JlaGopaTopHasa pabota Ne5

lIpoyeccbl u cuHxpoHu3ayus e Java

1. BBepgeHue

Jlo cux mop BO BCEX paccMaTpUBAEMbIX MPUMEPAX MOAPA3yMEBAIOCH, YTO B OAHMH MOMEHT
BPEMEHH HCIOJNHAETCS JHUIIb OHO BhIpakeHUE WM JeicTBUe. OJHAKO HAUMHAsl C CaMbIX MEPBbIX
BEepCHil, BHUpTyaldbHbIE MAaIIMHBI Java TOIAECPKUBAIOT MHOTOMOTOYHOCTh, T.€. TOJACPKKY
HECKOJIBKHUX TTOTOKOB McnofHeHus (threads) omHOBpeMEHHO.

B nmanHOI neknuu cHavaima paccMaTpPUBAIOTCS MPEUMYIIECTBa TAaKOTO IMOIXOMA, CIOCOOBI
peanu3an 1 BO3MOXKHBIE HEAOCTATKH.

3areM OMUCHIBAIOTCS 0a30BbIC KIACCHI Java, KOTOpBIE TMO3BOJSIOT 3alMycKaTh IOTOKH
WCIIOJTHEHUS U ynpaBisTh UMU. [Ipu omHOBpeMeHHOM OOpalleHu! HECKOJIbKUX MOTOKOB K OTHUM H
TEM JK€ JaHHBIM MOXKET BO3HUKHYTh CHUTYallWs, KOTJa Pe3yibTaT MporpamMmbl OyIeT 3aBHCETH OT
CIIy4aifHbIX ()aKTOPOB, TAKUX KaK BPEMEHHOE YepeJOBAHME HCIIOJHEHHUS OIepaluii HeCKOIbKUMU
MOTOKaMU. B Takol CHUTyalluu CTAHOBATCS HEOOXOMUMBIM MEXaHHU3Mbl CUHXPOHU3AIHH,
obecreunBaroIIe MOCICN0BaTENbHBIA, WM MOHOMOJBHBIN, AOCTYI. B Java sToil menu cimyxur
kitoueBoe cinoBo synchronized. IlpenBapurenbHo OyneT paccMOTpEH MHOAXOA K OpraHU3aluu
XpaHEHUs JaHHBIX B BUPTyaJlbHOMN MalluHe.

B 3axmrouenue paccmarpuBatorcs Metoasl wait(), notify(), notifyAll() kimacca Object.

2. Oowume cBegeHun

2.1 MHoronoTo4yHasi apxuTeKkTypa

Peanu3annio MHOTOIIOTOYHOM apXHUTEKTYpHI MPOILE BCETO MPEICTaBUTH ceOe A CHCTEMBI, B
KOTOPOH €CTh HECKOJBKO ILIEHTPAJbHBIX BBIYHCIUTEIBHBIX MHpPOIECCOpOB. B 3ToM ciyuae s
Ka)KJJOTO M3 HUX MOXKHO BBIICIINTH 3a/1a4dy, KOTOPYIO OH Oy/IeT BBINONHATE. B pe3ynbrare HeCKOIbKO
3aga4 OyIyT 0OCITy>KUBATHCS OJTHOBPEMEHHO.

OnHako BO3HUKAET BOIPOC — KAKUM K€ TOraa 00pa3oM 00eCIednBaeTCss MHOTOIIOTOYHOCTD B
cucTeMax C OJHHM IIEHTPAJIbHBIM MPOLIECCOPOM, KOTOPBIMA, B MPUHIUIIE, BBITOIHSIET JIUIIb OJHO
BBIUMCIIEHUE B OMH MOMEHT BpeMeHH? B Takux cucremax MpUMEHSETCs MpOolenaypa KBAaHTOBAHUS
BpeMmeHH (time-slicing). Bpems pazgensercs Ha HeOonblIne WHTEepBaibl. [lepea HauamoM KaxKaoro
WHTEpBaJIa IPUHUMACTCS pelIeHHe, KaKkoi NMEHHO MOTOK BBIITOJHEHUs OyJeT OTpadaThiBaThCs Ha
NPOTSKEHUH HSTOr0 KBaHTa BPEMEHM. 3a CYEeT 4YacTOoro MEepeKIIoueHHs MeXAy 3aJadamu
OMYIIUPYETCS. MHOTOTIOTOUHAS apXUTEKTYPA.

Ha camowm pene, kak mpaBHiIoO, U Ui MHOTOTIPOLIECCOPHBIX CHCTEM MPUMEHSETCS TMPOIEeaypa
KBaHTOBaHHS BpeMeHH. J[e7I0 B TOM, 4TO Ja)ke B MOIIHBIX CEpBEpax MPHIIOKEHUH MPOIECCOPOB HE
TaK MHOTO (peAKo ObIBaeT OOJbIIEe AECATH), a TIOTOKOB HCIIONHEHHUS 3allyCKaeTcs, KaK MpPaBHIIO,
ropazno Oompmie. Hampumep, omepanmonnas cucrema Windows 0e€3 €IMHOTO 3amylIeHHOTO
MPUIOKECHUS] HHULUAIN3UPYET JECATKH, a TO ¥ COTHU MOTOKOB. KBaHTOBaHME BpEMEHU IMO3BOJISCT
YIIPOCTUTH YIIPABJICHUE BHITOJHEHNEM 33/1a9 Ha BCEX MPOIECCOPaAX.

Tenepp mepeiizeM K BONPOCY O NMPEUMYIIECTBaX — 3a4eM BOOOIIE MOXKET MOTPeOOBaTHCS
0oJiee OHOIO IIOTOKA BBLIITOJIHEHUS?

Cpenu HauMHAIOUIMX HPOTPAMMHUCTOB OBITYeT MHEHHE, YTO MHOTONOTOYHBIE MPOrpaMMbI
paboraroT ObicTpee. PaccmorpeB criocob peanusanui MHOTOTIOTOYHOCTH, MOXKHO YTBEP)KaTh, YTO
TaKWe MPOrpaMMbl pabOTalOT Ha caMoM Jiesie MeuieHHee. J[eHCTBUTEeNbHO, A MEepeKIIOuCHHS
MEXIy 3aJadaMH Ha KaXJIOM HWHTepBaie TpeOyeTcs OMONHUTEIbHOE BpEMs, a BeIb OHHU
(TIepeKIIFoYeHUs) IPOUCXOAAT JOBOJNIBHO 4acTo. Ecnmu Okl mpomeccop, HE OTBJIEKAsCh, BBITOIHSIT
3aJlaud IMOCJIeI0BaTeIbHO, OHY 3a JPYTrod, OH 3aBepIImi Obl uX 3aMeTHO ObicTpee. CTano OBITH,
MPEUMYILECTBA 3aKITI0YAI0TCS HE B 9TOM.



[IepBbIli TUII TPWIOKEHWM, KOTOPBIM BBIMIPBHIBAET OT MOMIEPKKH MHOTOINOTOYHOCTH,
NpeJHa3HaYeH [uId 3ajad, IAe JeHCTBUTENbHO TpeOyeTcsl BBIMOJIHATh HECKOJIBKO JIeHCTBUH
omHOBpeMeHHO. Hampumep, Oymer BHojgHe OOOCHOBaHHO OXHAATh, YTO CepBep OOIIETO
MOJIb30BaHUSI CTAHET OOCIYXKMBaThb HECKOJbKO KIMEHTOB OJHOBPEMEHHO. MOXKHO JIETKO
MPEICTaBUTh cede mpuMep U3 cepbl 00CTYKIUBAHUS, KOTIa UMEETCSI HECKOJIBKO MOTOKOB KITMEHTOB
U JKeJaTeNbHO 00CITyKUBAaTh UX BCE OTHOBPEMEHHO.

Jpyroii mpuMep — aKTUBHBIE WIPHL, WIH TOHOOHBIe mpHiIokeHus. Heobxomumo
OZJHOBPEMEHHO OIpallluBaTh KJIaBHATYpy M Jpyrue YCTpoiicTBa BBOJA, YTOOBI pearupoBaTh Ha
neiictBus monb3oBarens. B To ke BpeMsi HEOOXOIMMO pacCUMTHIBaTH M MEPEPHUCOBBIBATH
M3MEHSIOIIEeecs: COCTOSHUE UTPOBOTO TMOJIS.

[lonsTHO, YTO B cCily4ae OTCYTCTBHUS TMOAJEPKKH MHOTOINOTOYHOCTH Ul peau3aluu
MOJOOHBIX NPWIOKEHUH MNOTpeOOoBanoCh Obl pealu30BbIBATH KBAHTOBAHHUE BPEMEHU BPYUYHYIO.
VYCii0BHO TOBOpS,, OAHY CEKyHIY IpPOBEPATh COCTOSHUE KIABUATyphl, a CJIEAYIOUIYI0 —
NePEeCUUTHIBaTh U MEPEPUCOBBIBATL UIpoBoe mosie. Ecin cpaBHUTH Be peanu3auuu time-slicing,
OJTHY — Ha HU3KOM YpPOBHE, BBIIOJIHEHHYIO CPEICTBAMM, KaK MPaBUIIO, ONEPALlMOHHOW CHUCTEMBI,
JPYTYIO — BBINOJHAEMYIO BPYUYHYIO, Ha SI3bIKE BBICOKOTO YPOBHS, MajO MOIXOJSINEro Ul TaKHX
3aJ1a4, TO CTAHOBUTCSI MOHSATHBIM IIEPBOE U, BOZMOYKHO, [JIABHOE MPEUMYIIIECTBO MHOITOIIOTOYHOCTH.
Ona obGecrneunBaeT HambOosiee 3((GEKTHUBHYIO pealu3alyio MPOLEAYypbl KBAaHTOBAHUS BPEMEHHU,
CyIIeCTBEHHO oOyerdasi M yKopadwmBas Mpolecc pa3padoTku mnpuiokeHus. Kox mepexiodeHus
MEXJy 3ajadyaMM Ha Java BeIIIsAen Obl Kyda Oosee I'pOMO3/KO, YeM HE3aBUCHMOE OIHMCaHHe
NEUCTBUM I KaXKJIO0ro IIOTOKA.

Crenyromiee MpeUMyILECTBO MPOMCTEKAET U3 TOrO, YTO KOMIIBIOTEP COCTOUT HE TOJIBKO U3
OJTHOTO WJIM HECKOJIbKMX IPOLECCOpPOB. BrIunCIUTENbHOE YCTPOMCTBO — JIUIIb OIUH U3 PECYPCOB,
HEOOXOIMMBIX JUIsl BBIIIOJHEHUS 3aj1ad. Beerna ecTh onepaTuBHas NamsTh, AUCKOBas MOACHCTEMA,
CEeTeBbIe TOAKIIOUEHUs, epudepus u T.a. [Ipeamonokum, monp30BaTenio Tpedyercs: pacredaTarb
OOJIBLION JTOKYMEHT M cKauaTh Oosblioi Qaiin u3 cetn. OueBuaHo, 4ro 00€ 3amauu TpeOyroT
COBCEM HE3HAYMTEIBHOTO Yy4YacTHs MHpOIEcCcOpa, a OCHOBHBIE HEOOXOOUMBIE PECYPCHI, KOTOpBIE
OyayT 3a/eHCTBOBaHBI Ha Ipejesie BO3MOXKHOCTEH, Y HHX pa3Hble — CETE€BOE IMOIKIIOUYCHHE U
IIPUHTEp. 3HAUUT, €CJIM BBIIOJHATH 3aJaud OJHOBPEMEHHO, TO 3aMENJIEHHE OT OpraHHU3alMU
KBAaHTOBaHMs BPEMEHM OyJeT HE3HAuUUTENIbHBIM, IPOLECCOP JIETKO CIPaBUTCA € OOCIyKHBaAaHHEM
obenx 3a1ad. B To e Bpems, ecnu Kakaas 3ajada Mo OTAEIbHOCTH 3aHHMala, CKakeM, JBa Jaca,
TO BIIOJIHE BEPOSITHO, YTO M IIPU OJHOBPEMEHHOM MCIIOJHEHUHU NOTpeOyeTcst He Ooiee TeX ke ABYX
9acoB, a C/IETaHO MPH 3TOM OyJeT ropas3ao Oosble.

Ecnu e 3a1aun B OCHOBHOM 3arpy»KaroT Mpoleccop (Hanpumep, MaTeMaTu4eckue pacueTsl),
TO UX OJHOBPEMEHHOE HCIIOJHEHME 3aliMET B JIYYIIEM CJIy4ae CTOJIBKO K€ BpPEMEHH, YTO H
MIOCJIEI0BATENIBHOE, @ TO U OOJIBLIIE.

Tperbe mNpeuMyIIECTBO TMOSBISETCS U3-32 BO3MOXHOCTH Oosiee THOKO  yHpaBisTh
BBIMOJIHEHHEM  3ajad. [IpenmonokuMm, MOab30BaTeslb  CUCTEMBI, HE  IMOJAEP KUBAIOLICH
MHOTONIOTOYHOCTb, PpEIIMI CKayaTh OONbINOM (aili W3 CeTH, WM MPOU3BECTH CIOXKHOE
BBIUMCIICHUE, YTO 3aHMMAET, CKaXKeM, JIBa 4Yaca. 3allyCTUB 3aJady Ha BBIIOJIHEHUE, OH MOXET
BHE3aITHO OOHAPY)KUTh, YTO €My HYKEH HE 3TOT, a KaKOi-HUOyAb Apyroi ¢aiin (MiIu BEIYUCICHHE C
JIpYTUMH HadajlbHBIMU NapameTrpamu). OZHAKO €ClIM MPUIIOKEHUE 3aHUMAETCsl TOJIBKO paboToi ¢
CEeThIO (BBIYMCICHUAMHU) U HE pearupyer Ha ACUCTBUS MOJb30BaTels (He 0OpadaThIBalOTCS JAaHHBIC
C YCTPOMCTB BBOJA, TAaKMX KaK KJaBHaTypa WJIH MbIb), TO OH HE CMOXET OBICTPO HCIPABUTh
omnOKy. [TomyyaeTcs, 4To mpoieccop BIMOIHSAET O0JbIIee KOTUYSCTBO BEIYMCIICHUH, HO TIPH 3TOM
MIPUHOCHUT TOPa3i0 MEHBIIE MOJIb3bI.

[Iponienypa KBaHTOBaHUS BPEMEHHU IOJJICPKUBACT MPUOPHUTETHI (priority) 3amad. B Java
MIPUOPUTET MPEACTABISAETCA LENbIM YKciaoM. YeM Oosblie yucio, TeM Bblle npruopureT. CTporux
npaBUi pabOThl C MPUOPUTETAMU HET, KaXKAas peaju3alus MOXET BecTH celsl Mo-pasHOMY Ha
passbIx wiargopmax. OgHAKO €CTh 001ee MPAaBUIIO — TIOTOK ¢ 00JIee BEICOKUM MPUOPUTETOM OyIeT
MoJy4ars OOoJiblllee KOJMYECTBO KBAHTOB BPEMEHM Ha HCIIOJHEHHE M TaKHUM 0Opa3oM CMOXKET
ObICTpee BBINONHATH CBOU JIEHCTBHSI U pearupoBaTh Ha MOCTYIAIOIINE JaHHbIE.



B onmcanHOM mpuMepe MNpeACTaBIsSeTCS pPa3yMHBIM 3allyCTUTh JOMOJIHUTENbHBIA IOTOK,
OTBEUAIOIINH 32 B3aMMOJEHCTBUE C MoJib30BareneM. EMy MOXXKHO MOCTaBUTh BBICOKUN HPUOPUTET,
TaK Kak B Cilydae 0e3[eiCTBUS MOIh30BATENs TOT OTOK MPAKTUIECKH HE OyAeT 3aHUMAaTh PeCypCh
MallvHbl. B ciaydae ke aKTHBHOCTH IOJI30BaTENsl HEOOXOAUMO Kak MOXHO ObICTpee MpPOU3BECTU
HEOOXOIUMBIE  JCWCTBUS, YTOOBI OOECHEYHTh MaKCHUMalbHYI0 3(P(GEKTHBHOCTH  PabOTHI
M0JIb30BaTEIIS.

PaccmoTrpuMm 3zech ke emie OfHO CBOMCTBO IOTOKOB. PaHblle, Korjga paccMaTpHUBajIHMCh
OZIHOIIOTOYHBIE TNPHJIOKEHHUS, 3aBEPIICHUE BBIYMUCICHUN OAHO3HAYHO MPHUBOAMWIO K 3aBEpIICHUIO
BBITIOJIHEHHSI TTPOrpaMMBl. Terepp ke MPUIOKEHHE JOIDKHO pabdoTarh 0 TeX TOp, MOKa €CTh XOTb
OZIMH JACWUCTBYIOUIMH MOTOK MCHONHEHUS. B To *e Bpems 4acTo ObIBAIOT HY>KHBI 0OCITYKHBAIOIINE
MIOTOKH, KOTOpPhIE€ HE UMEIOT HUKAKOTO CMBICIIA, €CJIM OHU OCTAlOTCs B cucteMe onHu. Hampumep,
aBTOMaTHUYECKUM COOPIIMK Mycopa B Java 3amyckaercs B BHJE (POHOBOTO (HU3KOIIPUOPUTETHOIO)
mpouecca. Ero 3amaga — oTcieXuBaTh OOBEKTHI, KOTOPBIE YXKE HE HCIHOJB3YIOTCS IPYIMMH
MIOTOKaMH, U 3aT€M YHHUYTOXXaTb MX, OCBOOOXKJasl ONEpaTHBHYIO mamsTh. [IoHATHO, uyTO pabora
ofHoro noroka garbage collector'a He UMeeT HUKAKOro CMBbICTIA.

Takue oOcimyKuBarolMe IMOTOKM Ha3bIBalOT AeMOHaMM (daemon), 3TO CBOMCTBO MOYKHO
YCTaHOBHTH JIIOOOMY TMOTOKY. B MTOre mpuiokeHue BBITIOIHACTCS 10 TEX MOp, MOKA €CTh XOTS OBl
OJINH MOTOK He-JIEMOH.

PaccmotpuM, kak MOTOKM peanu3oBaHbl B Java.

2.2 ba3oBble Knaccbl gna padboTbl ¢ NOTOKaMu

2.2.3 Knacc Thread

[Torox BeImonHeHUs: B Java mpenctasnsercs sx3eMiuisipoMm kinacca Thread. [[nst Toro, atoObt
HAIlMCaTh CBOM IIOTOK HCIIOAHEHUs, HEOOXOAMMO HacJemoBaTbCd OT OJTOro Kigacca |
nepeonpenenutsb metoa run(). Hanpumep,

public class MyThread extends Thread {
public void run () {
// HeKoTOpoOe HNOoJIToe IeMCTBME, BHUMCIIEHNE
long sum=0;
for (int i=0; 1<1000; 1i++) {
sum+=1i;
}

System.out.println (sum) ;

Metox run() CONEpPKUT MACHUCTBHS, KOTOPBIE MOJKHBI BBIIOJTHATHCS B HOBOM IOTOKE
ucroHeHus. YUTOOBI 3alyCTUTh €ro, HEOOXOAMMO CO37aTh AK3EMIUISP Kiacca-HaclIeAHUKA |
BbI3BaTh YyHACJIEAOBaHHBI Meron start(), KOTOpBI COOOIIAET BHUPTYyaNbHOH MAIIHHE, YTO
TpeOyeTCs 3aIyCTUTh HOBBIM IMOTOK UCTIOJTHEHUS U Ha4aTh BBITIOJHATH B HEM MeTo run().

MyThread t = new MyThread();
t.start();

B pesynbraTte yero Ha KOHCOJIU MOSIBUTCS pe3yJIbTar:
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Korna meron rum() 3aBepiieH (B 4YacCTHOCTH, BCTPETUJIOCH BBIpaXKEHHE return), IMOTOK
BBINIOJTHEHUS OCTaHaBiIMBaeTcs. OHAKO HUYTO HE MPEMSATCTBYET 3alHUCU OECKOHEYHOTO IMKJIA B
3TOM MeTozie. B pesynbrare moTok He MpepBeT CBOETO HCIIOIHEHHS U OyIeT OCTaHOBJIEH TOJIBKO IPH
3aBepILeHNH PabOThl BCETO MPUIIOKEHHUS.



2.2.2 UnTtepdenc Runnable

OnvcaHHBIA TIONXOA HMEET OAWH HemoctaTtok. [lockonbky B Java MHOXECTBEHHOE
HacJIeJOBaHUE OTCYTCTBYET, TpeOOBaHKE HAcCIeq0BaThCsl OT Thread MOXKeT MPUBECTU K KOHQIIUKTY.
Ecnu emie pa3 mocMoTpeTh Ha MPUBEACHHBIM BBIIIEC MPUMEP, CTAHET MOHATHO, YTO HACIEIOBAHHUE
MIPOU3BOAMIOCH TOJBKO C Ienblo mepeonpenenenus merona run(). [Toatomy mpeanaraercs Gonee
MPOCTOM Crmoco0 CO3AaTh CBOM IOTOK HCIOMHEHHA. JOCTaro4HO peann3oBarh HUHTEpdeiic
Runnable, B xoTopoM 0O0BSBIEH TOJIBKO OJUH METON — YK€ 3HakoMmblid void run(). 3amuiiem
TIpUMep, IPUBEICHHBIN BBIIIE, C TIOMOIIBIO 3TOTO HHTEpdeiica:

public class MyRunnable implements Runnable {
public void run() {
// HekKOoTOpOe NOoJITOe IeNCTBME, BHUMCIIEHUE
long sum=0;
for (int i=0; 1<1000; 1i++) {
sum+=1i;
}

System.out.println (sum) ;

Taxxe He3HAYUTEIILHO MEHSETCS nponeaypa 3arycka 1noToka:

Runnable r = new MyRunnable() ;
Thread t new Thread(r);
t.start();

Ecnu panblie 00bEKT, MPeICTaBIAIONIMNA caM MTOTOK BBIOJHEHUS, U 00BEKT ¢ MEeTOAOM run(),
peanu3yomuM HEOOXOAUMYI0 (YHKIMOHAJIBHOCTh, OBbUIM OOBEOMHEHBI B OJHOM JK3EMILISPE
kinacca MyThread, To Teneps oHM pasgenensl. Kakoil M3 nByX MOAXonoB yaoOHEMH, pemaercs B
Ka)KZIOM KOHKPETHOM Cllydae.

[TomuepkueM, uto Runnable He sBnsieTcss momHoi 3ameHoil kmaccy Thread, mockombky
CO3JIaHWE ¥ 3aIyCK CaMOT0 ITOTOKA UCTIOTHEHHS BO3MOXKHO TOJIBKO uepe3 metox Thread.start().

2.3 PaboTta c npuoputetamun

Paccmotpum, kak B Java MOKHO Ha3Ha4aTh MOTOKaM MpUOpHUTETHI. [[i1s1 aToro B kiacce Thread
CymecTBYOT MeTobl getPriority() u setPriority(), a Tak:ke OOBSIBIICHBI TPY KOHCTAHTHI:

MIN PRIORITY
MAX PRIORITY
NORM PRIORITY

3 wnaszBanus IIOHATHO, YTO HX 3HAYCHUA OIIHNCBIBAIOT MHUHHMAJIIBHOC, MAaKCHUMAJIbBHOC H
HOpMaJbHOE (TI0 YMOTYAHUIO) 3HAUYEHUS TIPUOPUTETA.
PaccmoTpum crenyromuii mpumep:

public class ThreadTest implements Runnable {
public void run() {
double calc;
for (int i=0; 1<50000; i++) {
calc=Math.sin (i*1i);
if (1%10000==0) {
System.out.println (getName () +
" counts " + 1/10000) ;



public String getName () {
return Thread.currentThread() .getName () ;

}

public static void main(String s[]) {
// TomoroToBKa IIOTOKOB
Thread t[] = new Thread[3];

for

}

(int 1=0; i<t.length; i++) {
t[i]=new Thread(new ThreadTest (),

"Thread "+1i);

// Bamnyck NOTOKOB

for

(int 1=0; i<t.length; i++) {
t[i].start();
System.out.println(t[i] .getName () +

" started");

B nmpumepe ucnonb3yercs HECKOIBKO HOBBIX METONIOB Kiacca Thread:

getName()

OOparuTe BHUMaHME, YTO KOHCTpyKTOpy Kiacca Thread mepemaercst nBa mapamertpa. K
peanu3anuu Runnable moGammsieTcst crpoka. DTO MMsI TOTOKA, KOTOPOE HCIONB3YETCS TOJNBKO IS
yIpoOLIeHUs ero uieHTuukanuu. ViMeHa HECKOJBKHUX TOTOKOB MOTYT COBIaAaTh. Eciau ero He
3amark, To Java reHepupyer npocTtyr cTpoky Buma "Thread-" m HOMep moToka (BBIYMCISCTCS
IIPOCTHIM cueT4UKOM). iIMeHHO 3T0 M Bo3Bpaliaercst MmetooM getName(). Ero MoxHO CMEHMTSH ¢
oMol Metoaa setName().

currentThread()

OTOT CTaTUYECKU METO MO3BOJSET B JIOOOM MECTe KoJa IMOJYYHThb CChUIKY Ha OOBEKT
kiacca Thread, mpencTaBiasromuii TEKYIUNA TOTOK UCTIOTHEHUSI.

Pesynbrar paboThl Takoi mporpaMmbl OyeT UIMETh CIEIY 0NN BUL:

Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread

P OMNRPFONRPENONRFONMRPEONE O

started
started
started
counts
counts
counts
counts
counts
counts
counts
counts
counts
counts
counts
counts
counts
counts
counts

B LWWWNDNNNNRERE PP O OO

MsI BUAMM, YTO BCE TPH MOTOKA OBLIM 3aMyIMIEHBI OAWH 3a JPYTHMM M HA4Yald MPOBOIUTH
BBIYUCIICHHS. BUIHO Takke, YTO MOTOKH WCIIOJHSIOTCS O€3 ONMPEACIICHHOTO MOPSAKa, CIIy4YalHbIM
obpa3om. Tem He MeHee, B CpeHEM OHH JIBHXKYTCSI C OJHOW CKOPOCTBIO, HUKTO HE OTCTaeT U HE

JIOTOHSIET.

Benem B mporpamMy pa®oTy ¢ MpUOPUTETAMH, PACCTaBUM pa3HblEe 3HAYCHUS ISl Pa3HbIX



IIOTOKOB U IMOCMOTPUM, KaK 3TO CKaXCTCA Ha BBIITOJIHCHUU. W3menseTcs TOIbKO METO main().

public static void main(String s[]) {
// TonroroBkKka IIOTOKOB
Thread t[] = new Thread[3];
for (int i=0; i<t.length; i++) {
t[i]=new Thread(new ThreadTest (),
"Thread "+1i);
t[i].SetPriority(Thread.MINiPRIORITY +
(Thread.MAX_PRIORITY -
Thread.MIN_PRIORITY)/t.length*i);

// BamnyckK NOTOKOB
for (int i=0; i<t.length; i++) {
t[i].start();
System.out.println(t[i] .getName () +
" started");

@opMyJta BBIYUCIICHUS IPUOPUTETOB MTO3BOJISIET PABHOMEPHO PACIPENEIUTh BCE TOITyCTUMBIE
3HaYEHUs JUIS BCEX 3alyCKaeMbIX MOTOKOB. Ha caMom fene, KOHCTaHTa MUHUMAaJIbHOTO MPUOPUTETA
nMeeT 3HaueHue 1, makcumanbHoro 10, HopManbHOro 5. Tak 4TO B MPOCTHIX MpOrpaMmax MOXKHO
SIBHO TIOJIb30BATbCSI ATUMHU BEJIMYMHAMU M YKa3blBaTh B Kaue€CTBE, HANpPUMEpP, MOHHKEHHOTO
MIPUOPUTETA 3HAYECHUE 3.

Pesynbrarom paboTsl Oyner:

Thread 0 started
Thread 1 started
Thread 2 started
Thread 2 counts 0
Thread 2 counts 1
Thread 2 counts 2
Thread 2 counts 3
Thread 2 counts 4
Thread 0 counts 0
Thread 1 counts 0
Thread 1 counts 1
Thread 1 counts 2
Thread 1 counts 3
Thread 1 counts 4
Thread 0 counts 1
Thread 0 counts 2
Thread 0 counts 3
Thread 0 counts 4

[ToTokH, Kak W paHbIle, CTAPTYIOT MOCienoBaTeabHO. Ho 3areM MBI BHIUM, YTO YeM BBIIIC
MIPUOPHUTET, TEM OBICTpee oTpabaThiBaeT MOTOK. TeM He MeHee, BeCbMa MO0Ka3areIbHO, YTO TIOTOK C
MuHUMaIbHBIM TipuoputeToM (Thread 0) Bce e mOMydnsT BO3MOXXHOCTH BBIMIOJIHUTH OJHO
JEHCTBHE paHbIIe, 9YeM OTpadoTal MoTok ¢ Oonee BhicokuM mpuoputetoMm (Thread 1). 3to roBopur
0 TOM, YTO IPUOPUTETHI HE JACTAIOT CUCTEMY OJHOIIOTOYHOM, BHITOJTHSIOIIEH ¢TUHOBPEMEHHO JIUIIh
OJIMH TIOTOK C HAWBBICHINM NpUOpUTETOM. HampoTwB, MpUOPUTETHI MO3BOJIIOT OIHOBPEMEHHO
paboTaTh HaJl HECKOJIBKUMH 3a/IJa4aMH C YY4ETOM UX BaKHOCTH.

Ecnu yBenuunth mapamerpsl merona (BeimoiHATh 500000 Bbrumcienuit, a He 50000, u
BBIBOINUTH cooOmieHue kaxaoe 1000-e Beruamcnenue, a He 10000-€), TO MOXHO OyaeT HAIVISTHO
YBUAETH, YTO BCE TPHU MOTOKA UMEIOT BO3MOXHOCTH BBITIONHSTH CBOHM JIEHCTBUS OJHOBPEMEHHO,
pocTo OoJiee BHICOKHI IPUOPUTET TIO3BOJISICT BBITIOTHSTH UX Yallle.



2.4 Daemon-noToku

Daemon-nioTOKH TO3BOJISIIOT OMKCHIBATH (POHOBBIE MPOLECCH, KOTOPHIE HYXXHBI TOJBKO JUIS
00CITy’)KNUBaHHS OCHOBHBIX IIOTOKOB BBIIIOJTHEHUS U HE MOTYT CyIlleCTBOBaTh 0e3 HuX. [l paboTsl ¢
3THUM CBOWCTBOM CYIIECTBYIOT MeTo/bI setDaemon() u isDaemon().

Paccmorpum cienyromuii mpumep:

public class ThreadTest implements Runnable {

// OTmenbHasa Tpymnna, B KOTOPOM OymoyT
// HaxomuTbCcsa BCce norTokm ThreadTest
public final static ThreadGroup GROUP = new ThreadGroup ("Daemon demo") ;

// CTapToBOe 3ZHaueHMe, YKas3HBaAeTCSA NPM CO3maHuu oObeKTa
private int start;

public ThreadTest (int s) {

start = (8%2==0)7? s: s+1;

new Thread (GROUP, this, "Thread "+ start) .start();
}

public void run() {

// HaumHaeM OOPATHEIL OTCYET

for (int i=start; i>0; i--) {
try {

Thread.sleep (300);

} catch (InterruptedException e) {}
// TIoO OOCTUXEHMM CepenMHEl MOPOXIaeM
// HOBBI [OTOK C IOJIOBMHHEIM HauaJlbHEM
// BHadeHUeM
if (start>2 && i==start/2)

new ThreadTest (1) ;

public static void main(String s[]) {
new ThreadTest (16) ;
new DaemonDemo () ;
}

}

public class DaemonDemo extends Thread {
public DaemonDemo () {
super ("Daemon demo thread");
setDaemon (true) ;
start();
}

public void run() {

Thread threads[]=new Thread[1l0];

while (true) {
// Tlonmyuaem HaboOp BCexX MOTOKOB U3
// TecTOBOM I'PYIIIL
int count=ThreadTest.GROUP.activeCount () ;
if (threads.length<count) threads = new Thread[count+10];
count=ThreadTest.GROUP.enumerate (threads) ;

// PacrnedaTelBaeM MMHA KaxIOI'O IIOTOKA
for (int i=0; i<count; i++) {
System.out.print (threads[i].getName ()+", ");

}
System.out.println();



try {
Thread.sleep (300);
} catch (InterruptedException e) {}

B stom npumepe npoucxonut cneayrouiee. [loroku ThreadTest umeror HekoTopoe cTapToBOE
3HaueHHUe, INepefaBaeMoe MM IpHU co3faHuu. B merone run() 3To 3HA4YE€HUE MOCIEIOBATEIBHO
yMmeHblaercs. [lpu qocTrkeHny MoJIoBUHBI OT HAYaJIbHOM BEJIMYMHBI TOPOXKIAAECTCSI HOBBIH ITOTOK €
BIIBOC MEHBUIMM HauyajbHbIM 3HaueHHeM. [0 McyYeprmaHuM CYeTYMKa IOTOK OCTaHABIMBACTCH.
Merton main() IOpoKJaeT MEPBBIA MOTOK CO CTAPTOBBIM 3HaueHHeM 16. B xone mporpammsl OyayT
JIOTIOJIHUTEIBHO OPOXKAEHBI TOTOKH CO 3HAYEHUAMHU 8, 4, 2.

3a 3TUM mpoueccoM HaOMOAaeT OEeMOH-TOTOK DaemonDemo. DTOT MOTOK peryisipHO
NoJy4yaeT CIMCOK BceX cyuiecTByromux norokoB ThreadTest m pacneuarbiBaeT MX MUMeHa s
yI00CTBa HAOIIONCHHUS.

PesynsraroMm nporpamMmel Oyaet:

Thread 16,
Thread 16,
Thread 16,
Thread 16,
Thread 16,
Thread 16,
Thread 16,
Thread 16,
Thread 16,

Thread 16, Thread 8,
Thread 16, Thread 8,
Thread 16, Thread 8,
Thread 16, Thread 8,
Thread 16, Thread 8,
Thread 16, Thread 8, Thread 4,
Thread 16, Thread 8, Thread 4,

Thread 8, Thread 4,
Thread 4, Thread 2,
Thread 2,

Hecmotpst Ha TO, 9TO JEMOH-NIOTOK HUKOIZA HE BBIXOAWT M3 Meroaa run(), BUPTyaJbHas
MalllHa IPEeKpaIaeT padoTy, Kak TOJIBKO BCE HE-1E€MOH-TIOTOKH 3aBEPIIAIOTCA.

B npumMepe ncnonb30Banock HECKOJIBKO JOMOTHUTEIBHBIX KIIACCOB M METOAOB, KOTOPHIE €IlIe
He ObUIM PaCCMOTPEHBI:

2.4 Knacc ThreadGroup

Bce moToku HaxomATcs B rpyImmax, MpeacTaBisieMblx sk3emiuisipamu kiaacca ThreadGroup.
I'pynma yka3wiBaeTcs pu CO3/IaHUU MOTOKA. Eciiu rpynma He ObuTa yKka3aHa, TO MOTOK TIOMEIIaeTCs
B Ty K€ TPYIILY, I[JIe HAXOJUTCS MOTOK, MOPOIAMBILUIA €TO.

Mertonsr activeCount() u enumerate() BO3BpAIIAlOT KOJUYECTBO W TOJHBIM CITHCOK,
COOTBETCTBEHHO, BCEX MMOTOKOB B IPYTIIIE.

sleep()
OtoT cratnueckuil Meton kinacca Thread mprocTaHaBIMBaeT BBHIMOJHEHHE TEKYIIETO MOTOKA

Ha yKa3aHHOE KOJIMYECTBO MIUIMCEKYHJ. OOpaTuTe BHHMaHUE, YTO MeTof TpelOyeT oOpaboTku
uckimroyenns InterruptedException. OH cBsi3aH C BO3MOXKHOCTBIO aKTUBU3UPOBATH METOJI, KOTOPBIN
MIPUOCTAHOBUII CBOIO paboTy. Hampumep, ecnu mMoTok 3aHAT BbIIOTHEHHEM MeTofa sleep(), To ecThb
Oe3aeiicTByeT Ha MPOTSHXKEHUH YKa3aHHOTO MEepuoja BPEMEHH, €ro MOXKHO BBIBECTH U3 3TOTrO
COCTOSIHMSI, BBI3BaB METOJ interrupt() U3 Apyroro moToka BeIModHEHUs. B pe3ymnbrare meton sleep()



npepBercs uckiroderneM InterruptedException.

Kpome merona sleep(), cymectByer emie oguH crarudeckuit Merop yield() 6e3 mapameTpos.
Korma moTok BBI3BIBAaCT €ro, OH BPEMEHHO MPHOCTAHABIMBACT CBOIO paboOTy H IMO3BOJSIET
orpaborarh ApyruM mnotokaM. OAMH M3 METONOB 00s3aTeNbHO JOJKEH NPUMEHSATHCS BHYTPHU
OCCKOHEYHBIX ITUKJIOB OXXUJAaHUS, MHAYEe €CTh PHCK, YTO TaKOH HHYEr0 HE JENAIOUIHA ITOTOK
3aTOPMO3UT pabOTy OCTAIBHBIX OTOKOB.

2.5 MexaHU3Mbl CUHXPOHU3aLUN

IIpy MHOrOmOTOYHON APXUTEKTYpPE MPHUIIOKEHHUS BO3MOXHBI CUTYAIIMU, KOTZA HECKOJIBKO
MIOTOKOB Oy/IyT OAHOBPEMEHHO paboTaTh ¢ ONHUMU U TEMU K€ TaHHBIMU, UCIIONB3YS X 3HAYCHUS U
npucBavBas HOBbIe. B TakoM cnydae pesynbTaT paOOThl MPOTrpaMMbl CTAHOBUTCS HEBO3MOXHO
Mpeayrajaarh, MsSAsS TOIbKO Ha UCXOMHBIN Koa. DuHambHbIe 3HAYEHUS IEPEMEHHBIX OyIyT 3aBHCETh
OT CIy4alHBIX (PAKTOPOB, MCXOMS M3 TOTO, KAaKOW IMOTOK KaKO€ JCWCTBHE YCIEN CAENaTh MEPBBIM
WJIU TIOCJIETHUM.

PaccmoTrpum npumep:

public class ThreadTest {

private int a=1, b=2;

public void one() {
a=b;

}

public void two () {
b=a;

}

public static void main(String s[]) {
int all=0, a22=0, al2=0;
for (int i=0; 1<1000; 1i++) {
final ThreadTest o = new ThreadTest () ;

// 3amnmyckaeM IMEepBHI MNOTOK, KOTOPHIA
// BEIBHIBAET ONVH METOI
new Thread() {
public void run() {
o.one();
}
}.start ()

// 3BamyckaeM BTOPOM IOTOK, KOTOPHIA
// BHI3BHIBAET BTOPOM METOI
new Thread () {
public void run() {
o.two ()
}
}.start () ;

// naem noTokam BpeMs oTpaboTaThb
try {

Thread.sleep (100);
} catch (InterruptedException e) {}

// aHamusupyeM O(MHAJILHBIE 3HAUEHUS
if (o0.a==1 && o.b==1) all++;
if (0.a==2 && 0.b==2) a22++;
if (o.a'!=o.b) al2++;
}

System.out.println (all+" "+a22+" "+al2);



B sTOoM npumepe 1Ba MOTOKa UCHOJIHEHUS] OJHOBPEMEHHO OOPAIalOTCsl K OJHOMY U TOMY XKe
0OBEKTY, BbI3bIBasl Y HETO JBa pa3HbIX MeTona, one() u two(). DT MeTOAbl MBITAIOTCS NPUPABHAThH
JiBa TOJISL KJjlacca a U b apyr Jpyry, HO B pa3HOM IOpsIKe. YUYUTHIBas, YTO MUCXOIHBIE 3HAYCHHUS
nosiell paBHbl 1 U 2, COOTBETCTBEHHO, MOXHO OBLIO OXHJaTh, YTO IOCJIE€ TOTO, Kak IMOTOKU
3aBepIlaT CBOIO paboTy, mojs OyayT UMETh OflMHaKOBoe 3HaueHue. OJTHAKO MOHAThH, KAKOE U3 JABYX
BO3MOJKHBIX 3HAUE€HUN OHU MPUMYT, YK€ HEBO3MOXKHO. [TocMOTpUM Ha pe3yabTaT mporpamMmbl:

135 864 1

[TepBoe yMCIIO MOKA3BIBACT, CKOIBKO pa3 M3 THICSYM 00€ MMEepeMEHHbBIE MPUHSIN 3HaueHue 1.
Btopoe uncno coorBercTByeT 3HaueHHIO 2. Takoe CHIbHOE TpeoOiialaHie OJHOTO W3 3HAYCHHM
00yCTIOBIICHO TOCIIEIOBATEILHOCTHIO 3aITyCKOB TOTOKOB. Eciu ee M3MEHUTh, TO M KOJIMYECTBA
ciaydaeB ¢ 1 u 2 Takke MEHSIOTCS MecTaMU. TpeTbe e YUCIIO COOOUIAaeT, YTO Ha ThICAUYy CIy4yacB
MMPOU30LICIT OAWH, KOTIa IMOJIA BOO6IJ.I€ OGMQHHHHCB 3Ha4YEHUSIMH !

[Ipu konmuectBe urepanuii, papaom 10000, ObLIM MOTYUYEHBI CIEAYIOMINE JAaHHBIE, KOTOPHIE
MOATBEPKIAIOT C/ICITAHHBIE BHIBOJIBI:

494 9498 8

A ecnu yOpath 3aJIepKKy Tepe/l aHaTU30M PEe3yabTaToB, TO MOTyYaeMbIe JaHHbIC PaIUKaIbHO
MEHSIOTCA:

0 3 997

Bunumo, notoku npocTo He yCreBaoT 0TpadoTaTh.

WTak, HamIsAgHO TOKa3aHO, CKOJIb CHJIBHO W HEINPENCKA3yeMO MOXKET MEHATBHCS PE3yJbTar
paboThl OAHOM U TOM K€ MPOTrpaMMbl, IPUMEHSIONIEH MHOTOMIOTOYHYIO apXUTeKTypy. Heobxonumo
YYHTBIBATh, YTO B IPUBEACHHOM IIPOCTOM IPHUMEPE 3aIEPKKH CO3AaBAIUCh BPYUYHYH) METOJOM
Thread.sleep(). B peanbHBIX CIOKHBIX CHCTEMAaxX 3aJePKKH MOTYT BOHUKATh B MECTaX MPOBEICHUS
CJIOKHBIX OIEepaluil, UX JJIMHA HENpencKa3yeMa U OLICHUTh X MOCIEICTBUS HEBO3MOXKHO.

s 6onee TryOOKOrO MOHMMAHUSI IPUHIMIIOB MHOTOTIOTOYHOM paboThl B Java paccMOTpHM
OpraHM3alMIO MaMITH B BUPTYaJIbHON MAIlIMHE IJI HECKOJIBKUX IMIOTOKOB.

XpaHeHue nepeMeHHbIX B NaMATU

BupryanpHas MammHa MONJIEPKUBAET OCHOBHOE XpaHWIMILE JaHHBIX (main storage), B
KOTOPOM COXPaHSIOTCS 3HAYEHMsI BCEX NMEPEMEHHBIX M KOTOPOE HCIOJB3YyEeTCsl BCEMHU IOTOKAMM.
[lon mepeMeHHBIMH 37€Ch TOHUMAIOTCS I0JI1 OOBEKTOB M KJIACCOB, a TaKXKE 3JIEMEHTHl MacCHBOB.
Uro kacaercs JIOKAJbHBIX MEPEMEHHBIX U MapaMeTpOB METOIOB, TO UX 3HAYEHUs HE MOTYT ObITh
JOCTYIIHBI APYTUM MOTOKaM, IOATOMY OHH HE MIPEICTABIISIIOT UHTEpECa.

Jlns kakIoro moToKa CO3/[aeTcs ero coOCTBeHHas pabouas mamath (working memory), B
KOTOPYIO MIEpEe UCIIOIb30BAaHUEM KOITUPYIOTCS 3HAUEHHUS BCEX EPEMEHHBIX.

PaccmoTpuM OCHOBHBIE ONEpaIiy, JOCTYITHBIE s TOTOKOB NP paboTe ¢ MaMAThIO:

use — YTEeHHE 3HaYEHUs IEPEMEHHOMN U3 paboyeil maMaTy MOTOKa;

assign — 3aMUCh 3HAYEHUS IEPEMEHHON B pabouyl0 MaMATh MOTOKA;

read — moy4eHue 3HaYCHUS TIEPEMEHHON N3 OCHOBHOTO XPaHWIIHIIA,

load — coxpaHeHue 3Ha4YeHUs NEPEMEHHOH, NMPOYUTAHHOIO M3 OCHOBHOTO XpaHWIMWINA, B
paboueit mamsTu;

store — mepenaya 3Ha4E€HUS MEPEeMEHHON M3 paboueil mamMsATH B OCHOBHOE XPAaHWIMIIE IS
JAJIbHENIIETO XPaHEHNS,

write — COXpaHsIeT B OCHOBHOM XPaHWJIWIIE 3HAUYEHHE TMEPEMEHHOMW, MEepeJaHHON KOMaHIO0N
store.



[TomyepkHeM, 4TO MEpPEYUCIICEHHbIE KOMaH/bl HE SIBISIOTCS METOJAMU KaKHUX-JTMOO KJIaccoB,
OHU HENOCTYNHbI nporpammucty. Cama BHpTyalibHasi MallMHA HCHOJIb3YyeT UX I o0ecredeHus
KOPPEKTHON pabOTHl TOTOKOB UCTIOTHEHHUS.

[Totok, pabGoTas ¢ TEpPeMEHHOH, pETYISIpPHO MPHUMEHSET KOMaHAbl Use W assign Uit
HCIIOJIB30BaHUsI €€ TEKYIIEero 3HAa4eHUs M IPUCBOEHUA HOBOro. Kpome Toro, IOJIKHBI
OCYULIECTBIIATBCA JNEUCTBUS IO IEpefadye 3HAUEHUH B OCHOBHOE XpaHWiIMILEe M u3 Hero. OHu
BBIIIOJIHAKOTCS B ABa dTana. IIpu momydeHun AaHHBIX CHayajda OCHOBHOE XPAaHMIIMIIE CUUTBHIBACT
3HaYeHHE KOMaHI0il read, a 3aTeM MOTOK COXpaHseT pe3ylbTar B CBOCH paboueil maMsTH KOMaHIOU
load. DTa mapa komaHI BCeraa BBINOJHIETCS BMECTE MMEHHO B TaKOM MOpPSJAKE, T.€. HEJb3s
BBIIIOJIHUTh OJIHY, HE BBINOJIHUB Apyryto. IIpu oTnpaBieHHM NaHHBIX CHayajga MOTOK CUUTHIBAET
3HAYCHHE W3 paboyeil MaMATH KOMaHIOM store, a 3aTeM OCHOBHOE XPaHWIIHIIE COXPAHSET €ro
KOMaH/I0i write. JTa mapa KOMaHJ TaK)Xe BCEIJa BBIMOJIHIETCS BMECTE UMEHHO B TaKOM IMOPSIKE,
T.€. HEJIb35 BBIIIOJIHUTH OJIHY, HE BBIIIOJIHUB JPYTYIO.

Habop »Tux mpaBui cocTaBisuicss C TeM, 4TOOBI ONEpaluy ¢ MaMsIThi0 OBLIM JAOCTATOYHO
CTPOTH JUIsl TOYHOTO aHAJIM3a UX PE3yJbTaToB, & C IPYrod CTOPOHBI, IIpaBUia JAOKHBI OCTABIIATH
JIOCTaTOYHOE MPOCTPAHCTBO ISl PA3TUYHBIX TEXHOJIOTUNA OMTUMM3AIMKA (PETUCTPBI, OYepPEan, KIIII
U T.J.).

[TocnenoBarenbHOCTh KOMaH] MOJTYUHAETCA CIAEAYIOIINM MPaBUIIAM:

BCE JICHCTBUSI, BBIIIOIHAEMBIE OJHUM ITIOTOKOM, CTPOTO YIOPSAOYEHBI, T.€. BBIIOIHSIIOTCS OJJHO
3a IpyruMm,

BCE€ JICUCTBUS, BBIIIOIHAEMBIE C OHOW MEPEMEHHOW B OCHOBHOM XPaHWIMILE NIaMsATH, CTPOTO
YIOPSAJIOUEHBI, T.€. CJAEAYIOT OJTHO 33 JPYTUM.

3a HCKIIOYEHHEM HEKOTOPBIX JONOJHHUTENBHBIX OYEBUAHBIX IpaBW, OONbIIE HUKAKUX
orpannyeHuil HeT. HampuMmep, eciu MOTOK M3MEHWJ 3HAUEHHE CHayajga OJHOM, a 3aTeM JApYyrou
MEPEMEHHOM, TO 3TH M3MEHEHHUS MOTYT OBITh INEpeJaHbl B OCHOBHOE XpAHWIHWINE B OOpaTHOM
MOPSIZIKE.

[ToTok co3maercst ¢ UnUCTOM paboueil MaMsAThIO U OJHKEH Iepes UCTIONIb30BaHHEM 3arpy3UTh
BCE HECOOXOIUMBIE TICPEMEHHBIE M3 OCHOBHOTO XpaHuuiia. JIrobas mepeMeHHas cHavaia Co3aacTcs
B OCHOBHOM XPaHHJIUILE U JIUIIb 3aT€M KOIHPYETCs B pabouylo MaMsaTh MOTOKOB, KOTOpBIE OyayT ee
MIPUMEHSTb.

Takum 00pa3oM, MOTOKM HUKOIZIA HE B3aUMOJAEHCTBYIOT APYT C JPYroM HANpsSMYIO, TOJIBKO
yepe3 IIaBHOE XPaHUIIUIIIE.

MoaudukaTop volatile

[Ipu 0OBsBIICHNM TIOJIEH OOBEKTOB M KJIACCOB MOXKET OBITh yKa3aH Moaudukarop volatile. On
yCTaHABIMBaET OoJiee CTPOrue MpaBmiia paboThl CO 3HAYCHUSMHU MTEPEMEHHBIX.

Ecnu moTtok cobupaercst BBITIOJHUATH KOMaHIy use aiis volatile mepemenHoi, To TpedyeTcs,
9YTOOBI MPEIBIAYLINM JEHCTBUEM C ITOH mepeMeHHoW Obuto obOs3arenbHO load, m HaobopoT —
onepaius load MoXeT BBIMONHATHCS TOJNBKO mepen use. Takum oOpa3oM, mepeMeHHas U TJIaBHOE
XpaHWIHILE BCETra UMEIOT CaMoe MOCTeIHee 3HAaUeHUE ITOH MepEeMEHHOM.

AHAaJIOTHYHO, €CTU MOTOK COOMpaeTCsl BBIMOIHUTL KOMaHIy store mjist volatile mepeMeHHOH,
TO TpedyeTcsi, YTOOBI MPEABIAYIIUM ACHCTBHEM HAJl TOW MEePEMEHHON OBLIO 00s3aTeNBLHO assign, u
Ha000pOT — orepanys assign MOXKET BBIMOTHATHCS, TOJBKO €CIIM Cleayromieil Oymer store. Takum
o0Opa3oM, mepeMeHHas U TJIABHOE XPAHWIIUIIE BCETAa MMEIOT caMoe IOCJeIHee 3HaueHHe ITOH
MEPEMEHHOM.

Hakower, eciu mpoBOASTCS ONEpalvy HaJl HECKOIBKUMU volatile mepeMeHHbIMH, TO Tepeiada
COOTBETCTBYIOUIMX HW3MEHEHUN B OCHOBHOE XPAaHWIMIIE JOJKHA MPOBOIUTHCS CTPOTO B TOM K€
TIOPSIIKE.

[Tpu pabGote ¢ OOBIYHBIMU MEPEMEHHBIMU KOMIMIATOP MMEET OOJblle MPOCTPAHCTBA JUIS
MaHeBpa. Hampumep, mpu ONarompusiTHBIX OOCTOSITENIBCTBAX MOXKET OKa3aThCsl BO3MOXKHBIM
Mpe/icKa3aTh 3HaYeHHE MEepEeMEHHOW, 3apaHee BBIUUCIUTh M COXPAaHUTh €ro, a 3aTeM B HYKHBIN



MOMEHT HCIOJIb30BaTh YK€ TOTOBBIM.

Crnenyer oOpaTuTh BHUMaHME Ha 1Ba 64-pa3psaaubix Tuna, double u long. [Tockonbky MHOTHE
IaTOPMBI TIOAJIEPKUBAIOT JIUIIG 32-OUTHYIO TaMsATh, BEJIMYMHBI 3TUX THUIIOB PAacCMaTPHBAIOTCS
Kak JIB€ IEpEMEHHbIE U BCE ONMCAHHBIE JEHCTBUS BBIMOIHSAIOTCS HE3aBUCUMO IS JIBYX IOJIOBUHOK
TakuX 3HaueHui. KoHeuHo, eciii MpOou3BOANTENb BUPTYAIbHON MAIIMHBI CYNTAET BO3MOKHBIM, OH
MOXET 00ecleunTh aTOMapHOCTh omnepanuil 1 Hajx 3TuMu Tunamu. s volatile mepeMeHHBIX 3TO
SIBJIIETCS 0053aTENbHBIM TPEOOBAHUEM.

BnoknpoBku

B ocHOBHOM XpaHWIIHUIIE ISl KaXKIOTO OObekTa momiepkuBacTcs OmokupoBka (lock), Han
KOTOPOIl MOKHO MPOM3BECTH ABa AeicTBus — ycTaHOBUTH (lock) u cHath (unlock). Tompko omun
MOTOK B OAMH MOMEHT BPEMEHH MOXXET YCTAaHOBHUTH OJOKMPOBKY Ha HEKOTOpBIA 00BekT. Ecim 1o
TOTO, KaK 3TOT MOTOK BBIMOJHUT omeparuio unlock, apyrod MOTOK MOMBITAETCS yCTaHOBHTH
OJIOKHPOBKY, €ro BBITIOJIHEHHE OyIeT MPUOCTAHOBIEHO JO TEX MOp, MOKAa MEpBbI MOTOK HE
OTIIYCTHT €€.

Omnepanmu lock m unlock HakIamBIBalOT KECTKOE OTPaHUYCHUE HA paboTy C IMEpeMEHHBIMH B
paboueii mamsTu notoka. [locie ycnenHo BhIONMHEHHOTO lock pabovasi mamsTh OYMINACTCS U BCE
NepeMeHHbIe HEeOOXOJMMO 3aHOBO CYMTBHIBATh M3 OCHOBHOTO XpAaHWIWINA. AHAJIOTUYHO, TIEpel
ornepanueit unlock He0OX0MMO BCE MEPEeMEHHBIE COXPAHUTH B OCHOBHOM XPaHHIIHIIIE.

BaxHO momguepKHYTh, YTO OJIOKUPOBKA SIBIISIETCS 4eM-TO Bpoze (ara. Ecnu GnokupoBka Ha
00BEKT YCTAHOBIICHA, 3TO HE O3HAYAET, YTO JIAaHHBIM OOBEKTOM HEJIb3s MOJIb30BATHCS, YTO €T0 MOJIs
Y METOJIbI CTAaHOBSATCS] HEOCTYITHBIMH,— 3TO HE TaK. EqMHCTBEHHOE AeliCTBUE, KOTOPOE CTAHOBHUTCS
HEBO3MOXKHBIM,— YCTaHOBKAa JITOW K€ OJOKUPOBKH IPYTHM TMOTOKOM, JO TE€X TOp, MOKa MEpPBBIN
MOTOK HE BBITOJHUT unlock.

B Java-niporpamme [uist TOTo, 4TOOBI BOCIIOIB30BATHCS MEXaHU3MOM OJIOKHPOBOK, CYIIIECTBYET
KITtoueBoe coBo synchronized. OHO MOXeT OBITH IPUMEHEHO B JABYX BapHaHTaX — JJIsi OObSBICHHUS
synchronized-6moka u kak moaudukarop meroma. B oboux ciaydasx OEHCTBHE €ro MPUMEPHO
OZIMHAKOBOE.

Synchronized-6:10k 3anmuchIBaeTCs CASAYIOMMM 00pa3oM:

synchronized (ref) {

[Ipexne, yeM HayaTh BBINOJHATH JEHCTBUS, ONMMCAHHBIE B 3TOM OJIOKE, MOTOK 00s3aH
YCTaHOBUTH OJIOKMUPOBKY Ha OOBEKT, Ha KOTOpBIA ccbulaeTcs mepeMeHHas ref (mosTomy oHa He
MokeT ObITh null). Ecam gpyroil moTtok yxe ycTaHOBUI OJOKUPOBKY Ha 3TOT OOBEKT, TO
BBITIOJIHEHHE TEPBOTO IMOTOKA IMPHOCTAHABIMBACTCSA JO TEX IOp, TMOKAa HE YHAACTCS BBIOJIHHUTH
omneparuio lock.

[Tocne sToro Omok BeIMONHsETCA. [Ipu 3aBepIIeHNH MCIOMHEHUS (KaK yCIIEUTHOM, TaK W B
cily4ae omuOO0K) MPOU3BOAUTCS omnepanus unlock, 4To661 0CBOOOANTH OOBEKT AJISt APYTUX MOTOKOB.

PaccmoTrpum npumep:

public class ThreadTest implements Runnable {
private static ThreadTest
shared = new ThreadTest();
public void process() {
for (int i=0; 1<3; i++) {
System.out.println (
Thread.currentThread() .
getName () +" "+1i);
Thread.yield();



public void run() {
shared.process() ;
}
public static void main(String s[]) {
for (int i=0; 1<3; i++) {
new Thread (new ThreadTest (),
"Thread-"+1) .start () ;

B »TOM mpocTomM mpumepe TpH MOTOKAa BBI3BIBAIOT METOJ Y OJHOTO OOBEKTa, Y4TOOBI TOT
pacneuarain Tpu 3HadeHus. Pesynprarom Oyner:

Thread-0
Thread-1
Thread-2
Thread-0
Thread-2
Thread-0
Thread-1
Thread-2
Thread-1

NN NP PR OOO

To ecTh BCE MOTOKU OJJHOBPEMEHHO pa0dOTaIOT C OTHUM METOJOM OJTHOTO O0BEKTa. 3aKITIOUYUM
oOpareHue kK MeToay B synchronized-06:10k:

public void run () {
synchronized (shared) {
shared.process () ;

}

Teneps pe3ynbrar OyAeT CTPOTro YOS IOUEH:

Thread-0
Thread-0
Thread-0
Thread-1
Thread-1
Thread-1
Thread-2
Thread-2
Thread-2

NP OMNMRFEFODNRE O

Synchronized-meTonsl paGoTaroT aHanornyHbIM obOpasom. [Ipexzae, ueM HauaThb BBINOJIHSTDH
WX, MOTOK TIBITACTCS 3a0JIOKUPOBATh OOBEKT, y KOTOPOTO BBI3bIBaeTCS MeTol. llocie BBIMOTHEHHUS
OJ0KMpOBKa CHUMaeTcs. B mpenplayiieM mpuMepe aHajlorMyHOM YNopsJOYEHHOCTH MOXHO OBLIO
NOOUTBCS, €CIIM  WCTONb30BaTh He synchronized-Omok, a o0BsBUTH MeTon process()
CUHXPOHHM3HPOBAHHBIM.

Taxke pmomyctumbl MeTonmsl  static  synchronized. Ilpm wux BbI30Be OJIOKHpOBKa
ycTaHaBiIMBaeTcsl Ha 00beKT kiacca Class, OTBEUAIOIIEro 3a THI, Y KOTOPOTO BBI3bIBAETCS 3TOT
METO/I.

[Ipu pabote ¢ OIOKMpPOBKAMU BCETAA HAJ0 MOMHHUTH O BO3MOXKHOCTH TosiBneHus deadlock —
B3aMMHBIX OJOKHPOBOK, KOTOpbIE€ TPUBOAST K 3aBUCAHHMIO TpOrpaMMbl. Eciim OOWH TOTOK
3a0JIOKMPOBAJI OIUH pEeCcypc U MbITaeTcs 3a0J0KMPOBaTh BTOPOHM, a JAPYroil MoTok 3a0IOKUpOBal
BTOpPOH W TBITaeTcs 3a0JOKMPOBaTh TMEPBBIA, TO TAaKHE TMOTOKH YXE HHKOTIA HE BBIHAYT U3
COCTOSIHUSI OKUJJaHMUS.



Paccmorpum npocreiimmin npumep:

public class DeadlockDemo {

// IBa obBexkTa-pecypca
public final static Object one=new Object (), two=new Object();

public static void main(String s[]) {

// Cosmaem OBa MOTOKA, KOTOpPHE OyOyT
// KOHKYPMPOBATL 3a IOCTYI K OOBEeKTaMm
// one u two
Thread tl = new Thread() {
public void run () {
// BJIOKUpPOBKA MNEpPBOTO OOBEKTa
synchronized (one) {
Thread.yield();
// BIOKMPOBKA BTOPOTO OOBEKTA
synchronized (two) {
System.out.println ("Success!");

}
bi
Thread t2 = new Thread() {
public void run() {
// BIOKMpPOBKA BTOPOTO OOBEKTA
synchronized (two) {
Thread.yield();
// BJIOKUpPOBKa MNEPBOTO OOBEKTa
synchronized (one) {
System.out.println ("Success!");

}i

// BamnyckaeM MIOTOKU
tl.start();
t2.start () ;

Ecin 3amycTuTh Takyr MporpaMMmy, TO OHa HHUKOTAA HE 3aKOHYHUT CBOIO padoty. OOparute
BHHUMAaHUE Ha BbI30BHI MeToza yield() B kaxkaoM moToke. OHU rapaHTUPYIOT, YTO KOTAA OJUH MOTOK
BBITIOJTHIJT TIEPBYIO OJIOKUPOBKY M TIEPEXOTUT K CIICIYIOIICH, BTOPOM MOTOK HAXOAUTCS B TAKOM K
coctostHuH. OYEeBUAHO, YTO B pe3yiaprare oba MmoTtoka "3ampyT", HE CMOTYT HPOIOIKHUTH CBOE
BEIMIOTHEeHKE. [1epBbIii OTOK OyneT JKaaTh 0CBOOOXKACHHSI BTOpOoro o0bekTa, U Hao0opot. MiMeHHO
Takas CUTyallus Ha3biBaeTcs "MepTBoit Onokuposkoit”, unu deadlock. Ecnu omuH u3 motokoB ycnen
Obl 3a0i0KkMpoBaTh 00a 00BEKTA, TO MPOrpaMMa YCHEIIHO OBl BBHIMOJIHWIACH A0 KOHIA. OHAKO
MHOTOMOTOYHAS APXUTEKTypa HE TaeT HUKAKUX TapaHTHi, KAK UMEHHO MOTOKU OYyIyT BBIMOIHATHCS
JIpyT OTHOCHUTEIILHO Jpyra. 3aJepKKH (KOTOphIe B MpHMEpPEe MOAETUpYyIOTCcs Bbi3oBamu yield())
MOTYT BO3HHMKaTh W3 JIOTMKH MPOTrpamMMbl (HEOOXOAMMOCTH MPOU3BECTH BBIYUCIICHUSA), ACUCTBUN
none3oBarelniss (He cpasy Haxan kHomky "OK"), 3amsaroctm OC (uW3-3a HEXBAaTKH (U3HUYECKOM
OTIepaTUBHOMN MaMSTH MPUIILUIOCH BOCIOIB30BaThCsI BUPTYAIbHOM), 3HAUEHUH TPUOPUTETOB MTOTOKOB
U TaK Janee.

B Java Her HMKakuMX CpENCTB paclo3HaBaHUs WM TpefoTBpaineHus cutyaruii deadlock.
Takoke HeT criocoba mepesr BHI30BOM CHHXPOHU3UPOBAHHOTO METOZA Y3HATh, 3a0JIOKHPOBAH JIA YKe



00BEKT APYTUM TIOTOKOM. [IporpaMMUCT caM JOIDKEH CTPOUTH padOTy MPOrpaMMBbl TAKUM 00pa3oM,
4T00Bl HEpa3peuIMMble ONOKMPOBKM HE BO3HMKaNW. Hampumep, B paccMOTpPEHHOM NpUMeEpe
J0CTAaTOYHO OBLIO OPTaHM30BaTh OJIOKUPOBKU OOBEKTOB B OJJHOM TOPSIKE (BCETa CHadaa MepBbIid,
3aTeM BTOPOM) — U MPOrpamMMa BCET/a BBIMOITHSIACH OBl YCIEITHO.

OnacHOCTb BO3HHMKHOBEHHUS B3aHMMHBIX 6J'IOKI/IpOBOK 3aCTaBIAET C OCOOEHHBIM BHHMAHHEM
OTHOCHTBCS K pabore ¢ motokamu. Hampumep, Ba)KHO NMOMHHTB, YTO €CIH y OOBEKTa IMOTOKA ObLI
BbI3BaH MeToq sleep(..), TO Takoii MOTOK OyaeT Oe3AeliCTBOBAaTh ONPENEIIEHHOE BpEMsl, HO MIPH 3TOM
BCE 3a0JIOKHPOBAHHBIC MM OOBEKTHI OYIyT OCTaBaThCsl HEAOCTYTHBIMU TSI OJIOKUPOBOK CO CTOPOHBI
JIpyTUX TOTOKOB, a 3To moreHImanbHbI deadlock. Takme cuTyamum KpailHE CIIOKHO BBISIBUTH
MyTEeM TECTHPOBAHUS M OTJIAJKH, IOSTOMY BONpPOCAM CHHXPOHHU3AIMHM HAIO YAETSATH MHOTO
BPCMCHU Ha 2TAIlC IPOCKTUPOBAHUA.

MeTtoab! wait(), notify(), notifyAll() knacca Object

Kaxnprit 00bekT B Java uMeeT He TONbKO OMOKUPOBKY it synchronized GokoB U METONOB,
HO U TaK Ha3bIBaeMbIil wait-set, HabOp MOTOKOB UCTIONHEHUS. JIF00O0# MOTOK MOXKET BBI3BATH METO
wait() mo0Ooro oObeKkTa U TaKUM 00pa3oM MOMACTh B ero wait-set. [Ipyu 3TOM BBIMONTHEHHE TAKOTO
MOTOKA MPHUOCTAHABIMBACTCS /IO TEX IOp, IOKA JPYTrOi MOTOK HE BBI3OBET Y ATOTO ke 00bEKTa
metop notify All(), koTopslit mpoOy>k1aeT Bce MOTOKU U3 wait-set. Metoz notify() mpobysxaaetr onux
Clly4aifHO BBIOpAaHHBIIN MOTOK U3 JaHHOTO Habopa.

OnHako MPUMEHEHUE 3THUX METOJOB CBSI3aHO C OJHUM BaXHbIM OrpaHudeHueM. JIro6oil u3
HUX MOXXET OBITh BBI3BaH TMOTOKOM y OOBEKTa TOJBKO IMOCIIE YCTAHOBICHHS OJOKHPOBKH HA 3TOT
00bexT. To ects mub0 BHYTpH synchronized-010ka ¢ CChUTKOW Ha 3TOT OOBEKT B KayecCTBE
aprymMenTa, Ju0o oOpamieHns K METO/IaM JIOJDKHBI OBITh B CHHXPOHHM3HPOBAHHBIX METOAAX Kiacca
camoro oowekTa. PaccmoTpum npumep:

public class WaitThread implements Runnable {
private Object shared;

public WaitThread (Object o) {

shared=o0;
}
public void run() {
synchronized (shared) {
try {

shared.wait () ;
} catch (InterruptedException e) {}
System.out.println ("after wait");

public static void main(String s[]) {

Object o = new Object();
WaitThread w = new WaitThread (0);
new Thread (w) .start();
try {

Thread.sleep (100);
} catch (InterruptedException e) }
System.out.println ("before notify")
synchronized (o) {

o.notifyAll();

’

Pesynsrarom mporpammsl Oyaet:

before notify



after wait

OOpatute BHHMMaHue, uTo Merton wait(), kak wu sleep(), Tpebyer o00OpaboTKU
InterruptedException, To €cTh €ro BBITTOJIHEHHE TaKKE MOXHO MpepBaTh MeTogoM interrupt().

B 3axmouenue paccMoTpum 0osiee CIIOKHBIN MpUMep Ui TPeX MOTOKOB:

public class ThreadTest implements Runnable {
final static private Object shared=new Object();
private int type;
public ThreadTest (int 1) {
type=i;
}

public void run() {

if (type==1 || type==2) {
synchronized (shared) {
try {

shared.wait () ;
} catch (InterruptedException e) {}
System.out.println ("Thread "+type+" after wait()"):;
}
} else {
synchronized (shared) {
shared.notifyAll();
System.out.println ("Thread "+type+" after notifyAll()");
}

}

public static void main(String s[]) {

ThreadTest wl = new ThreadTest (1) ;
new Thread(wl) .start():;
try {

Thread.sleep (100);
} catch (InterruptedException e) {}
ThreadTest w2 = new ThreadTest (2);
new Thread (w2) .start():;
try {

Thread.sleep (100);
} catch (InterruptedException e) {}
ThreadTest w3 = new ThreadTest (3);
new Thread (w3) .start():;
}

PesynbratoM paboThl mporpaMmbl Oy/IET:

Thread 3 after notifyAll ()
Thread 1 after wait ()
Thread 2 after wait()

PaccmotpumM, uTo mponsonuio. Bo-nepBbix, ObLT 3ammyIieH MmoToK 1, KOTOPBIA TYT K€ BBI3BA
MeTon wait() ¥ IPUOCTAHOBWII CBOE BBINMOJIHEHHE. 3aTe€M TO K€ CaMO€ MPOU3OIIIO C MOTOKOM 2.
Jlanmee HauYMHAET BBITIOJIHSITHLCS ITOTOK 3.

Cpasy oOpataet Ha ceOs BHUMaHue cienyromuil ¢pakt. Eme norok 1 Bomen B synchronized-
070K, a cTajno ObITh, YyCTAaHOBWI ONOKHPOBKY Ha o0BekT shared. Ho, cyns mo pesynsraram, 310 He
MOMeIIaJIo U NOTOKy 2 3aiiTu B synchronized-61ok, a 3atem u noroky 3. Ilpuyem, 1t nocnenHero
3TO IPOCTO HEOOXOAUMO, HHAUE KaK MOXKHO "pa30yauts" nmotoku 1 u 2?

MOXXHO cpaenaTh BBIBOJ, YTO IMOTOKH, MPEXJE YeM MPHUOCTAHOBUTH BBINOIHEHHE IOCIE



BbI30Ba MeTO/1a Wait(), OTITyCKalOT BCe 3aHAThIE OMOKHPOBKH. MTak, BbI3piBaeTcs Meton notify All().
Kak yxe ObUlO CKa3aHO, Bce MOTOKHM M3 Wwait-set BO30OHOBISIIOT CBOIO paboTy. OnHaKo uyTOOBI
KOPPEKTHO TPOJODKUTh HWCIOITHEHUE, HEOOXOMUMO BEpHYTh OJOKMPOBKY Ha OOBEKT, BeIb
cleyrolas KOMaH/a TaKkke HaX0auTcsl BHYTpH synchronized-6mioka!

[Tonyuaercs, uro gaxke nocie BbI3oBa notifyAll() Bce moToku He MOTyT cpa3y BO30OHOBUTH
paboty. JIuie OAMH U3 HUX CMOXKET BEpHYTh ceOe OJOKMPOBKY M MPOJOKUTH padboTy. Korna on
MOKMHET CBOW synchronized-O10K M OTIIyCTHT OOBEKT, BTOPOH MOTOK BO3OOHOBHUT CBOIO padoTy, u
Tak jnajiee. Eciny mo xakoil-To mpuunHe oOBEKT Tak U He OyleT 0CBOOOX/IEH, MOTOK TaK HUKOTIA U
He BbIAAET u3 Mmetoma wait(), maxe eciu Oymer Bbi3BaH Meton notifyAll(). B paccmorpennom
IpUMepe MOTOKHU OJUH 3a JPYTUM CMOIJIM BO30OHOBHUTH CBOIO padoTy.

Kpome toro, onpenenen meron wait() ¢ mapameTpom, KOTOPBINA 3aJ1aeT MepUuo TaM-ayTa, 1Mo
HCTEYEHNU KOTOPOT0 MOTOK CaM MOMBITAeTCsl BO30OHOBUTH CBOIO paboty. Ho Hauate eMy npuaercs
BCE PaBHO C TIOBTOPHOTO MOJTYYSHHS OJOKHPOBKH.

3aknryeHue

B aT0i1 nexiuu ObLTH pacCMOTPEHBI TPUHIIMITBI TOCTPOCHUST MHOTOTIOTOYHOTO TIPUIIOKEHHUS.
B nauane pa3Oupanuch TOCTOMHCTBA M HEAOCTATKH TAaKOM apXUTEKTypbl — Kak npaBwio OC He
BBIJICJISICT OTACIBHBIN MPOIIECCOpP MOJ Ka)Ibli MPOIECC, a 3HAYUT MPUMEHSETCS mpolieaypa time
slicing. bpuT0 BBIZENICHO TP MPU3HAKA, YKA3bIBAIOUIME HA IIEIIECO00Pa3HOCTh 3aITyCKa HECKOIBKUX
MIOTOKOB B PaAMKax MPOTPaMMBI.

OcHoBy paboThI ¢ motokamu B Java cocraBisitor nHTepdeiic Runnable u xmace Thread. C ux
MOMOIIBI0 MOXKHO 3allyCKaTh W OCTaHABIMBATh IMOTOKH, MEHITh WX CBOKMCTBA, CPEIU KOTOPBIX
OCHOBHBIC: TIPHOPUTET MW cBOHCTBO daemon. ImaBHas mnpoOnema, BO3HHMKAMOMAS B TaKHX
porpamMmax - OJJHOBPEMEHHBIHN TOCTYI HECKOJIBKUX MOTOKOB K OTHUM U TEM XK€ JaHHBIM, B TICPBYIO
odepenp -— K mojsiM o0bekToB. Jlisi moHMMaHus, Kak B Java pemraeTcst 3Ta 3agada, ObUT CleNaH
KpaTkuii 0030p Mo opraHu3anuu namsatd B JVM, paOGoTbl ¢ MepeMeHHBIMH U OJIOKHPOBKAMH.
BrnokupoBkH, HECMOTpsl Ha Ha3BaHWE, CAaMH IO ce0e HE OrPaHMYMBAIOT JOCTYN K IEPEMEHHOM.
[IporpaMMHCT UCTIONB3YET UX Yepe3 KIoUYeBoe ciIoBo synchronized, koTopoe MOKeT OBITh YKa3aHO
B CUTHAaType METO/a WM B Hadaje Ojoka. B pe3ynbrare BbImosHEeHHE HEe OyAeT MPOAOIKEHO, TTOKa
OJIOKHUPOBKA HE OCBOOOIUTCSI.

HoBplil MexaHM3M TNOpPOXAaeT HOBYIO mpoOiemy - B3auMmHble OnmokupoBku (deadlock), k
KOTOPOH MPOTPaMMHUCT BCETrna IODKEH OBITh TOTOB, TEM Oosee, 4To Java He MMEeT BCTPOCHHBIX
CPEACTB JUId ONpEAETCHUs TakoW cuTyaluu. B nexmuu pazOuparncs mpumep, Kak OpraHu30BaTh
paboTty mporpaMmbl 0e3 "3aBUCAHUA" OKUIAIONIUX TIOTOKOB.

B 3aBepuieHue paccMaTpuBaIMCh CIEIMATU3UPOBaHHBIE MeToAbl Oa3zoBoro kiacca Object,
KOTOPBIE TaK)Ke IMTO3BOJISIIOT YIPABISITh MOCIIENOBATEIIEHOCTBIO PA0OTHI TOTOKOB.

3. JononHuTenbHaa nuteparypa
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3. I'epGepr unar, xeiimc Xonmc MckyceTBo mporpaMMupoBaHusi Ha JAVA.
4. Ilarpux Horton, I'ep6ept lunar IMoaublii cipaBoynuk mo Java.

Pexymendyemca camocmoamenvHo U3y4umy cOEPEMEHHble CPEeOCmea MHO2ONOMOUYHO20
npozpammuposanusn Ha J2SE 6.0, komopwvie xpanamuca 6 nakeme java.util.concurrent.

4. NMopsAAoK BbINOMHEHUA paboThbl

B cooTBeTCTBUYU C BADHAHTOM BBIMIOJIHUTE CIIEAYIOLIEE OCHOBHOE 3a/1aHuE:!

1. Coznaiite HOBBIN TTpoeKT B cpene Eclipse.

2. Co3matb KJ1acchl 1 UHTEPQECH B COOTBETCTBHUH C 3aaHUEM.

3. IloMecTUTh CO3ZIaHHBIE KIIACChl U MHTEP(EICHI B MAKET.

4. Co3naiiTe BHE MakeTa yIpaBJIAIOIIMA KJIacc, TPeayCMOTPEB B HEM TOUKY BXOza



(main), KOTOpBINA OyET MOAKIIIOYATh MAKET U OCYLIECTBIATh TECTUPOBAHUE Pa3pabOTaHHbIX
KJIacCOB M uHTepdeiica.
5. IToaroToBBTE OTYET O BHITIOTHCHUH J1a00PaTOPHON PabOTHI:

JIyist ycenHoM ¢iauu J1abopaTopHOi pabOThl HEOOXOIUMO:

1. MNpEACTaBUTL IIPCIIOAABATCIIIO OTJIaXXECHHBIN  KOJI nporpaMmbl  JIst  YKa3aHHOTI'O
BapHaHTa 3aaHWs,
2. IHOATOTOBUTH OTYCT IIO pa60Te.

5. Nopspok ochopmneHnsa otyeTta

OTueT 0 BBINOJIHEHUH J1AOOPATOPHOM pabOThI JOIKEH COAEPKATh!
1) TUTYNBHBIN JHUCT;

2) 3a1aHME;

3) TEKCT MpOrpamMMmsl;

4) pe3ynbrarsl paboThl MPOTPAMMBI.

6. BapuaHTbl 3agaHum

Pa3paboraTe kitacc, UMEIOIIUN METOMABI JUIsl YCTAHOBKU M YTEHUS 3HAYCHHM MEPEeMEHHOM.
Co3naTh HECKOJBKO IOTOKOB, KOTOpBIE CHayaja YCTAaHaBIMBAIOT 3HAUYCHHE OTOMU
MEPEeMEHHOM, a 3aTeM CYMTBHIBAIOT €ro, BBIBOAS HH(OpManuio 00 YCTaHOBIEHHOM U
CUMTAHHOM 3HaYeHHX. [IpogeMOHCTpHpOBaTh pabOTy ATHX MMOTOKOB.

Co3naTh HECKOJIBKO MOTOKOB, KOTOpPhIE 00paIiaTcs K €AMHOMY JI BCEX MOTOKOB CIHUCKY
00bekTOB Integer, ycraHaBIMBasi M CUMTHIBAas 3HAUCHHSI M3 HETO M BBIBOJAS PE3yJBTATHI.
[IponemoHcTpHpoBaTh pabOTy TOTOKOB 0€3 KCMONb30BaHUS M C HCIOJIIb30BaAHUEM
CHHXPOHH3AIINH.

Ha ocHoBe BapuaHTa MNpeAbLAYIIETO 3aJaHus, B KOTOPOM METOABl JOCTyNa K CIHCKY
CHHXPOHH30BaHBI, IPOJIEMOHCTPHUPOBATH PadOTy MOTOKOB, UMEIOIINX PAa3HBIC MTPUOPUTETHI.
(Mcnonb30BaTh BBIBO MOTOK MH(OpMaIuu o cebe).

PazpabotaTe mporpamMmy, BBIOJHSIOIIYI0 COPTUPOBKY MAacCHBa METOJIOM «ITy3bIPbKa» M
BBIBOJAIIYIO PE3YyJbTaThl MPOMEKYTOUHBIX M KOHEYHBIX BBIUMCICHHMH, a TaKXkKe Bpems,
3aTpayeHHOE Ha BBIUMCIICHUS. BBIUMCIIEHUS OCYIIECTBIAIOTCS B OTICIBHOM IIOTOKE, a
BBIBOJI PE3YJILTATOB — B IIOTOKE-/IEMOHE.

PazpabotaTe nmporpamMmy, BBITOJHSIOIIYI0 COPTUPOBKY CIYy4aiHOTO OJHOMEPHOI0 MacCHBa
pa3IMYHBIMM MeToJaMHu (BCTaBKa, BBIOOp, My3blpek). Kaxaplii anroputM COpPTHPOBKU
paboTaeT B OTJEIBHOM IOTOKE U BBIBOJUT PE3YJIbTAThl COPTUPOBKH MPHU Hayayie KaKIoro
HOBOT'O MIPOX0Ja B BUJE CTpoku <Ha3zBaHue airopuTMa™> : <CMHCOK 3HAYEHU>

PazpabGotaTe nporpaMmy, IEeMOHCTPHPYIOIIYIO CHUTyalusi B3aUMHON OJIOKHPOBKH IPH
oOpallleHuu ABYX MOTOKOB K MAacCHBY 3HAUCHUMU, MPUBOJIALICH K 3aBUCAHHUIO MPUIIOKEHUS
(deadlock). IToToku mbITaOTCA OTCOPTUPOBATH MACCHB PA3IUYHBIMU METOJAMH. 3aTeM
MIPOJIEMOHCTPHUPOBATh, KaK TAKOW CUTYallMd MOKHO H30€KaTh.

[IpomeMoHCTpUPOBATH MPOrpaMMy, B KOTOPOM pa3Hble MOTOKM oOpamaroTcs K Qaiiy,
ucrionb3yst metonbl wait(), notify(), notifyAll(). dns pa3paOGoTKu KIaccoB IOTOKOB
ucnonb30BatTh HHTEpdetic Runnable.

CocrtaBuTh NporpaMmy, OOECIEUMBAIOINIYIO0 co3/aHue (aiiya, 3amuch JaHHBIX B (aitnm u
yTeHHe NaHHBIX u3 ¢aina. [Ipu BBIMONHEHWM OMepanuu 3alucu Tporpamma J0JKHA
3ampammuBarth y I0Jb30BAaTENsl MO3MIMIO JaHHBIX B (Qaillie u HOBOE 3HAYEHHE, MpU
BBITIOJTHEHUH OTIEPAllMU YTCHUS - 3aIPalTNBaTh MO3HUIIUIO JAHHBIX ¥ BHIBECTH JaHHEIC.
Heo6xomumo obecreunTs KOPPEKTHYIO pab0Ty HECKOJIBKHX DK3EMIUISIPOB 3TOH MPOTPaMMBbI
OJTHOBPEMEHHO. 3aluch JaHHBIX B (aill B KOHKPETHYIO MO3UIMIO JOJDKHA pa3peraTbes
TOJIBKO OJTHOMY SK3EMIUISPY MPOrPaMMBI.



9. PaspaboraTe mnpocToe MHOronoTrouHoe mpuioxkeHue. I[lepBeiii morok renepupyer 100
CIly4allHBIX YHCENI M MOMEIIAeT MX B MAacCHB. BTOpO#l MOTOK, MOOYEpenHO BBIOMpAs 3TH
qucia, BBIYUCIACT 3HAYCHHUC CHHYCa Ui KaXI0ro M3 HHX, n I[O6aBJ'I$IeT €ro B
pesynbrupyonmii MaccuB. [Ipn 3ToM, MO Mepe BBHIOOPKM YHMCEN M3 IMEPBOTO MaccUBa,
IMPOUCXOOUT I[O6aBJ'ICHI/I€ HOBBIX TyJda K€ ICPBBIM IMOTOKOM, TakK 9TOOBl KOJIUYECTBO
3JIEMEHTOB JIEP’KAIOCh Ha YpoBHE AecsATH. O0ecnednTh CHHXPOHU3ALUIO TIOTOKOB.



