOSHAET
BCe 3Tarbl OAHOWN 3ada4u OIMH 3Tan Bcex 3aaad
1 1 1 1] I
¢ ; ¢ =
2 2 2 2] 5
| } I = i
3
3 3 3 3
¢ ?
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Notoku B JVM

® C/ACTEMHbLIE
+ OCHOBHOW NMoToK JVM
+ cOopLUMK Mycopa
+ rnepuognyeckne sagadu
+ NOTOK JIT-komnunnauum

/ITMO

® NpuknagHble
+ OCHOBHOM NOTOK (Mmain)
+ CcO3AaHHble NPOorpamMmmMHO

38



Peanusauua notokoB B Java

® NOTOKM Java : notoku OC

® 1.0 -Green Threads - N:1

® 1.3 + - Platform (Native) Threads - 1:1
e 21+ - Virtual Threads - N:M

/ITMO
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NHTepdenc Runnable

® HTepdenc Runnable — 3agava
+ run()
+ 3aBepLiaeTca run() — 3aBepluaeTcd 3agaya

/ITMO
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Knacc Thread

® HTepdenc Runnable — 3apava
+ run() - kog 3agaun
+ 3aBepluaeTcd run() — 3aBepLuaeTca 3ajaya
® knacc Thread — ncnonHnTens
+ start() - 3anyck 3agaym B OTAENbHOM MOTOKE
+ BO3BpAarT B OCHOBHOW NOTOK 6e3 oXxunaaHus
+ COOCTBEHHbIN CTEK BbI30BOB

/ITMO
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Knacc Thread /ITVIO

® HTepdenc Runnable — 3apava
+ run() - ko4 3a4aun
+ 3aBepLliaeTca run() — 3aBepluaeTcd 3agaya

® knacc Thread implements Runnable — vcnonHutens
+ start() - 3anyck 3aga4n B 0TAENLHOM MOTOKE

* BO3BPAT B OCHOBHOW MOTOK 6€3 0XNAaHNS
+ COOCTBEHHbIN CTEK BbI3OBOB

42



Knacc Thread /ITVIO

® HTepdenc Runnable — 3apava
+ run() - Kog, 3agaum
+ 3aBepluaeTcd run() — 3aBepLuaeTca 3ajaya
® knacc Thread implements Runnable — ncnonHutens
+ start() - 3anyck 3agayv B oT4e/1bHOM MOTOKe
+ BO3BpaT B OCHOBHOW NOTOK 6€3 o)XnaaHus

+ COOCTBEHHbIN CTEK BbI3OBOB

; A ecnu Bbi3BaTtb Thread.run() ?
S,
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Co3paHue NnoToka

class Task implements Runnable {

/ITMO

®3ana4ya - Runnable

44



Co3paHue NnoToka

class Task implements Runnable {

public void run() {
/* Teno notoka */

}
}

/ITMO

®3ana4ya - Runnable
e Ko 3a4a4u - run()

45



Co3faHue NnoToka I/ITMO

class Task implements Runnable { ‘3a,£l,a‘—la - Runnable

public void run() {

/* Teno notoka */ .K()ﬂI 3a,£I,aLII/I = I’un()
}

} ®MNOTOK - Thread

new Thread(new Task())

46



Co3faHue NnoToka I/ITMO

class Task implements Runnable { ‘3a,£l,a‘—la - Runnable

public void run() {

/* Teno notoka */ .K().ﬂl Saﬂ,aLII/I = I’un()
}

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

47



Knacc Thread u nHtepdeiic Runnable ViTMIO

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

48



Knacc Thread u nHtepdeiic 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(),

49



COCTOSIHUS NOTOKA I/ZITMO

terminated

OKOH4YaHue
paboThl

Java 50



CoOCTOSSHUA NOTOKAa

/ITMO

terminated

OKOH4YaHue

start()

paboThl

aucnetyepusauns
ready

runnable

51



MeToabl NOTOKA ViTMIO

® static Thread.currentThread()

® getiD()

® getName() / setName()

® getPriority / setPriority()

® getState()

® sAlive()

® ;sDaemon() / setDaemon() - 40 BbI3oBa start()

s,
—
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YnpasneHue BbINOMHEHNEM NOTOKOB I/ITMO

® Thread.sleep(long millis) // cnaTb
e t.join() // %paTb 3aBepuweHunda t u npopon¥xuTtb paboTy

e yield() // paTb BbLIMNOJIHATLCA OPYrMM MNOTOKaM
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COCTOSIHUS NOTOKA I/ZITMO

terminated
sleeping

sleep(time)

OKOH4YaHue
paboThl

start()

auncnetryepumsauuna

runnable

Java 54



MpepbiBaHKe NOTOKA I/iITMO

® t.interrupt() - ycTaHaBMBaeT o/iar npepbiBaHNsA NOTOKa t

+ MpoBepkKa pnara
= Thread.interrupted() - co copocom hnara
= isinterrupted() - 6e3 copoca donara

+ donar MOXHO UrHOPMpPOBaTb

® MeToabl sleep, join, walit 6pocatoT InterruptedException
+ MOXXHO 06paboTarb B 6/10Ke catch
+ MOXXHO NpPoBpPOCUTL

55



3aBeplueHne NOTOKOB I/iTMO

® 3aBeplueHne meToaa run()

® rpepbiBaHMe ¢ nomoulbio interrupt() n 3aBepLueHme run()

* metoabtFhread-stopO-+suspend(-/+resume

® phiktoveHne JVM (System.exit() / Ctrl-C)
+ XyKu - Runtime.getRuntime().addShutdownHook (Thread hook)
+ NeMOHbI - setDaemon(true); start()

56



MpuMmep pa6oTbl MOTOKOB I/iTMO

public class ThreadTest {

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

ti
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; 1< 10; i++) {
(new Thread(r)).start();

57



Pe3ynbrat paGoThl

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

started
started
started
started
started
started
started
started
started
started

/ITMO
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Pe3ynbTraTt 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

® [lapannenbHoe BbINO/IHEHNE E> HeaepMmHMpPoBaHHOCTb
3
Java 59



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 L1

Java 60



'OHKUM (race condition)

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

}

/ITMO
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'OHKUM (race condition)

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

}

/ITMO

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

62



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();

++ --

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

Java 63



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(),

++ Y --
He aToOMapHbIe

e 4 =

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

Java 64



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();
noTtok 1 counter NOTOK 2
load counter (0) 0]
add 1 (1) 0 ++ ==
. — . 1) load counter
store counter 2) add 1 (sub 1)
w load counter (1) 3) store counter

¢ 1 sub 1 (0)
0

store counter (0)
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'OHKUM (race condition)

class Shared {

int counter = 1;
void up() { counter++; }
void down() { counter--; }
}
noTtok 1 counter
load counter (0)* (0]
4'
- 0
0
‘i
d add 1 (1) -1
= store counter (1 1
Java

/ITMO

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

\J

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

66



OCHOBHasl NPo6/1eMa MHOTONMOTOYHOCTY I/ITMO

® COBMECTHbIe nsameHdaemble aaHHble (shared mutable data)

+ bosiee 0IHOro NOTOKa UMEKT AO0CTYMN K 06LIEN NepeMEHHON
+ [1o kpanHen Mepe OAMH NOTOK BbINO/IHAET 3aN1Ch

67



OCHOBHasl NPo6/1eMa MHOTONMOTOYHOCTY I/ITMO

® CoBMecCTHble nameHgemble gaHHble (shared mutable data)

+ bosiee ogHOro NOToKa UMeKT AOCTYN K 00LLen nepeMeHHOoM
= [No KpalriHell Mepe OAH NOTOK BbIMOJTHAET 3aMuchb
® PelleHus Npoo6eMbl
+ OTCTYTCTBME COBMECTHbIX JaHHbIX - IOKa/IbHble AaHHble
+ HEen3MeHdAeMOCTb AaHHbIX - immutability
+ CUHXpPOHN3auusa

Java 68



PellueHue Npo6iembl ViTMO

® CoBMecCTHble nameHgemble gaHHble (shared mutable data)

+ Bonee o4HOro NOToKa MMEKT AOCTYN K 06LLen NnepemMeHHON
= [No KpalriHell Mepe OAH NOTOK BbIMOJTHAET 3aMuchb
® PelleHus Npoo6eMbl
+ OTCTYTCTBME COBMECTHbIX AaHHbIX - IOKa/IbHbIE AaHHble
+ HEen3MeHdAeMOCTb AaHHbIX - immutability
* CUHXPOHMU3aLus
* O[HOMOTOYHOCTb
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KpuTuueckas cekuus I/iITMO

class Shared { KPUTUYECKAS CEKLMSA |
int counter = 1;
void up() { counter++;
void down() { counter--; } Shared sh = new Shared(); (
} new Thread(sh::up)).start();
new Thread(sh::down)).start();
noTtok 1 counter NnoToK 2
load counter (0)* (0]
- 0 load counter (0) cC++ C--
1) load counter
0 sub 1 (-1) 2) add 1 (sub 1)
‘i store counter (-1) 3) store counter
¢ add 1 (1) R /
=’ store counter (1 1
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CUHXPOHU3ALUS I/iTMO

class Shared {
int counter = 1;
synchronized void up() { counter++; }
synchronized void down() { counter--; }sh = new Shared(); (
} new Thread(sh::up)).start();

new Thread(sh::down)).start();
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CUHXPOHM3ALA I/iTMO

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

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

notok 1 counter NOToOK 2
load counter (0) (0]
add 1 (1) 0
store counter (1 1
/1' load counter (1)
d’ 1 sub 1 (0)
= 0 store counter (0)
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CUHXPOHU3MPOBaHHbIE METOAbI N GIOKU I/iITMO

® 3awmTa Kputndeckon cekumm (KC)

+ JTlo6o 0OBLEKT MMEET BCTPOEHHYHO 6/10KMPOBKY (intrinsic lock)
+ KC pocTynHa T0/1bKO MOTOKY C 6/10KMPOBKOM

= [1pu BXxoge B KC noTok 3abnpaeTt 6/10KMPOBKY
+ [Mpwn Bbixoge 13 KC noTok oTgaeT 6/10KMPOBKY

+ B/IOKMpOBKa peeHTepabenbHa — He B/10KUPYET cebs /
+ OcTa/lbHble NOTOKW XOYT B ovepeaun
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COCTOSIHUS NOTOKA I/ZITMO

terminated
sleeping

sleep(time)

OKOH4YaHue
paboThl

start()

auncnetryepumsauuna

runnable

3axBaT GNOKMPOBKM oXxuaaHne 6roKnpoBKu
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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)

{ }
{ 1}

-

¥
MyClass m = new MyClass(),

m.add(); // oouH NOTOK Hayan BbLINOAHATL m.add()
// Apyrme noTtokM He MOryT Bbi3BaTb m.add(), m.rem()
// N BOWTU B CUHXPOHU3UpPOBAHHLIN 610K BHYTpu mMeToga m.y()

¢ Mo OOBLEKTY, Y KOTOPOro Bbi3BaH METO/,
ey
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synchronized 6510k 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)

{ 1}
{ }

-

¥
MyClass m = new MyClass(),

m.x(); // oguH MoTOK Bowen B 670K BHYTpu mMetoda X()
// Apyrme noTtokM He MOryT BOWTKU B obon 60K,
// CUHXPOHU3NPOBaHHLIN MO 06bLEKTY Llock

¢ no napameTpy 6noka synchronized (110601 06LEKT)
e
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static synchronized meTtopn 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)

1}
1}

o

¥
MyClass m = new MyClass(),

MyClass.min(); // oAMH MOTOK Ha4an BbIMOAHATbL min()
// Apyrme noTtokuM He MOryT Bbi3BaTb min(), max()

no o6bekTy Knacca Class knacca, y KOTOporo Bbi3BaH MeTof
& Class<? extends MyClass> lock = m.getClass()
=’ MyClass.class
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Mpo6nema BUAMMOCTY I/iITMO

® [IpoLeccop MOXET COXPaHATb 3HAYEHUSA NEPEMEHHbIX B
NTOKa/IbHOM K3Lle /151 MOBbILLIEHWsS] NPOM3BOAUTE/IbHOCTH

® Pa3Hble MOTOKM MOTYT BUAETb pa3Hble 3HAYEHUS
nepeMeHHbIX
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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

heap (kyya)

Ve

&

/ITMO

CPU1

CPU2

L1
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/ITMO

[MopAanoK BbINO/IHEHUA

® Komnunartop n JVM mMoryt onTumMn3npoBaTb MHCTPYKLNN

(new Thread(() -> {
while ('done) 1++;

})).start(); // 3anycTuncsa nepsbii MOTOK
// maln npogosikaeT paboTaThb

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

=
80



/ITMO

[MopAanoK BbINO/IHEHUA

® Komnunatop n JVM mMorytT onTMumMmn3npoBatb MHCTPYKLA

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

})).start(); // 3anycTuncsa nepsbii MOTOK
// maln npogosikaeT paboTaThb

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

=
81



/ITMO

[MopAanoK BbINO/IHEHUA

® Komnunartop n JVM mMoryt onTumMn3npoBaTb MHCTPYKLNN

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

})).start(); // 3anycTuncsa nepsbii MOTOK
// maln npogosikaeT paboTaThb

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

=
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MopsAA0K BbINONHEHUSA I/iITMO

® Komnunatop n JVM mMorytT ontumMmnsmnpoBaTtb Nopaaok
BbINO/THEHNSA NHCTPYKLNN

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

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

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

// X =72,y =7?2;

Java 83



MopsAA0K BbINONHEHUSA I/iITMO

® Komnunatop n JVM mMorytT ontumMmnsmnpoBaTtb Nopaaok
BbINO/THEHNSA NHCTPYKLNN

a=0, b=0 x=0,vYy=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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[MopAanoK BbINO/IHEHUA

/ITMO

® Komnunatop n JVM mMorytT ontumMmnsmnpoBaTtb Nopaaok
BbINO/THEHNSA NHCTPYKLNN

0

1
2 u

7/

4

4

X

(ol < X

- =

- =

0, vy =0

a: } // 2
b: Y // 1

(new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();
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[MopAanoK BbINO/IHEHUA

/ITMO

® Komnunatop n JVM mMorytT ontumMmnsmnpoBaTtb Nopaaok
BbINO/THEHNSA NHCTPYKLNN

a==®0,0Db

QT

= NE

N

N

X
i nnu
N‘N (o)

y
y
y

0

1-
2

7/

4

4

X

R o < X

s NnE

- =

0, vy =0

a: } // 2
b: } // 1 3

(new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();

86



OKBUBaJIEHTHbIN KOA,?

/ITMO
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OKBUBaJIEHTHbIN KOA,?

/ITMO
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OKBUBaJIEHTHbIN KOA,?

/ITMO
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[MopAanoK BbINO/IHEHUA

/ITMO

® Komnunatop n JVM mMorytT ontumMmnsmnpoBaTtb Nopaaok
BbINO/THEHNSA NHCTPYKLNN

a==®0,0Db
mi() {
m2() {
// X = 0;
// X = 2;
// X = 2;
&

y
Y
y

0

1 n
2

7/

4

4

X

RO < X

- =

- =

- =

0, vy =0

a,; }
b, }

(new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();
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[MopAanoK BbINO/IHEHUA

/ITMO

® Komnunatop n JVM mMorytT ontumMmnsmnpoBaTtb Nopaaok
BbINO/THEHNSA NHCTPYKLNN

N
N
X

i mnnu

X

o

0, vy =0

1, }
2; }

(new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();
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[MopAanoK BbINO/IHEHUA

/ITMO

® Komnunatop n JVM mMorytT ontumMmnsmnpoBaTtb Nopaaok
BbINO/THEHNSA NHCTPYKLNN

N
N
X

i mnnu

X

o

0, vy =0

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

(new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();
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MopsAA0K BbINONHEHUSA I/iITMO

® Komnunatop n JVM mMorytT ontumMmnsmnpoBaTtb Nopaaok
BbINO/THEHNSA NHCTPYKLNN

=0, vy =20, (new Thread(() -> m1())).start();
(new Thread(() -> m2())).start();

QD
I
o
(@)
I
o
X
I

mi() { x =a; b=1; } // 2
m2() { y=b;, a=2;, } // 13
// X =0;y=1;

// X =2;,y =0;

// X =2,y =1;

// X =0; y=20;

&
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MogudhukaTop volatile u happens-before I/iITMO

® Moandukartop volatile — nepemMmeHHaa MOXET U3MEHUTbLCSH
He B TeKyLleM NnoToke

® Onepavuumn YTEHUA-3anMcu NepemMeHHon ¢ MoANIPNKATOPOM
volatile 4o/mKHbI BbINOHATLCS 6€3 NCNOJ/Ib30BaHUS K3lla
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MogudhukaTop volatile u happens-before I/iITMO

® Moandukartop volatile — nepemMmeHHaa MOXET U3MEHUTbLCSH
He B TeKyLleM NnoToke

® Onepavuumn YTEHUA-3anMcu NepemMeHHon ¢ MoANIPNKATOPOM
volatile 4o/mKHbI BbINOHATLCS 6€3 NCNOJ/Ib30BaHUS K3lla

® NMopapok onepaummn YTeHNA-3annMcu NepemMeHHoON C
MoandukaTopom volatile He go/mKeH MeHATbLCA — [0/TKHO
cobntogartbcs oTHoweHne «happens-before»

* 3HayeHnsa NnepemMeHHbIX, Buanmbie B NOTOKe 1 A0 3anucu
3HauyeHus B volatile nepemMeHHy0 ao/ikKHa 6bITb BUAHbLI B
noToke 2 nocsne 4yreHuna volatile nepemeHHoM
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Java Memory Model ViTMO

® Korga aencrema ogHOro NOToKa NpPu OTCYTCTBUM FOHOK OyayT
rapaHTUpPoOBaHHO BUAUMbI PYroMy MOTOKY

* X;Y; => X happens-before Y

* unlock(obj) happens-before next lock(obj)

* volatile write happens-before next volatile read

* start() happens-before Y action happens-before TERMINATED
+ interrupt() happens-before isinterrupted() == true

+ X happens-before Y & Y happens-before Z
=> X happens-before Z
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synchronized u volatile I/iITMO

® synchronized rapaHTupyeT BUAMMOCTb 1 aTOMapPHOCTb

® volatile rapaHTUpyeT BUAMMOCTb, HO He rapaHTupyeT
aTOMapHOCTb

® 3anunchb B nepemeHHble long u double - He aTomapHas
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B3auMogeiicTBUE NOTOKOB I/ITMO

® BapuaHT 1 — o0OLwan nepemMeHHasa v conar

class Block { Block g = new Block();
yo%atl%e boolean ready;
int value;
Thread t1 = new Thread(() -> {
void put(int i) { g.put(100);
while (ready); 1):
synchronized(this) { !
value = 1i;
}rPady==true: Thread t2 = new Thread(() -> {
System.out.println(g.get());
int aet() J });

while (!ready);
synchronized(this) {

ready = false; tl.start();

return value; akTBHoe .
oXuaaHue tZ-Start()/

}
é)}
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B3anmogeuncrtesue noTokoB

® BapuaHT 2 — wait / notify

class Block {
volatile boolean ready;
int value;

synchronized void put(int i) {
while (ready) wait();
value = 1;
ready = true;
notityAll();

synchronized int aet()
while ('ready) wai ();

ready = false;

notifyAll();

return value; gﬁﬂgg:zﬁ
$

Java

/ITMO

Block g = new Block();

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

1)

Thread t2 = new Thread(() -> {

System.out.println(g.get());
1)

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

® MeTtoabl walit(), notify(), notifyAll() BbI3bIBalOTCA TONMbKO Nocrie
3axBaTa 6/I0KUPOBKU

® walit()
* MOTOK NomMellaeTcs B ovepenb oxuagaHma (wait set) oobekra
* MOTOK OCBOOOXAaeT 6/10KUPOBKY U XAET:
" curHan notify

" npepbiBaHKe
" OKOHYaHue BpeMeHU oXngaHus
* MOTOK nosiydaeT 6/10KMPOBKY 1 3aBepLuaeT meton wait()
® notify() - BbIBOOAUT U3 ovepean oxunaaHnsa oanH U3 NOTOKOB.
é«?) notifyAll() - BbiBOOUT U3 ovepean oxuagaHns Bce NoTOKMW.

S—
—
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COCTOSIHUS NOTOKA I/ZITMO

notify(}— waiting  <—wait()

—

run()

sleeping
sleep(time

OKOH4YaHue
paboThl

start()

aucnetuepusaums

runnable

3axBaT 6/10KMPOBKU - oXxuaaHne 610KNPOBKM
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[porpammupoBaHue
2 ceMecTp
2025

MHOronoTo4yHOCTb
Java.concurrent.”



Mpo6emMbl CUHXPOHU3aLnUn

® B3anmHasa 6nokmposka (deadlock)

/ITMO

104



Mpo6ieMbl CUHXPOHU3ALUM I/iITMO

® B3anmHasa 6nokmposka (deadlock)
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Mpo6ieMbl CUHXPOHU3ALUM I/iITMO

® B3anmHasa 6nokmposka (deadlock)

® [onopaHue (starvation)

P\5
-g

O e o~
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Mpo6ieMbl CUHXPOHU3ALUM I/iITMO

® B3aumHasa 651okmposka (deadlock) ® 3auuknusaHue (livelock)

“No, after you, I insist...”

® [onopaHue (starvation)

P\5
-g

O e o~
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HeunsMmeHsiemble 06bekTbl (Immutable) I/ITMO

® HensameHseMbIl 0O bEKT — HET NPOo6/1EM MHOIOMOTOYHOCTH
+ Ybparb ceTTepsl

+ Bce nong — private final
+ Bce metoabl — final

+ He COXPaHATb CCblJ/IKM Ha USMEHAEMbIE 00BbEKTbI —
COXpPaHATb KOrMnn 0OBLEKTOB
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nakert java.util.concurrent I/ITMO

® java.util.concurrent
* uHTepdpencol Executor, Callable, Future
* Knaccol ThreadPoolExecutor, ForkJoinPool
* KNlaCCbl- CUHXPOHU3aTOPbI
* uHTepdencel BlockingQueue, TransferQueue

* konnekuun Concurrent mn CopyOnWrite
® java.util.concurrent.locks

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

¢ * AtomicInteger, AtomiclLong, AtomicReference
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NcnonHutenwu I/ITIVIO

® interface Executor
® Thread — abcTpakumsa noToka
® Executor — abcTpakumsa NCNoMHNTENS
+ void execute(Runnable task) - BbINO/IHUTL 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() * Toel)
» boolean isDone()
+ pboolean 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()) {
// Bpyrve 3ajauyu
¥

« String searchResult = future.get();
Java 112



ScheduledExecutorService ViTVIO

® interface ScheduledExecutorService extends ExecutorService

+ ScheduledFuture schedule(task, delay, timeunit)
+ scheduleAtFixedRate(task, initial, period, timeunit)

.2 . 4 Y SRR R
L e —_
+ scheduleWithFixedDelay(task, initial, delay, timeunit)
e D s
S

® ScheduledFuture extends Delayed. Future
+ long getDelay(timeunit)
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Mynbl NOTOKOB I/iITMO

® Co3/aHne NoToKa TPebYyeT PecypcoB 1 BPEMEHM
® [y NO3BONISAET NOBTOPHO NUCMO/Ib30BaTb NOTOKU
® [locTeneHHas gerpagauns npu yBesiM4eHnn Harpy3ku
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Knacc ThreadPoolExecutor I/ITMIO

® [lapameTpbl:
+ corePoolSize - ocHOBHOM pa3mep nyna
+ maximumPoolSize - MakCcMMasibHbIV pasmep nyna
+ keepAliveTime - BpemMs X1U3HN OONO/THUTE IbHbIX MNOTOKOB
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Knacc ThreadPoolExecutor

® [lencTBUA A4 NOCTynalowmnx 3anaq:
+ threads < core - HOBbIV MOTOK UK B OYEpPElb
+ core < threads < max - B ouepefib i1 HOBbIW MOTOK
+ threads = max - B ouepeb UN OTKIOHUTL
® Oyepeab:
+ CUHXPOHHasA - pasmep O
+ OrpaHuyeHHaqa (bounded)
+ HeorpaHuieHaa (unbounded)

/ITMO
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Knacc Executors I/ITIVIO

® knacc Executors — cTtaTmyeckmne MetToabl

* ExecutorService newSingleThreadExecutor()

* ExecutorService newFixedThreadPool(size)
" core = max = size; keepAliveTime = 0;

* ExecutorService newCachedThreadPool()
" core = 0; max = max Iint; keepAliveTime = 60 c

* ExecutorService newWorkStealingPool()
" ForkJoinPool

* ExecutorService newVirtualThreadPerTaskExecutor()
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Fork/Join framework /ITVIO

® Peasinzauns napassie/SisHOro nporpamMmmmpoBaHuns
® CTtpaterua «pasnenan n snactsyn» (divide and conquer)
® Anroputm «nepexsar paboTbi» (work stealing)

ecnn (3agaya HebGonbuwana) {
Aenaem camu
} uHaue {

Aenum Ha nopg3agaum u paspaem apyrum (fork)
Xaem pesynbTaTbhl (MOXeM nomoyb - work stealing)
o0beAnHAEeM MnoJlyyeHHble pe3ynbTaTbl (join)

}

_BO3Bpallaem UTOroBbiA pe3ynbTaTt

——

—
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ForkJoin framework /ITVIO

® class ForkJoinPool implements ExecutorService
* ForkJoinPool.commonPool()
* ForkJoinTask<V> submit(ForkJoinTask<V>)
* V invoke(ForkJoinTask<V>)
® class ForkJoinTask implements Future
* ForkJoinTask<V> fork()
* V join()
® class RecursiveAction extends ForkJoinTask
® abstract void compute()

® class RecursiveTask extends ForkJoinTask
abstract V compute()

S,
—
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Mpumep ViTMO

public class Task extends RecursiveAction {

final int[] array;
final int lo, hi;
final static int SIZE = 10;

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

}
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Mpumep

public class Task extends RecursiveAction {

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

}
} else {
int mid = (lo + hi) / 2;
var taskl = new Task(array, lo, mid);
var task2 = new Task(array, mid, hi);
(

taskl.fork();

task2.fork(); final int[] array;
task2.join(); final int lo, hi;
taskl.join(); final static int SIZE = 10;

} Task(int[] array, int lo, int hi) {
this.array = array;
this.lo = lo, this.hi = hi;
}

/ITMO
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Mpumep I/iTMO

public class Task extends RecursiveAction {

protected void compute() {

if ((hi — lo) < SIZE) { int[] array = {0, ... ,33554431};
for (int i = lo; 1 < hi; i++) { var task = new Task(array, 0, array.length);
array[i] *= 2; var FJPool = ForkJoinPool.commonPool();
} FJPool.invoke(task);
} else {
int mid = (lo + hi) / 2;
var taskl = new Task(array, lo, mid);
var task2 = new Task(array, mid, hi);
taskl. fork(

b

task2.fork(); final int[] array;
task2.join(); final int lo, hi;
taskl.join(); final static int SIZE = 10;

} Task(int[] array, int lo, int hi) {
this.array = array;
this.lo = lo, this.hi = hi;
}
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CompletableFuture I/iTMO

® CompletableFuture implements Future, CompletionStage
+ Knacc ana aCMHXPOHHOIO BbIMNOJTHEHMA 3a4ay
+ KOHTPO/Ib 1 KOMOUHUPOBAHME Pe3y/1bLTaToB

+ 2 Bnga metogos: doSmth(), doSmthAsync()
runAsync(Runnable), supplyAsync(Supplier)

o
® thenApply(Function)
o CompletableFuture
o

thenAccept(Consumer) .supplyAsync( () -> getResult() )
i i .thenApply( String::toUpperCase )
thenCombine(Function) .thenAccept( System.out::println );
® T get()
&
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Parallel Streams ViTVIO

® Stream

= parallel() - npeobpasoBaTb B NapasinenbHbIi BapuaHT

+ .parallelStream() - 3anycTuTb cpasy napasnenbHo
® BHyTpUW napasiiefibHble CTPUMbI UCNOMb3YIOT ForkJoinPool
® 3apaHee N3BECTHbIN pa3Mep 1 NPON3BOJIbHbLIN AOCTYN

+ Stream.range(), Arrays.stream(), ArrayList.stream()
e map(), filter(), unordered(), findAny(), forEach()

S,
—
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Spliterators (Stream API) I/iTMO

® [/ITepartop 4S9 KOHBENEPOB

+ pboolean tryAdvance(Consumer action) - oopaboTarb 3/IEMEHT
= false, ecnun afieMeHTbl 3aKOHUYU/TUCH

+ Spliterator trySplit() - otgatbe YacTb HOBOMY Crn/iMUTepaTopy
= null, ecnn Heyero otgaBaTtb

+ long estimateSize()
+ default void forEachRemaining() - obpaboTtarb 0CTaToK
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NHTepdelickbl Lock n Condition I/iTMO

® interface Lock — ® |nterface 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()

= Bo3BpaulaeT Lock ona onepaunm YteHUsa (MHOXECTBEHHbIN
HebGNOKMPYOLLWIA AOCTYN)

+ Lock writeLock()
= Bo3BpaLllaeT Lock ana onepaumn 3anmcu (6/10KMPYHOLMIA AOCTYN)
® class ReentrantReadWriteLock
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NuTepdelic Condition I/iITMO

Lock lock = new ReentrantLock();
Condition notFull = lock.newCondition();
Condition notEmpty = lock.newCondition();
int[] values = new 1nt[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++] = 1i; return values|[--count];
notEmpty.signal(); } finally { lock.unlock(); }

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

® YnpaB/ideT HECKOMbKMMW pa3peLleHnamm Ha A0CTyn
® Semaphore(int permits, boolean fair)
® KaXabI/ NOTOK:

+ Nosly4yaeT paspelleHune - semaphore.acquire()
= while (permits == 0) wait; permits--;

+ BO3BpallaeT pa3peweHune - semaphore.release()
= permits++;
® Semaphore(1l) - buHapHbIn cemadpop (mutex)

S,
—
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Knacc CountDownLatch

® OTKpbIBAET AOCTYN NOc/ie 06paTHOro oTcyeTa
® CountDownLatch(int count)
® KaXabI/ NOTOK:

+ M3BeLaeT o cobbiTnn - latch.countDown()
= count--;

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

/ITMO
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Knacc CyclicBarrier I/iTMO

® CuHXpoHKM3auma rpynnbsl NOTOKOB
® CyclicBarrier(int parties, Runnable task)
® Kaxabln MoTOK:
* OeT oCcTasibHbIX - barrier.await() :: int // --parties
= if (parties > 0) wait;
* nocneaHuin NoToK OTKpbIBaeT bapbep - notifyAll
" nepen OTKPbITUEM BbINOJIHAET 3a4adyy - task. run()

* copoc bapbepa - barrier.reset()
+ Bapbep MmoxeT cnomaTbea - BrokenBarrierException
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Knacc Phaser

® YHuBepcasibHbIn bapbep-3allesnika
® Phaser(Phaser parent, int parties)

* phase = 0 (Homep pasbl, BO3BpaLlaeTca metogamm)
® lencTBUSA NMOTOKOB:

* register() - pernctpayms

+ arrive() - npnbbiTHe

" arriveAndDeregister() - n oTMeHa perncrtpaymu
" arriveAndAwaitAdvance() - 1 oXugaHue oCcTasibHbIX

* BCe npunbbinu - phase++ n noexanun ganblue

/ITMO
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Knacc Exchanger<V>

® 2 NoToKa CUHXPOHHO MEHAKTCA 06beKkTamMu
® Exchanger()
® []OTOKMU:

+ 06MeH no rotoBHocTU - V exchange(V obj)

/ITMO
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Bbnokupyrouwue ouepean

® nutepdvencel BlockingQueue / BlockingDeque
® Onepauun
* cTaHpapTHble: add(e)/remove/element ; offer(e)/poll/peek
* 6nokupyowme: put(e) / take
* ¢ TaimayToMm: offer (e, time, unit) / poll (time, unit)
* nns BlockingDeque: putFirst, putLast, takeFirst, takeLast
® MpumeHeHne:
* Producer-Consumer
* O6bmeH coobLeHnaMun
* T1ynbl NOTOKOB

/ITMO
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BrnokupyloLLve odepean I/iTMO

® Peannsaunm

+ ArrayBlockingQueue — orpaHuyeHHas ovepeab

+ LinkedBlockingQueue — onuuoHasIbHO orpaHuyeHHas oyepesb
+ LinkedBlockingDeque — onunoHasibHO OrpaHNYeHHbIN ek

= PriorityBlockingQueue — HeorpaHnyeHHasa + npnoputeT

+ DelayQueue<E extends Delayed> — Bbigaya C 3afepXKo

+ SynchronousQueue — CUHXPOHHOE J06aBneHne-noyyYeHme
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Bbnokupyrouwue ouepean

® interface TransferQueue extends BlockingQueue

+ transfer(E) — poxaaTtbca nosiydeHns asieMeHTa
® peannsauna LinkedTransferQueue

/ITMO
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KOHKYpPEeHTHbIe KOMeKLnn ViTMO

® CUHXPOHN3NPOBAHHbIE KONNEKL MU — NCMOMb3YHOT B/TIOKMPOBKM

® KOHKYpeHTHbIEe_KONIEeKLUUN — ONTUMU3NPOBAHHbIE a/TTOPUTMbI /15
MHOrONOTO4YHOW PaboThl

® ConcurrentMap / ConcurrentNavigableMap
* aromapHble onepaunn — metoAdbl putlfAbsent, remove, replace
* ConcurrentHashMap - yactnyHaa 6n1okMpoBka

* ConcurrentSkipListMap, ConcurrentSkipListSet - onTUMUCTUYHbIN NoaxoAa
® ConcurrentLinkedQueue

* noTtokobesonacHas oyepeb
® CopyOnWriteArrayList / CopyOnWriteArraySet

* onepauun, UsMeHsaLme Koekyuo, co3garoT HOBYHO KOMUIO.

* onepayuv YTeHus1, a Takke UTepaTopbl NPOAO/IKAOT paboTaTb CO CTapoii
Y KOMNMe.
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KOHKYpPEeHTHbIe KOMeKLnn ViTMO

® | st ® ArrayList ® CopyOnWriteArrayList

® Set ® HashSet ® CopyOnWriteArraySet

® SortedSet @ TreeSet ® ConcurrentSkipListSet

® Queue ® LinkedList ® ConcurrentLinkedQueue
® Deque ® ArrayDeque e ConcurrentLinkedDeque
® Map ® HashMap ® ConcurrentHashMap

® SortedMap @ TreeMap ® ConcurrentSkipListMap
S,
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ConcurrentMap ViTMIO

® Map c rapaHTuein noTokob6e3onacHOCTU N aTOMaPHOCTY

® + NelCTBUSA B NOTOKEe nepen nomeuleHnem obvekta B Map
"happen-before" nencTBni nocne NonyyYeHns aToro oobvekra
B [1PYrOM MOTOKeE.

® MeToAbl
+ getOrDefault(key, defaultValue)
+ forEach(BiConsumer<K, V> action)
+ compute(key, BiFunction<kK, V, V> function)
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ATOMapHble onepauum I/iTMO

® ATOMapHas onepauus — onepauusi, BbINosiHaLWascs 6e3
MPOMEXYTOUHbIX COCTOSHWIA.

® ATOMaprIe onepaunn He Bbl3biIBAKOT COCTOAHUNE TOHOK

® B JVM onepauun 4YtTeHnA-3arnmcu CCbi/1Iok n NPUMUTUBHbBIX
Tnnos (Kpome long n double) — atomapHble

® Peajin3oBaHbl Ha OCHOBE ONTUMUCTUYHOIO noaxoaa c
ncnonb3osaHnem anropmtma CAS (Compare-and-Swap)
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Compare-and-Swap I/iTMO

class fakeCAS { // cuMmynauma uHcTpykuum npoueccopa CMPXCHG
int value;
atomic int cmpxchg(int expected, int updated) {
int old = value;
if (old == expected) { value = updated; }

return old;
}
atomic int get() {
return value; var fcas = new fakeCAS();
} int increment() {
} int v;
do {
v = fcas.get();
} while (v !'= fcas.cmpxchg(v, v+1));
return v+1;

}
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MakeT java.util.concurrent.atomic

® [lakeT java.util.concurrent.atomic
+ Atomiclnteger, AtomicLong,
+ AtomicBoolean, AtomicReference
+ AtomiclntegerArray
+ LongAccumulator, DoubleAccumulator
+ LongAdder, DoubleAdder

/ITMO

143



Knacc Atomiclnteger ViTMO

e AtomicInteger
+ get — aHanor uyteHuA volatile nepemeHHoOM

+ selt — aHanor 3anucu volatile nepemeHHoM

+ incrementAndGet () class Count {

o AtomicInteger counter =

* getAndIncrement() new AtomicInteger(0);

+ addAndGet (int delta) e werkd o) 4

@ getAndAdd(int delta) y counter.incrementAndGet();

* getAndSet(int newValue) — [pvic void down() {

counter.decrementAndGet();
¢ }

=> }
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Cuetuuk ConcurrentHashMap + LongAdder |IiTMO

List<String> keys; // CnNUCOK CTPOK [O/s4 MopcyeTa
ConcurrentHashMap<String, LongAdder> counter; // cyeT4yuk
counter = new ConcurrentHashMap<>();
for (String key : keys) {

counter.computelIfAbsent(key, LongAdder::new).increment();
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MprnmMmeHeHUA

® java.nio — acuMHXpPOHHbIEe KaHasbl — Future<V>
® java.util.stream — Spliterator, parallelStream()
® N1abbl

+ 7 - 0bpaboTKa 3arnpocoB Ha cepBepe

+ 8 - aHnmauuna B GUI

/ITMO
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