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BBEAEHUE

Yurareaw

Bol gepxuTe B pykax Tom II ceapmoro nananua KHurH Java 2. Bufizuomexa npodeccuonana.
B tome I onucaHbl OCHOBEBI A3BIKA, & TOT TOM NOCBSALICH 00Jee (IOKHLIM BOIIPOCAM 1IPO-
dbeccoHaNbHOrO NporpaMMupoBanua. JaHRoe U3gadie, KaK B BCE NPEABLAYIIHE, IIPEaHA-
3HAYEHO 048 MEX NPOZPAMMUCHIOS, KOMOPYIE XOMAM UCHOABIOEAMY MEXHOA02UI0 Juva 048 cosdanus
peaasnbix npoemos.

OIBITHRIM MPOrpaMMHCTaM, KOTOPBIM 3HAKOMBI 5a30BbI€ CPEACTBA Java U 60ice CIOXK-
HBI¢ [IOHATHSA, HAMPUMEP BHYTPEHHUE KIACCHE MM YHUBEPCATLHBIE THIIBI, MONCHO NPORYC-
mums mom | ¥ cpasy IpucTynaTs K usyicHuo toMa I1. (B Hem coaepxurcsa Gonploe Ko
YecTBO CCRINOK Ha ToM I, 1 Ml HajeeMcs, YTo BBl npHoGperete 06e kuuru. Ecan xe no ka-
KHM-TO nOpudHHaM ToM 1 Gyger BaM HEJOCTYUEH, MaTepWanbl, HeoDXOAMMBIE JUIs
noHuMaHus Toma 1, MOKHO HAWTH HPaKTHYECKH B JIIOOOM JOCTATOYHO NOAPOOHOM PyKo-
BOJACTBE, OCBAMEHHOM ru1aTgopme Java.)

pwr cospanum HTOH KHIT HEM3GEKHO MOTIH BORHHKHYTh ONIHOKKM M HETOYHOCTH, Msl Gy
AeM MPU3HATEARHB! YKWTATEAAM 3a 06y HEGOPMAIMIO O HEAOCTATKAX JAHHOHW KHHIM.
Bce matigennrie omGkn, ONEYATKH, A TAIOKE OTBETHI HA YACTO BOZHHKAXOIME BOIIPOCH Epe-
upcnenst Ha Web-ctparuue http: //www. horstmann. com/corejava.html. B kouue me-
PeYHA 3aMEYCHHBIX OIMGOK €CTh AHKETa, B KOTOPOH MOXHO YKa3aTh BCTpeYeHHEIe HETOY-
HOCTH M 3AIIHCATD CBOM IIOXeaaHus. Mecto g5 3Tolt aHKeThl BBIOPAHO CHeHUATLHO, YTOOR
YHTATENb CHAYAA IPOYMTAI BOIPOCHL H O3HAKOMMICA € OIEMGKAMH, BLISBICHHBIMU JPYTH-
MU IToab3oBaTeAaMu. TloxkanyiicTa, HE Orop4aliTeCh, €CIM MBI HE OTBETHM Ha KaXABIA BO-
IpOC WK OTBETHM HE Cpa3dy. Mpl uuraeM Bce coOBMEeHNs ¥ GAarojapyuM Bac 3a CrpeMieHue
caenaTs Oyayure M3AaHWA KHATH DOHATHEE U TOTHEE. '

O xHure

I'mapsl kupru nowru BE cBA3AHEBI RPYI‘ c APYIroM, IIO3TOMY HX MOXHQ HHTATL B awboM
opaaKe.

B rmape 1 paccmaTpuBaeTe MeXaHMRM Muozonomownocmi. TIOIAEPHHA HECKOIKHX IIOTOKOB
MO3BCJAET OPraHH30BEIBATE NAPAICBHOE BRIIOAHEHHE PAsHBX 3afa4. Bl yaHaere, kak 3amyc-
KaTh TIOTOKK M 00eCHeIMBATD 11X CMHXPOHI3AI0. Cpeacrpa paborsl ¢ HOTOKAMH CYIUECTBCHHO
M3MEHWINCE ¢ roapiereM [DK 5.0; sce namenenus nogpobHO ONMCBIBAIOTCH B 9TOMH rase,

I'napa 2 noceamena pacemoTpennio Habopos aannex. Ecan pam Heobxozmmo obeenn-
HHUTb HECKOIBKO OOBEKTOB M KCIIONBIOBATL UX B ﬂaﬂbHCﬁlﬂeM, Bbl HEMHHYCMO NpHACTS
K BEIBOJY, YTO PEIUHTh TCA00HYIO 3a1a%y IIPOIIE BCEro, NCIOabaya Habops! JaHHeX. B aTo#
rnase l'[OI[pOﬁHO PaccMaTpPUBAXOTCA HEKOTOPBIC CTAHAAPTHLIC Ha60pm. Iio CPaBHCHHUIO
€ OPEABIAYIAM H3GAHMEM MATEPHAN TIABLI IOMHOCTBHO nepecMorped. puumpoi crato
rossiente B JDK 5.0 yuusepcarbHpiX 1aB0POB JaHHBIX,

B rnase 3 onuceiBaeTca API, nipenuasHageHnbiil dag pabomse ¢ cemamu. Bhr yaHaeTe, xax
VCTAHARTHBATD COSAUHEHH ¢ CEPREPAMH, KAK PEaTH30BATh COOCTEEHHRI cepBep U KaK op-
ranuzopaTs HTTP-psamMogeiicTere. 3aBepruaeTes TIaBa PACCMOTPEHHEM TAKUX BAKHBIX
BOIIPOCOR, KAK OJJHOCTOPOHHEE 3aKPHITHE COSAUHEHNA U TIPEPHIBAEMBIE KaHA/IbI.
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B rnape 4 paccmarpupaeTca pabora ¢ 6asamu gaHHbIX, OCHOBHOEC BHUMAHHWE YACAHETCS
JDBC — AP1, xoTopblif IO3B0IACT Java-TIporpaMMaM B3aHMOAEHCTBOBATD C PEAALHOHHEIME
Oasami JaHHBIX. OMHCBIBAETCA, Kak OPraHH3oBaTh 00MeH ¢ 6a3o0il, HCIIOAB3YH OCHOBHbIE
drvakniuu APT JDBC. YuTHTe, 9ITO 3TO JIEKO HE IOTHOES ONHCAHHE BCEX BO3MOMKHOCTERH
JOBC — ana ero nofpofHOrc paccMOTpeHHA norpedyeTca HANWCATh OTACALHYIO KHHTY.
3apepriaeTcs rdBa KPaTiMM BBEACHHEM B VepapxXudeckne 6adbl AaHHABIX; MBI OOCYIM
JINDI (Java Naming and Directory Interface) 1 LDAP (Lightweight Directory Access Protocol).

I'nasa b nocsamena pachpeaeaeHHbIM ofbekTaM. B Hell moapo6HO paccMaTpHBaeTCH
texnonorus RMI (Remote Method Invocation), nossossomasn padoTaTs ¢ Java-0obeKTaMu,
PACNOIOKCHHBIMHE HA PAa3HBIX KOMIBIOTEDAX, 3areMm KPATKO 06CY}K}I&!OTCH CPE,HCTBE[
CORBA {Common Object Request Broker Architecture) u femoncTpupyercs B3auMogeit-
crBue OOBEKTOB, HamucadHbix Ha C++ u Java. B xovile raaspl pedb HAET O TEXHOJIOTHH
SOAP {Simple Object Access Protocol). Tas ke npuBoAMTCA OpHMep B3aUMOAeHCTRHAS Java-
mporpamMMsl ¢ Amazon Web Service. ,

B rnane 6 oTpaXens! Bee BONPOCHI, CBAZAHHBIE ¢ paBoToH 6HOMNOTEKU Swing, KOTOpLIe He
YAATOCH [TOTHOCTRIO OCBETHTh B ToMe . B Hell puccMATPUBAIOTCA CIOMKHBIE KOMITOHEHTH! HA
OCHOBC HEPAPXUIECKHX JPCBOBUIHLIX CTPYKTYD H TaGJII/IH. HpI/IBO,I[HTCH CREJACHHA O TIAHENIK
PEAAKTUPOBAHHS U PEANHMIAITHI MHOTOJOKYMEHTHOrO HHTepdetica cpefcTamu Java. OcHoOB-
HOE¢ BHEMAaHHE B 3TOH MIABe CKOHICHTPHPOBAHO HA [PAKTHHECKMX MPHMEPAX MCIOIH30BA-
HuA 6ubanoreku Swing, Onycadye He DPeTeHAyeT Ha HoAHoTY. s noapoldHoro onHcaHus
570i GHOIHOTEKH NOTPeBYETCH HECKOIBKO TOMOR; GoAbIIas YacTh MATEPHAIA OYAET MHTEPEC-
Ha TOTEKO Y3KOMY KPYTY Hpoghe¢CCROHAIOB.

B rmare 7 pacemarpusactea API 2D, npegHasHayeHHRIH And CO3ZaHnA U30Opaxennd,
a TAKKE OTHCBIBAIITCH HEKOTOPBIE CIOKHBIC KOMIIOHeHTh nakera AWT (Abstract Window
Toolkif), koTOpEIE He BOULTH B TOM [. ITH KOMIOHEHTSH! NpEAHA3HAYEHN JUIA [TEHATH, KO-
POBaHHs H BCTABKY, MEPETACKHBAHMA 06LEKTOB M BEITOJHCHHA MHOIHX JPYIHX OlI€PaliuilL.

B rnase 8 onucrisaerca API xas paboThi ¢ koMnonentamu JavaBeans; paccMaTprBaioTes
CIIOCOBB CO3NdHHUA KOMIIOHEHTOB, KOTOPBIC MOI'YT HCIIONLIOBATHCA APYTHMU HDOTPAMMH-
CTaMM B MHTETDHPOBAHHBIX CPEAaX DPaspaboTKy NpHRcKenHit. B Koume raasel pedun MaeT
00 UCTIOIB30BAHNH TOCTOIHHBIX KOMIIOHEHTOB ]avaBeans AJA XpaHeHI/IH AAHHBIX, HpPHYEM,
B OTIMYIHE OT MEXdHHU3MA CEPHANH3AIMH, JavaBeans oBeCcneInBaT JATHATEIbHOEC XPHHEHHC
HA(OPMALHH,

B rmape 9 BRI NO3HAKOMHTECH C MoOelvi0 sauyume; Java, Boupochl 6€30MacHOCTH M3HA-
YANLHO TPHHUMAINCE BO BHUMAHHE TIPH pa3paboTke TAHHOTO H3BIKA, W B 3TOH MABE TOg-
poGHO paccMAaTpPUBAETCH MeXaHuaM obecnedeHun HezoracHocrd. Ha mpakTuueckux tpu-
MEpAX ASMOHCTPRPYIOTCH CMOCOGh COIAHMA COTCTREHHADIXY 3APYIUMKOB KIACCOB 1t AUC-
HETYEPOB IAMMTHl AN CHEIHANLHELIX IPFUIoxesni. Kpome Toro, 34eCh PACCMATPHBACTCH
APl samuTet, NpesoCTABILIOMUE CPEACTBA NOANMNCH COOSMEHNA U Kojga, mudporanus,
asToOpu3a w1 RyTQHTH(pHKEL{IHH. o CPaBHCHMIO € HPEABIAVIUNM M3HAHUAM 2TA rJjaga
TOAREPINACH CYMECTREHHBIM HaMeneHuaM. B meit oTpamkenst anropurmel AES 1 RSA,

B rrase 10 omucuiBaroTcs HHECTPYMERTH UkmepRayucnatusayuy nproxeduwii. Co speme-
HIIM 3TH VHCTPDYMEHTH CTaHORAT Y BCC Gonxee BAKHEL ,HCJIO B TOM, 4TO ]ava SABJIACTCH OAHNM
W3 HEMHOTHMX S3BIKOR [IPOrpaMMUPOBAHNA, B KOTOPOM M3Hadaibyo Onita HCHoML30RaHA
kopuposka Unicode. Oauako npefycMOTPeRBRE & Java MHCTPYMEHTH HETePHAIBORATK3A-
nuH obecHeyrHBaAT ropasio Gosec ofmmpHpe BOAMOKHOCTA. OB TOIROASIOT HE TOALKD
AFANTHPOBATH NPWACKEHMA AIA PAIHLIX AIHIKOB, HO ¥ YIUTHIBATH DU 3TOM PETHOHANDLHbIE
CTANARPTHL. B ®auecTRe TPUMEpa 3jech PACCMATPHBACTCH ATLIETHKATLKYASTOP, OPEROCTAR-
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JSIOMMA, B 3aBHCHMOCTH OT YCTAHOBOK Opaysepa, aHMMMICKUH, HeMETIKMIE WM KUTAHCKMt
unTeptheiic.

B rmase 11 paccmarpusarTes maargopMeHHO-OPHCHTHPOBAHHEIE METOADI, NMO3BOLIO-
IHE BBIOJIHATE KOA, COBAAHHBLA A5 KOHKPETHOH MAIHHbBI WK cucTeMet. OYMeBHIAHO, YTO
UCIIONB30BAHUE HTHX METCAOB JIMIIACT IIPOTPAMMEL TAKOIO BAKHOTO KAMECTBa, KaK Iepe-
HOCUMOCTE. TeM HE MeHee NMPOheCCHOHANBHBIM NPOTPAMMICTAM C€AyeT 3HATH O TAKOMH
BOZMOMKHOCTH, NMOTOMY IIPU CO3JEHUHN C€PBE3HBIX TPMICKEHUH YacTO BO3HMKAET HEOGXO-
AUMOCTB UCMIOIBIOBAHAA (PYHKIIUI OTIepALHOHNON CHCTEMEL.

B raase 12 obcyxpaerca asmix XML, Peup mzer o pazéope XML-daitnos, reneparuu
AaHHBIX B opMare XML u pomonnenun XSLT-npeo6paiosannii. B xavecree nprMepa no-
Ka3aH0, KaK MOKHO 334aTh ¢ OoMOmbio XML-onmcanma KOMMOHOBKY 3J1€MEHTOB Swing.
B nanHoil rase noABMICAH HOBRIH padfern, nocsamenubii APl XPath. Srot nutepdetic cy-
MECTBEHHO YITPOINAET [IOMCK FAHHBIX B XML-noKyMeHTE.

I'naBa 13 nogpuaack TOARKO B ceIbMOM u3fanuu. B Hell 0GCYIRAAIOTCH AHLOTAITUY 1 Me-
TAAAHHDIE — CPEACTBa, peann3oBaHHble B JDK 5.0. AHHOTAUMA TO3ROMSIIOT BKIIOYATE B Java-
NpoTrpaMMy NPOU3BOALHYI0 HHpOpPMaIIo (MeTagaHHbIe}, 34eCh AeMOHCTPHUPYIOTCA IIPUH-
UMbl 06pabOoTKH AHHOTANMIT HA YPOBHE MCXOAHOro ¥ 6afiToOBOro koia. Bl yeuauTe, Kak
AHHOTAIHN MOTYT BAMHATH HAa MOBEJEHHE KTaCCOB BO BPEMH BbUIOJHEHUS IMPOTPAMMEL.
AHHOTAITUH MOTYT IPHMHECTH PEAILHYIO MOJIB3Y TOJBKO TPH HAIMYUM COOTBETCTBYIONHX
HHCTPYMEHTAIBHBIX CPEACTE, M Mbl HAZEEM s, UYTO MATEPUAA, H3JaraeMblii B 1aHHOI [J1aBe,
NOMOKET BAM [PABUIBHO OLUEHUTD JOCTYIIHBIE HHCTPYMEHTBI U BEIGPATh TE M3 HMX, KOTO-
phl€ Hauy4oIMM 0Bpa30oM HOAXOIAT A PEIIEHIS BAIICH 3aJaMH.

Coryramenus
Kax v 8 GOTBIIUHCTBE KHUT TI0 TPOTPAMMHPOBAHUIK, TEKCTH IPOrPAMM MPe/ICTABIAIT
€A € TOMOIILK} MOHOIMPUAERO DO WpudTa.

Tak ohopMAAIOTCH OBLIYHEIE 3AMEYaH A,

Tak BeIrNAART COBETH pazpaboTyrky No Gonee adheKTMBHOMY NCNONB3OBAHMIO Java.

Tak Mbl Npeaynpexaaem 0 BG3MOXHON ONacHOCTH.

B kHWre MHOrO 3amedaHmnil, kacalowunxes a3sika C++. OHWM ONMCEIBAIOT Pasnnuna Mexay
A36ikami Java u C++. Ecnv Aa3bik C++ He uHTepecyeT Bac, MOXeTe NPOnycTHTs 3TH saMe-
uaHun.

Application Programming Inté.rfa.ce

e
i ol
=i

fA3blk Java conpoeoxkpaeTcst GoNeWon BUBNMOTEKOR, Peanuayiowed npuknaiHoi npo-
rpammublia wHTepdeitc (Application Programming Interface — API). Mocne kaxporo
ynomuHaHua $yHkunn APl B KOHUE pazpena NnprBOAWUTCA € KpaTKoe oNUcaHue, KOTopoe
OTMEHYEETCA TAKOW NUKTOrPamMmMOnA. T onucaHus He hopMansHkel, OAHAKO OHW BOCHIPUHK-
MAJOTCH NpOoLLE, Yem OPUUMaNLHANA ACKyMeHTaums no APL.
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JlucTuHri nporpaMM oGopMIAIOTCA CAeAYVIOIHUM 06pa3oM:

JIucranr 5.8. Cogep:xnmMoe daiina WarehouseServer.java

Koapl Bcex mpuMepos MoxHO HafiTm Ha Web-caiiTe, MOCBAMECHHOM JMaHHOH KHHre
(http://www.phptr.com/corejava), a Takxke na Web-caliTe HIgATEABCKOIO IOMA
“Brumnamc” o agpecy: www . williamspublishing. com.




BNArOJAPHOCTU

Iucate xuury seerga TpyaBo. Coaxasare ee nepepaboTaHHbIl BapUaHT HEHAMHOIO JIeT-
4e, OCOOEHHO €CHU YYeCTh TOCTOSHHOE M3IMEHeHWE TEXHOJNOIMH NpPOorpaMMMpOBAHHA.
B nponecc maganMs KHUIH BCETAA BOBJIEHEHO MHOTO CHEHUATHCTOR, U MHE AOCTaBIAET
QoJIbIIOE VAOBROJILCTBHUE BBIPAZHUTH 6JIB.FO,II,apHOCTh BCEM WM.

Kak u npexae, pesaxTop H3gatenbcTsa Prentice Hall PTR Uper Jonu (Greg Doench)
BbITUJIHMT OFPOMHBII:'I oOBeM paﬁo‘rm 1o KOOP,E[HH&L[HPI BCCX ACIIEKTOB 3TOMQ CHAOXKHOrO
npoexta. Mepn Jloy Hop (Mary Lou Nohr) rTmareasso nposepuia BCld pyKoOIHCh H €€ CO-
OTBETCTEHE CTPOrHM IIPABUAAM UCIOABICBAHHA TOPIoBOi mapku Java. OHa TAKKe YICTHAA
BHHMIHHE HEMCUKHM A3BIKOBLIM KOHCTPYKIMAM, KOTODBIE HCROJMBIOBAIMCH B KHHTE,
Banecca Myp (Vanessa Moore) npoaesraia 6oaenyic paboTy no [OATOTOBKE KHHIHM K Teda-
1. Orpomuyio novons oxasani corpyaunky Prentice Hall PTR u Sun Microsystems Press.
S ¢ YAOBOIBCTBHEM HA3BAN GBI 31ECH MX BMEHA, HO B CUJY CBOEH CKPOMHOCTE OHH BOIPO-
CHJIN MEeHS He AedaTh sTor0. [IpuRony 61arogapHocTh COABTORY TIO NPERBLTYITM W3AAHM-
am kuuru Tapu Koprenny (Gary Cornell), xoTopsiii B macTosniee RpeMsa 3aHAT APYruMH
IPOEKTaAMH.

#1 nmpu3IHATENCH NMPEKPACHOM KOMAHIE PETICH3EHTOR, KOTOPBIM YAATOCk HAMTI MEOXKECTBO
OWHGOK M NPEAIOKHTD YAAUHBIE CIOCOOD MX yeTpadents. JaHHoe HIJAHHE PEeLCH3MPOBAIA:
Yax Dmcon {(Chuck Allison), penakrop C/C++ Users Journal ¥omadp Bepr (ClIff Berg),
xopnopanda iSavvix; ®penx Koen (Frank Cohen), xomnanua PushToTest; Bpaitaa Iorce
{Brian Goetz), xoproparua Quiotix; Pob T'oppor (Rob Gordon) w Jlxon T'peit (John
Gray), Xaprdopackuit yausepcurer; Nag Xaxn (Dan Harkey), yausepeurer wrara Cau
Xoce; Bunnam Xprrunce (Wiliam Higgins), woproopammsa IBM; Apmxemuxa Jlemrep
(Angelica Langer}, Mapx Jloypenc (Mark Lawrence) u Bo6 Jluau (Bob Lynch), Lynch As-
sociates; @wmmn Maiing (Philip Milne), koncyasrant; Xao ®am (Hao Pham) u Crus Cren-
TiHT (Steve Stelting), kommammsa Sun Microsystems; Kum Tormn (Kim Topiey), asrop Core
JFC, u Tlon Takime (Paul Tyma), xoucyasrant, Mx noMoms HeoeHMMA.

Tlpensiymme u3fadus KHArH pefaktuposumn Anex burton (Alec Beaton), xommanus
PointBase; Mxomya Baox (Joshua Bloch), wommanus Sun Microsystems; Mapug bpays
{Dawid Braown), a-p Hukonac Jx. de Janio (Dr. Nicholas J. De Lillo}, korrenmw Mapxat
e, Paxem Axynap (Rakesh Dhoopar), xommanua Oracle; Mlseun Iepu {David Geary),
kompands Sabreware; Ampxrena Yopaon (Angela Gordon) u Jsr Fopzow (Dan Gordon),
kompapss Sun Microsystems; Pob 'opaon {(Reb Gordon) n Kamepon Iperopu {Cameron
Gregory), olabs.com; Maptu Xonsr (Marty Hall), xafopaTtopns npuianuoit duanku yen-
pepcuteTa xoHca XonkuHea {The Johns Hopkins University Applied Physics Lab); Ban-
cear Xapam (Vincent Hardy), xomnasms Sun Microsystems;, Baagumup Msanosua
{Vladimir Ivanovic), xomnanus PointBase; Txeppu Jxexcon (ferry Jackson), xoMnanns
ChannelPoint Software; Tuv Kevmer (Tim Kimmet), xomnanus Preview Systems; Kpuc
Jagpdpa (Chris Laffra) » Yapau Jlait (Charlie Lai), xommasma Sun Microsystems; Hdyr
JIsurcron (Doug Langsion) u Jyr JIu (Doug Lea), xommanusa SUNY Oswego; I'paropu
Jouro {Gregory Longshore} 1 Mapk Mopprcen (Mark Morrissey), Oregon Graduate In-
stitute; Maxem Hurakanta (Mahesh Neelakanta), Atrantugecknii yaugepcuter Oropuis;
ITon ®unvos {(Paul Philion), Basiik Parcaenn (Blake Ragsdell) » Crioapr Pemec (Stuart
Reges), yausepcuter Apuaonwny Ilutep Camuepc (Peter Sanders), yumpepcmrer ESSI
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(Hunua, ®paunnun); Aepanr {lax (Devang Shah), xomnauus Sun Microsystems; Kpucro-
tpep Teittop (Christopher Taylor) m Jliok Teiirop {(Luke Taylor), xommanus Valtech;
HAxopmx Tupyearykan (George Thiruvathukal), Jxaner Tpays (Janet Traub) u ITurep pan
acp Jduagen (Peter van der Linden), koMmansas Sun Microsystems; bapr Yomn (Burt Walsh).

Keti Xopemmann
Can-Ppanmucko, cenTadps 2004 roga




OT H3gaTeJIsCTBA

Ba1, yiTatenh 510l KHUTH, U €CTh FAABHBIH €€ KPUTHK 1 KOMMeRTaTOPR. Ml lleHuM samie
MHEHHE ¥ XOTHM 3HaTh, YTO OBUIO CAENAHO HAMH IPABIIbHO, YTO MOXHO OBUIO CACHATDH
Ay4umie H GUTO €Ije BBl XOTeAM OBl YBHAETh M3J2HHBIM Hami. Ham HHTEpEeCHO YCIBIATH
U 0Bble APYIHe dJaMedaHid, KOTOPhIe BaM XOTeNoch 6bt BEICKA3ATL B HALI afipec.

Mzl x1eM BallHX KOMMEHTAPUEB M HaJeeMcA Ha HUX. Brl MoxeTe npucaath Ham Gymax-
HOE WIH 3JEKTPOHHOE NHChMO NGO NPocTo noceTnTh Ham Web-cepBep u 0CTABUTE CBOHM
sameuanus taM. OJHMM CAOBOM, JIOORIM YAOGHBIM JIsl BAC CIIOCOGOM failTe HaM 3HATD,
HPaBUTCA HIKM HET BaM Ta KHUTA, a TAKKE BBICKKWUTE CBOC¢ MHECHHE O TOM, KAk CAENaTh
HAl KHATH OoZee HHTEPEeCHBIMM JI4 Bac.

[Tocelras THCEMO MIIM COODHICHHE, He 3abyabTe YKa3aTh HasBaHIe KHHTH U €€ aBTOPOB,
a Takxke paul o6paTHRIN agpec. Mbl BHHMATENLHO (3HAKOMHMCA ¢ BAIIIM MHEHHeM H 06a-
3aTeNTbHO YYTEM €T0 NP OTGOpe M MOAroTOBKE K U3TAHMIO NOcaegylomMx kHur. Hamm
KOODAHHATLL:

E-mail: info@williamspublishing.com
WwWw: http://www.williamspublishing.com

Hudopmanus ps nucem

u3 Poccmm: 115419, Mocksa, a/a 783
u3 YKpauHb: 03150, Kuer, a/x 152 N






MHOIronoToO4YHOCTb

B 3Tov rnaee...

NoTokK

MpepbiBaKKE NOTOKCB
CoCTOAHWA NOTOKOB
CBOWCTBA NOTOKOB
CuHXpoHU3aLMA
Baanmuan 6nokvpoexa
Bnokupylolme ouepeam
Habopkl AaHHLIX ansA BezonacHor paboThl
C NOTOKaMM

Knacchl Callable n Future
Knacc Executors
CHHXpOHU3aTOPLI
MoTokit 1 Naket Swing

4 44 44444

4 4 4 4

q WTATEMH HABEPHAKA 3HAKOMBL C MOHSTHEM muonsadmunocms (multitasking), koTopoe
O3HAYAET CITOCOOHOCTDL OAHOBPEMEHHO BbINOIHATL CPa3y HECKONBKO nporpamm. Takmm
CBOMCTBOM 06/12/1a€T GOMLHIMACTBO ONEPAIMOHHEX cucTeM, Hanpumep, BBl MOXKeTE BBIBO-
INUTE JaHHBIE Ha APHHTEP M OJHOBPEMEHHO PEAAKTHPOBATL JOKYMEHT FUIM IICpEAaBATEH
thakc. Koneuno, €civ KOMIBIOTEp HE OCHANIEH HECKOJLKMMM MPOIIECCOPAMH, TO OIle PALlF
OHHAH CHCTEMA BCETO JHIIEL PACIPESSAAeT BLITUCIHTEILHBIE PECYPCHl MEXKJY PA3HBIMU
IPOTPaMMaMH, CO3AABAA BICYATICHHE WX NApANIeIbHOTO BRINONHEHM:A. Takoe pacnpeje-
JIeHUE PEeCYPCoB BO3MOMKHO IIOTOMY, YTO KOMIIBIOTEP HE BCETAA 3aHAT MOJe3HOI paborol,
HAIPHMEDP BO BPEMS BBOJA JAHHBIX IIPOHECCOP GOJBUIYIO 9ACTh BPEMEHH HAXOIUTCA B CO-
croauuu Gesgeficreua. (Jaxke mpy oucHp GBICTPOM Habope Ha KJAABHATYPE BBOJZ OJHOrO
cHMBOJIA 3aEAMaeT npuMepro (.05 cexyHIpL, a 3TO OrpOMHOE BPEMA N0 CPABHEHHIO € BEI-
[IOJHEHHEM OAHOH MaITWHHOMN KOMaH/BL )

MHOro3aiaqHoCTh MOYKET OBITH PEaJIM30BaHa ABYMS CHocOo0aMM: MnbC OnepalMOHHAS
cucTeMa 6e30roBOPOYHO NIPEPHIBAET BHIMOMHEHNE 330auH, THGO VIIDABIeHIE BO3BPANIAETCA
ONCPALYOHHON CHCTEME MO YCMOTPEHHIO CaMOIi IPOTPaMMLI, HAIIPHMED 110 OKOHYANNI BBI-
[IOJHEHUH HEKOTOPBIX feficTeuil. [lepnpill c1oco6 HAILIBAGTCA GbiMECHAIUE MHOZOIADAUNHO-
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emuto (preemptive multitasking), a BTOpOH — xoonepamusnoti (KN HegbimechaOUetl) Muozozadawmo-
emwio (cooperative multitasking). KooneparvpHad MHOro3aJadHOCTh HPHMEHANAChE B CTAPBIX
onepauronHLIx cucremax Windows 3.1 u Mac O85 9. Ceifiuac ora Hcnoanzyerca B mpocThix
YCTPOHCTBAX, HAIpHUMEP MOGIVBHBIX TeacdoHax. BuITecHAOmAR MHOro3agaqyHOCTb Xapak-
TepHa A8 TakUX oHepalMoHHEBIX cucTeM, kak UNIX/Linux, Windows NT /2000 (a Taxxe
i 32-paspagHbix 1porpaMM, BLEINORHAIIUXCA B cpefe Windows 95) u Mac OS X. (Boire-
CHAOILIASA MHOTO33AAYHOCTh ropasac »peKTHBHEE KOOIEPATUBHON, HO €€ CIOMKHEE OPraHu-
308aTh, CACAYET TAKKE YUECTh, YTO HEKOPPEKTHO HAIIMCAHHAS MPOTPAMMA B PEXKIEME KOOIE-
PATHBHOI MHOr0331aYHOCTH CTIOCOGHA [IOTIOTHTD BCE BEIYHCIMTEIBHEIC PECYPCHI CHCTEMEL )

MHOTronoToYHbIE NPOrpaMMbl PasBHBAIOT HACI MHOTrO3aJadHOCTH Ha Oojlee HHU3KOM
YPOBHE: OTACABHBIEC IIPOTIPAMMBI CIIOCOGHBI BBIIIOJHITE “OJHOBPEMEHHO” HECKOJIBKO 3aJat.
Kaxknaa sagaya o6bIMHO COKPaIIEHHO HA3bIBAETCA homoxom (thread), a MOIHOCTBIO — nomo-
won ynpasaerun (thread of controf). [Iporpammel, npyu paGoTe KOTOPEIX MOAACPIKHBACTCA JB2A
K G0oAee IOTOKOB, HA3LIBAKTCA mHozonomowwotmy (mullithreaded).

B ueM xe pasHMIIA MEXKAY BLIIOJIHEHHEM HECKOIBKUX RPOUCCCOS N HECKOIBKHX ROMOKGE?
CymecTeeHHOE pasfIH<ie 3aKI0YaeTca B TOM, UTO KaXIBIH MMpomecc MMeeT Habop coboT-
BEHHBIX [TePEMEHHBIX, TOTKA KaK IIOTOKH 06palialoTes K OXHUM U TeM ke naHubiM. Ha nep-
BbIH B3PAAJ 3TO BBEIMAIMT HECKOJIBKO PUCKOBAHIIO M, KaK [I0Ka3aHo jajee B IJIABE, TaK OHO
1 ecTb. TeM He MeHee CITIOCOGHOCTD K pa3de eHHIO JaHHBIX MO3BOJISET OPraHH30BaTh Gonee
3ppeKTHBROE B3aHMMOJEHCTBHE MEXKAY TIOTOKAMH, YEM 3TO BOZMOIKHO B CIydae HeCKOIBKHUX
nponeccoB. K ToMy ke ropas3fo npoine coO34aBaTh M YHUITOKATE OTAEAbHBIE TIOTOKH, HeM
3aMyCKaThb HOBBIE IIPOLIECCHI, H HMEHHO NO3TOMY BCE COBPEMEHHBIE OIIEPAl{OHHBIE CHCTE-
MBI HOAEPAHBAIOT MHOTOIIOTOYHOCTb.

MuorornoTouHocTs MMeET OUCHE GOJBIIOE NMpakTHdeckoe 3HavcHde. Hanpumep, Gpayaep
ACJBKEH 004 ATh BO3MOKHOCTBIO OHOBPEMEHHOI 3aIDY3KH HECKO/IBKHY, U300PLUKCHUI, 4 [I0YTO-
Basi MPOTpaMMa AO/DKHA TIO3BOIATh YHTATh CTapble COOOIIEHHS BO BPEMSA TOJVYEHHA HOBBIX.
B smeike nporpaMMupoBaHis fava HCTIONB3YeTCo CICHHAIBHEIA NOTOK 4718 “cGopru Mycopa” B (o-
HOBOM PEXMME, KOTOpaA H3GARIAET MPOTPAMMUCTOR OT HEOOXOMMMOCTH YIPABIATL TAMSTHIO!
Tlporpamumel ¢ rpadMuecKnM O/IB30OBATENBCKHM HHTEpEHCOM HMCIONBSYIOT OTASHBHBIN IOTOK
Just cbopa MHGpOpMAITM O COGBITHX, TIOCTYIAICIIEH M3 OepalMoOHHOMH cHcTeMbl. B aToil riase
OMNUCBIBAIOTCSL CII0COGBI CO3MAHMS MHOTOIIOTOYHBIX [IPIVICHKEHHH H alUICTOB HA SI3BIKE Java.

C nossrenueM JDK 5.0 cpeacTsa moAfep:KKH [IOTOKOB IIPETEPNENH CYIECTBEHHBIE H3-
meHeHns. PazpaGoTunkam ObUIHM NPEJIOKEHB! KAACChl M MHTEPgeHchl, pealusylomue Te
BO3MOXHOCTH, KOTOPbIX JTaBHO HENOCTARAIO NporpaMmucTtaM, paGoTalimM Ha Java.
B naHHoOIi raBe paccMaTpHBaoTCd cpelcTsa, BeefedHble B JDK 5.0, a Take wraccudeckuit
MEXaHM3M CHHXPOHM3ALNH IIOTOKOE. B peayabrare, IPUCTYIHNB K PEIICHUIO MPAKTHYECKOH
3aa4M, BbI CMOXKETE BBIOPATh 1t ceGa Hanbonee NOAXONAIEH HHCTPYMEHT.

YutHuTe, 4TO CO343aBATE MHOTONOTOYHBIE IPHICKEHNS OTHIOAD HE IPOCTO. B 3101 rnase
IIpeACTABJEHEl BCE CPEACTBA A3bIKA Java, HeoOX0AHMEBIE /I8 MHOTOMOTOYHOTO IPOTPAMMU-
popanna. Oanako ana Sonee noapoGHOro N3y4eHHA aTOM TEMbI CHEAYET OOPATUTHCA K KHI-
re Jyra Jlu (Doug Lea) Concurrent Programming in Java [Addison-Wesley, 1999].

IToToxu

HauHeMm ¢ paccMoTpeHys MporpaMMEl, B KOTOPOH MHOTONIOTOUHOCTL HE MCHOIL3YETCH,
9TO HE MMO3BONAET BLIMOJHATL OMHOBPEMEHHO HECKOMLKO 3ajay, [Tocne ananusa mcxogno-
ro BAPHAHTA MPOrpamMMel GYIET NIOKABAHO, KAK MOKHO H3MEHMTE €€ KOR ANA OpraHzIalikH
OJHOBPEMEHHOTIC BLIMOIHEHHS HECKOABLKNX NoTokok. Kak mokasano Ha puc. 1.1, xannan
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NporpaMMa HMHMTHPYET JABMKEHME BHABADAHOIO Niapa, MEPEMENIAsd ero B MPAMOYTOALHOM
001acTH OKHA, CIpeJelssa HAIPaBleHIe OTPAXKEHHA OT CTEH H IIEPEPHCOBBIBAS €TO B HO-
BOH MO3UIHH.

Mocae menuka Ha kHonKe Start wap 3aycKaeTCs U3 J1eBOro BEPXHETO yId SKpaHa ¥ Ha-
YMHAET ABMXKCHHE, OTPAXKAACH OT rpaHun] okHa. na sanycka mapa o0paGoTUMK KHOIIKH
Start puiapiBaeT metop addBall (). DTOT METOJ COAEPACUT LMK, obpabaremaiomuit 1000
nepememernii wapa. Kaxpii BeI3oB MeToAa move () mepessuracT map Ha HeOOAbIIOE
PACCTOAHHE, KOPPEKTHPYET HaNpaBACHHE, €CAHM NIap OTPAXAETCH OT CTEHBI, H IEPCPHUCO-
BBIBAET COACPAKHIMOE TTaHETH,

Ball ball = new Ball();
panel.add(ball);

for (int i = 1; i <= STEPS; i++)}
ball.move (panel.getBounds () ) ;

panel .paint (panel.getGraphics () ) ;
Thread.sleep (DELAY) ;

Ilpn srom crarmyeckuii MeTox sleep (} Kiacca Thread ycrapasauBaeT naysy, AJIH-
TENBHOCTh KOTOPOH 3aaeTCA B MIJIIHCEKYHIAX.

Puc. 1.1. HenonszosaHne 0FHOTO MOTOKA IS AMATALRE IBHAESHMA Mapa

Besos metoga Thread.sleep () He CO38a€T HOBOIO NMOTOKA, TAK KaKk sleep () — aro cTa
THYECKHIT MeTon Kiacca Thread, KOTOPBIH BPEMEHHO OCTAHARTUBAET BBIIOIHEHHE TEKYIICrO
TOTOKA.

Meton sleep () MOXeT reHepUPOBaTh UCKIIOYeHNE InterruptedException. Bonee
noapobHO HTA CHTYAIUS ¥ ¢e 00paboTka paccMaTpusamTes HUKke, Ecau BH monblTaeTecn
Ipepsare ABIDKEHHE NIAPA, INeAkas MbeOIeK Ha KHonke Close ao monnoro saeepmeHms
muiora w3 1000 grepanumii, TO HHUYEro He TPOHMICHAET M IOAP NPOXCKHUT JABMAKCHHE,
“orckaxmBas” oT rpaHul okHa. Jlelo B TOM, YTO y MOJB3OBATEAN HET HHKAKHX CPEiCTR
B3AMMOAECIHCTBHSA ¢ IPOTPAMMOIL BIUIOTD AC OJAHOIO 3aBEPUICHUS KA.
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Mpr BHUMETENLHOM M3YYEHWM KOoAa (NUCTUHT 1.1} MOXHO 38METUTE BHYTPM MEeTona
move () Kiacca Ball NOKasaHHbIA HAXKE BbISOB METOga paint ().

panel .paint (panel .getGraphics{)};

Ha nepsuih BIrNRG 370 MOXKET NOKA3ATHCH BECbMa CTPAHHLIM, TaK Kax ofuH0 Ans nepe-
PUCOBKMA OKHA BbI3bIBAETCA METOA repaint {) v 3arem naket AWT aBTOMaTUHECKW Mony-
yaeT rpatryecKMil KOHTEKCT 1 NepepucoBbiBaeT 0kHO. Ho, ecnu B 3TOW nporpamMmMe Ronbl-
TaTbCH BbI3BATh METOA panel . repaint ()}, TO B PE3YALTATE OKAXETCH, YTO IKPaH He ne-
PEPUCOBLIBAETCA OO0 TexX Nop, noka Metod addBall () He 3aKOHYMT paboTy. 3HAKOMbLIA
HaM METOM repaint () BHOBL BYAET NPUMEHATLCH B CAERYOWRH NPorpaMMe, rAe AN4 Bhl-
YUCASHWUA NO3MUMK LLIAPA UCTIONE3YETCH OTAENBHENA MTOTOK.

OueBUIHO, YTO ¢ TAKOH IIPOTPaMMOI oveHs Heyao6Ho padorars. boiee Toro, ecnn s gbi-
MONHEHHS 3afa9M TPebyeTCa IOCTATOYHO SOMBIIOe BpeMs, NOA0GHOE TTORENEHHE POrPAMMET
JKG HEAOITYCTUMO. TIpH uTen JaHHPIX MO CETH YACTO NPUXOAMTCS BAIIONHATE 3a4a9H, KC-
Toprle mpelyemes pepiaTe. Hampusep, Bo ppeMst 3arPYIKH GOILIIOTO H300DAKEHHS ITOJIH308a:
TEJIb, BO3MOKHO, 3aX0MET OTKA3ATHCH OT M30ODAKEHUS, IPOCMOTPES yiKe 3arpy:KeHHbI (par-
MenT. PazymeeTos, IpOTpaMMa JOMKHA Ope0CTaBITE: €My TAKYI0 BOIMOKHOCTS, HAphvep mpw
HkaTuH KHonxH Stop wiu Back. B CIEAYIOMEM paslese IPeACTaBAeH Crocof OpraHU3aIy
YIPARIEHFs1 IIPOrPAMMOIA, TPK KOTOPOM BAKHBIE YACTH KOAA PA3MEMAIOTCH B PAsHBIX NOMOKEX.

Tlosnsbiii Kog 2TOMH NporpaMMe! IpHBeaeH B arcTaHre 1.1. :

Jucrar 1.1. Cogepixumoe paiina Bounce. java

import java.awk.*;
import java.awt.event.*;
import dava.awt.geom.*;
import java.util.¥;
import javax.swing.*;

/*-k

HMUTalLMa OBMKEHMA OMMBEAPIHOTO WAapa.
*/
public class Bounce

public static void main{Stringl] args)
{
JFrame frame = new BounceFrame () ;
frame . setDefaultCloseOperation (JFrame .EXIT ON CLOSE) ;
frame.setVisible (true) ;
} '
!

/**

llap OBMKeTCH M “"OTCKAKMBACT® OT IPalill TPSMOYTOILHOM oDNacTH.
*/ y
class Ball

/**

llepeMelleHie wapa B CJ’I@HYIOLLIVIO nosMuMe . Hpr BoCTrmKe Hrdd
TPaHMUE OOJIACTHM HANpaBJIeHMe IBMKSHUA M3MeHASTCHd.

*/
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public veild move (Rectangle2D bounds)

{

)

/-A-*
*/

x += dx;
y += dy;
if (x < bounds.getMinX(})
{
*® = bounds.getMinX() ;
dx = -dx;
if (x + XSIZE »= bounds.getMaxX{))
{
X = bounds.getMaxX () - XSIZE;
dx = -dx;

if (y < bounds.getMin¥())

y = bounds.getMin¥(};
dy = -dy;

if (y + ¥SIZE »-= bounds.getMax¥ ()}
¥ = bounds.getMaxY() - YSIZE;
dY = -in »

}

Nonydyenue GOPMEI Iapa B TEeXYWEW MOIMLMM,

public EllipseZD getShape (}

}

return new Ellipse2D.Double{x, y, XSIZE, YSIZE);

private static final int XSIZE = 15;
.private static final int YSIZE = 15;
private double x = Q;

private double y = 0;

private double dx = 1;

private double dy = 1;

}
Jax
*/
{

*/

Mavent, HA KOTOPON oToDpaxaeTcs wap.
class BallPanel extends JPanel

/**

HobaBrnenre mapa K NaHenM.
@param b HobapmnsemMeni wap

public void add(Ball b)

{
}

balls.add (b} ;

27
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public void paintComponent (Graphics g}

super.paintComponent (g) ;
Graphics2D g2 = {GraphleszD) g;
for (Ball b : balls)

g2.fill (b.getShape());
}

private ArraylList<Balls balls = new ArrayList<Balls();:

/**
dperiM ¢ NAHEJBI M KHOMNKAMH.
*/

class BounceFrame extends JFrame
J** .
KoHCTDYKTOP (pelMa ¢ naHenen I8 oToOpaxeHMA Wapa
M KHonkam Start m Close.
*/

public BounceFrame ()

setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);
gsetTitle ("Bounce") ;

panel = new BallPanel ();

add (panel, BorderLayout.CENTER) ;

JPanel buttonPanel = new JPanel () ;

addButton (buttonPanel, "Start",
new ActionListener (}

public void acticnPerformed{ActionEvent svent)

addBalli () ;

}
b

addButton (buttonPanel, "Close",
new ActionListener(}
{

public void actionPerformed (ActionEvent event)

{

}
|3
add (butteonPanel, BorderlLayout.SOUTH} ;

System.exit {Q) ;

1
/**

HoBaeeHre KHOIKM K KOHTEHHERY
@param c KoHTeMHep

@param title Hagonuces Ha KEOIOKE
@param listener OCpaGorTyMK COGLITMI OIA KHOMIKM

*/
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N

public void addButton{Container ¢, String title,
ActionListener listener)
{

JButton button = new JButton(title);
c.add (button) ;
button.addActionListener (listener) ;

}
[x*

BrIToOUgHME napa B COCTaB IMaHeNM M OPpTaHM3alvd
1000 ero nepeMemeH .

x/

public void addBall({)

try

Ball ball = new Ball();
panel.add(ball) ;

for (int 1 = 1; i <= STEPS; i++)
{
pall .move (panel .getBounds ()) ;
panel .paint (panel.getGraphics());
Thread.sleep (DELAY} ;
}
}
catch {(InterruptedException e}
{
} |
}

private BallPanel panel;

public static final int DEFAULT WIDTH = 450;
public static final int DEFAULT HEIGHT = 350;
public static final int STEPS = 1000;

3;

public static final int DELAY

‘ java.lang.Thread1.0
* static void sleep{long millis)
Tlpuoctanasaupaer paboTy NOTOKA Ha 3aJaHHOE YHCIO MHJUTHCEKYH/.

Hapamemp: millis KonrgecTBo MAUTHCEKYHA

Cosdanue ycaosuil dian evinoanenus dpyeux sadaw

OpraHu3oBaB KoJi, YNPABIAIOILMA IepeMeIleHHeM HIapa, B BUAE OTICHLHOTO IIOTOKA,
MOXHO YIy4lIIUTh PEaKIHIO MPOTPaMMbl Ha JeficTBHA MoJb3oBaTend. bosee Toro, npu He-
00XOAHMOCTH MOXKHO YIPABAATh ABHAKECHHEM HECKOJIbKHMX MApoB. IlepeMellieHueM Kaxno-
ro U3 Hux GyAeT YIpapaaTh oTAeapHbIN moToK. [ToTok gocTarkn cobbrtiil AWT Taxke Bbl-
HOAHAETCA NAPAUIETBHO ¢ OCTAIBHBIMK M 06pabaTsIBacT COGLITHA, CBA3AHHDIE € [I0IB30BA-
TeAbCKUM MHTEepdeiicoM. [TOCKOIbKY Kaskpiid 13 MOTOKOB MIOJYYAET YIPABACHHE, TIABHBIH
NOTOK HMEET BOAMOKHOCTh BBIACHUTD, ST IM BO BPEMS ABIDKEHHUS IIAPA HIETI0K HA KHOM-
ke Close; mpu srom o6pabaTeiBacTcd COOTRETCTBYIONEE COBBITHE,
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Hinxe omucana npocrad Hponeiypa 3allyCka 3aJd4Yy B OTHeAbHOM NIOTOKE,

1. PaamecTire KO, NpeAHA3HAUCHHBIN LUig PEWEHHA 3a/auy, B METOAE rUN KIACca,

peaimsyromero unrepdeiic Runnable. IJtor MHTepdelic dpesBRvaliHO IpPOCT;
B HeM OO'bIBIEH eAHHCTRECHARI METONL,

public interface Runnable

void run();

Knace, peannsyiomuit 3roT uaTepdeiic, Boirnaaut npudinanTeARHe TAK, KaK NOKa-
3AHO HIDKE.

¢lass MyRunnable implements Runnable

{

public wveid run()

{

Koo

}

2. CoapaiiTe 9K3eMIIISP ONHCAHAOrO BRIUIE KAACCA.
Runnable r = new MyRunnable();

3. Ha ocnore o6mekTa Runnable cozgaiite o6pexT Thread.
Thread t = new Thread(r);

4, 3amycTuTe IOTOK Ha BHIIOTHEHIE.
t.start();
Yro6nl KO, YHPaRISIOMWME JRMKEHHEM MApa, BuITOTHANCA B OTACABHOM IIOTOKE, He-
OBXONHMMO MMk pPeann3oBaTh kKracc BallRunnable u MOMeCTHTE KOJ, ObecrnednBaioumii
AHHUMALWIO, B TEJI0 MeTOZa run { ) , Kak MOKA3aHO HIXE.

class BallRunnable implewments Runnable

L;ul;l:'.Lc void runt()

{

try

{

for (int i = 1; 1 <= STEPS; i++)

ball .move (compcnent .getBounds (} ) ;
component . repaint () ;
Thread.sleep (DELAY) ;

}

catch (InterruptedException exception)

{
}
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Cnei[yeT TaxKe IEPEXBATHTh MCKIKOUEHHEe InterruptedException, KOTOPOE MOXKET
creepHpoBaTk MeToa Sleep (). JNanHoe HcKTiOueHHEe OyaeT OOCYRAATLCA B CACAYIOIIEM
pasuene. OGpIvHO MPEPBAHHEIN IOTOK 3aBepmaeTca, B mamem cayuae merog run () npe-
KpaIgaeT paboTy NPH BO3HHKHOBEHHH HCKIIOYeHHA InterruptedException.

Koraga nonsaoeaTens akTuBmaupyeT kHomky Start, meroa addBall () cosgaer HOBBIH
norox (puc. 1.2).

Ball b = new Ball(};

panel .add{b};

Runnable r = new BallRunnable(b, panel);
Thread t = new Thread(r);

t.start();

™ ' BounceThread ®

Py L

Puc. 1.2. BeinonneAHe HECKOABKUX NOTOKOB

Teneps BpI 3HAETE, KAK MAPA/VIEIPHO BLHIIOTHATE HECKOALKO 3aa4. Jaree B rmase peun
IOYAET O TOM, KAK YTIPABIATE B3AHMOAEHCTBHEM MENLY (IOTOKAMH.
Tloxaplil KOL IPOTPAMMBI IIPUBELEH B AMCTHHTE 1.2,

. Mpu kenaHu MOXHO ONpefennTe NOTOK, CO34aB Nogxknace knacca Thread. MNMpumep Ta-
KOro Nogknacca NPUBEOEH HXE.,

class MyThread extends Thread
public void run()

KO-

}

3arem GopMUPYETCA 3K3EMNAgp NOAKNACCa W BHISLIBAETCH MeTon, start {). 3ameTsTe,
YTO JaHHbIM NOAX0M HE PEeKOMEHA0BaH K UCNOMNb30BaHWID. BaM HeoBxoanMe OTAeNTL 3a8-
Aaui, 3anyckaemble NapannensHo, 0T MexaHu3ma vx 3anycka. MNpu BoNbLICM KoNUYecTBe
3alla4 CRMWKOM CROXHO C0O3aaBaTh OTAGNbHLIN NOTOK 15 KeKOOA 13 HKWX. BmecTto atoro
CREAYET NPYIMENHTE NYH NOTOKDE, XKOTORLIA ONWCaH AANee & THaBe.




2 nasa 1. MHOronoTo4HOCTL

@ He BuizbiBaliTe METOA, run ()} knacca Thread wWnW ofbekra Runnable. HenocpencTseH-

Hoe obpauieHne K MeToly run{) NPUBEAET K BHIMNOAHEHWIO 3a4aqyd B TOM Xe NOToKe
Hoewli noTok He OyaeT chopmvpoBaH. [ns 3anycka noToka nNpeaHasHadeH Metoa
Thread.start (). B pesyncraTte ero sanycka cO3A3eTCA HOBBIA NOTOK, B KOTOPOM Bhi-
NONHASTCA MeTog run ().

Juctunr 1.2. Copepxumoe ¢atina BounceThread. java

import java.awt.*;
import java.awt.event.+*;
import java.awt.geom.*;
import java.util.*;
import javax.swing.*;

/**

OrofpaxaeT OBMKYHMHACH HAD, OTPAXAWMACA OT TRAHML.
*/
public class BounceThread

public static void main(String[] args)

{

JFrame frame = new BounceFrame () ;
frame.setDefaultCloseCperation {JFrame.EXIT ON_CLOSE) ;
frame.setVisible (true) ;

}

/-k* !
Knacc Runnable, nonaepsMBamupo! OBMKYLESCA M30CPAXEHME wWApA.
*/
class BallRunnable implements Runnable
/**
KorCTpyKTOD KJIACCa.
@aBall Dap

@aPanel KOMNOHEHT, B KOTOPOM HAaXOOMTCH WLAP
* / .
public BallRunnable{Ball aBall, Component aComponent)

ball = aBRall;
compenent = aComponent ;

public void run()

try
{ —_
for (int 1 = 1; 1 <= STEPS; i++)
{ :
ball.move (component .getBounds () ) ;
component .repaint () ;
Thread. sleep (DELAY) ;

}

catch ({InterruptedException e)
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{
}
}

private Ball ball;

private Component component;

public static final int STEPS = 100Q0;
public static final int DELAY = 5;

/**

¥/

llap, KOTOPHM OBMKSTCA M OTPAXAETCH OT TPaHML
NpAMOYTOABHOH oOONacTH.

clagss Ball

/**
Nepemenenre Wapa B CASOYINYKX NOSMUMI. [lo IOCTIMXKEHMM
TPAHWIE PAMOYTOABHOM OGNACTHM HANpPaBleHMe IBUXSHMA
M3MeHASTCA .

x/

public void move (Rectangle2D bcunds)

{
X += dx;

¥ += dy: . :
if (x < bounds.getMinX{))

x = bounds.getMinX(};
dx = -dx;

}

if (x + XSIZE »= bounds.getMaxX())

{

x = bounds.getMaxX () - XSIZE;
dx = -dx;

if (y < bounds.getMiny(})

v = bounds.getMiny () ;

dy = -dy;
if {y + ¥YSIZE »= bounds.getMax¥{))
{
y = bounds.getMax¥{) - YSIZE;
dy = -dy;
}
}
/**
llonyueHre QCPMH Wapa M TeKyIeNn NO3MUNMM.
*/
public Ellipse2D getShape()
{

return new Ellipse2D.Double{x, y, XSIZE, YSIZE};

private static final int XSIZE = 15;

33
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private static final int YSIZE = 15;
private deuble x = 0;

private double y = G
private double dx =
private double dy =

B b e

}
/**
*/

class BallbPanel extends JPanel

NaHens, H3 KOTOPOH OTOCPAXAKNTCH WADH .

/E*

IobasnegHMe mapa K IaHeJu.

@param b llap, KOTOPLIT OODKCH ChLTE HOBABJISH K MaHENHM
*/
public void add(Ball b}

balls.add(b);

}

public void paintComponent (Graphics q)
{
super .paintComponent {g) ;
Graphies2D g2 = (Graphics2D) g;
for (Rall b : balls}

g2.fill{b.getShape{)};
!
} S
private ArrayList<Ball> balls = new ArrayList<Balls(};

}
/**

dpelM ¢ naHesNBD M KHOMNKAaMM.
*/
class BounceFrame extends JFrame
/**
KoHcTpyKTOp dpelMa, colepxalleTo [aHeNE IS OTOBpaxcHMA
mapa, ¥ KHOnKM Start u Close.
*/
public BounceFrame ()

{

setSize (DEFAULT WIDTH, DEFAULT HEIGHT) ;
setTitle ("BounceThread") ;

panel = new BallPanel ()} ;

add (panel, BorderLayout.CENTER} ;

JPanel buttonPanel = new JPanel(};:

addButton (buttenPanel, "Start",
new ActionListener ()

{

public void actionPerformed{ActionEvent event)

{
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addBall {} ;

}
s

addButton (buttonPanel, "Close",
new ActionListener (}

{

public void actionPerformed{ActionEvent event)
System.exit (0);

1
add (buttonPanel, BorderLaycut.SOUTH) ;

}
/**

JoBaBiieHMe KHONKM K KOHTEWHEPY .

@param ¢ KoHTelHep

@param title HagmvMck Ha KHOMKE

@param listener OCpaboTurk CODHTMI OHA KHOMKM
*/
public void addButton (Container ¢, String title,
{ ActionListener listener)

JButton button = new JButton(title);
c.add (button) ; _
button, addActionlistener (listener) ;

/** !

MoMemaeT map Ha XOACT M 23anyCKaseT OOTOK, IONNSPXMBAKNIEL
ero IOBMXEHME M OTRpaKeHME OT TPAaHMI.

*/

public void addBall({)

Ball b = new Ball(};

panel.add(b) ;

Runnable r = new BallRunnable (b, panel);
Thread t = new Thread(r);

t.start () ;

private BallPanel panel;

public static final int DEFAULT WIDTH = 450;
public static final int DEFAULT HEIGHT = 350;
public static final int STEPS = 1000;

public static final int DELAY = 3;

}
IA'FI!' ‘java.lang.Thread 1.0

¢ Thread (Runnable target)

Cosaaer HoBrrl noToxk. Ko, oTseTcTBeHHbIH 3a pelleHne KOHKPETHON 3axaqu, pas-
MEEAETCH B MeTOAe run (),



36 nasa 1. MHOrONOTO4YHOCTL

* void start ()

3amyckaeT HOTOK M IepefacT ynpaeaeHue Metogy run (). Meroa start ()} zaeep-
maeT paGoTy noyTH MrHOBeHHO. HoBbIE HOTOK BLINONHAETCA [APANAEIBHO C YHKE
CYINECTRYIOLIMMIL

¢ void run(}

BerseiBaeT MeTof run () coorsercThyomero ofbexta Runnable.

java.lang.Runnable

o void runi}

JaHubi METOM REOBXOAMMO TEPECNPEAETHT, U PAIMECTHTL B HEM KOA, KOTOPBIA
AOMKEH BRITIOTHATHCA B IIOTOKE.

IIpepbiBanue NOTOKOB

Iorox npexpamaer paGoTy, KOFA2 €T0 METOH run Bo3spatacT yupaenenue. b JDK 1.0
HCOOAB30BATCA METO Stop (), KOTOPLIH BBI3BIBAICA U3 OJHOIO MOTOKR AJMS 3aBEPIICHHUSA
paboTer Apyroro. B HacTosnee BpeMs OH HE PEKOMEHIOBAH K IPUMEHEHMIO 10 IPHYMHAM,
KOTOPbIE PACCMATPHBAIOTCH JATEE B TIABE.

B Texyme#t Bepcuu Java He IPEAYCMOTPEHEO HMKAKOTO CII0CO0A MPRHAYAUTEIBHOrO Ipe-
Kpaienua paborei MOTOKA. BMecTo sTOro mpuMeHaeTca MeToX interrupt (), KoTopbIi
OCYIIECTBASET 3anPoc HA TPEKPAIeHHC PabOThI OTOKA.

Korga sbiseiBaeTca METOA interrupt (), YCTAHABAUBAETCA CMAMYC NPePoBanus
(interrupted status) A noroka. 3to duiar Tuma Boolean, KOTOPBIH OBA3ATENBHO IPHCYT-
cTByeT B M060M moToke. B niponecce paBoTel NOTOK AODKEH MEPHOAMYECKH HPOREPATS,
CHEAYET U €MY HIPEKPATHTE BhIMOAHEHHUE,

Jng TOoro ¥ro6el BELACHHTD, YCTAHORIEH 111 CTATYC IIPEPBIBAHMSA, HEOOXOIHMC ITOIYIUTh
o0BEKT ITOTOKA, BhI3bIBAB MeTOH Thread.currentThread (), a zarem o6paTUTbCH K Me-
ToAy isInterrupted().

while (!Thread.currentThread().isInterrupted()
&& JONCHMTONBHES MDOESDKH)
{

TpefyeMEe OeHACTBHI

OpHako, eCIH BLIIOJHEHHE MOTOKA 3a6I0KUPOBAHO, OH HE MOMKET NMPOBEPHUTE, CACAYCT
JIH1 3ABEPIMTL paboTy. B aToM caydae Ha NOMOML IPUXOAKNT UCKOUYCHEe Interrupted-
Exception. Korga misi- 610KHpOBAHHOrO OOBEKTA BLI3LIBAETCH MeToA interrupt!),
paboTra GACKHPYIOUETO BbI30Ba (MeToqa sleep () mau walt () ) 3aBepuiaerca W ynpasae-
HHe nepegaeTcs 06paboTunky uckIodeHus InterruptedException.

B aanike Java nmer oﬁﬂaa'renbﬂoro TpeGoBAHUA O BEl_BepL[IeHl/II/I pPatoTHI npephmaemoro
noroka, [IpepbIBanue NpocTo “NpUBIEKACT BHUMAHMe  TIOTOKA, a HOCIEAHNI pellaeT, KaK
orpearypoaTh. i aToro B Tene Gioka catch onpefensioTca AeHCTRUA, NpesnpUHIMae:-
MBIC [IPH BOZHUKHOBEHHH HCKIOUYCHHMSA InterruptedException. dia HEKOTOPBIX HaH-
60./16¢ BaXKHDbIX IIOTOKOB HCKTIGUEHHE MOMKHO HTHOPUPOBATh U IPOAOKaTh pabory. Ho B
GOMBLITNHCTBE CAYYACE HOTOK MHTEPMNPETUPYET UCKIIOUEHHE KaK 3APOC HA IPEKPALICHHE
BBIOOAHenud. B TakoM NoToKe MeToa run () seiCIAAUT TaK, KAK MOKA3AHO HEKE. T
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public void run()

{
try
{
while (!Thread.currentThread() .isInterrupted()
&& HODOHNTONLHEIS IPOBEPKH)
{

BERIIOTHOHME HEOBXONMMEIX OEHCTBHME

catch{InterruptedException e)

{

// NoTok npepBaHd B NPOLUSCCE BHIIOIHEHMS
/{ weropa sleep() wm wait ()

finally

{

nopK HEOBXOOMMOCTH CCBOBOXOSHHME PECYPCOB

// Bamepllenmre MeTona run(); SaBepIEHME MOTOKA.

Ecm BBl B KaXKAOM MTEpPAllMH BHIBMBACTE MeTOA Sleep (), BHUIOAHATH IPOBEDPKY MO-
CPeACTBOM BRI3GBa MeTOAA isInterrupted () He obGa3aTeAbHO. IIpK yCTAaHOBIEHHOM CTd-
Tyce NpepblBaHusa MeToA sleep () creHepupyer uckmodenue InterruptedException.
Hike nokasago, xak GyAeT BRIDISACTE KOJA METoAa run() IpPH OTCYTCTBHH IIPOBCPKH

isInterrupted().
|

public wvoid run() !

try

{

while (Hape nM IPOOOXATL PAGOTY)

{

BEIIORHEHME HeoOXOOpMEIX NeHCTBMIT
Thread.sleep(delay) ;

}

catch{InterruptedException e)

// noTox npepBaH B IPOUECCE BHIIOJIHEHMA
// merome sleep() mm wait ()

finally
{

[IPM HeOSXOMMMOCTH OCBOOOXKISHNE PEeCYpCOoB

// Bameplenue MeToma run{); 3aBeplieHME [IOTOKA.

Vi Mpu reHepauum UckioHenns TnterruptedException MeTog sleep (} Takke cOpacsi-
M4 Bae7 cTatyc npepeiaaHus.
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Crnenyer OTMETWTB, HTO CYLIECTBYEeT ABa 04eHb NOXMKMX MEeTofa: interrupted() WM

. isInterrupted{}. MepeLii ABNRETCH CTATUMECKUM W NPOBEPART, NPEPBaH TeKYLLYMI NOTOK
unu HeT. bonee Toro, Bbi30B MeToda interrupted () cOpaceiBAaeT CTATYC NPEPLIBAHMA No-
Toka. BTOpOi ABNAETCA METOAOM 3K3eMIUTAPa 1 NO3BOJIRET NPCOBEPUTL, NPERBaH NN 1000
noTok. Metfon isInterrupted () HE WAMEHAET CTATYC NPEDLIBANWA.

Hepeako MOKHO BCTPETHTR HPHMEDBI KO, B KOTOPBIX HCKMOUCHHE Interrupted-
Exception nepexsaTeiBaeTcs, HO He obpadaTeiBaeTcs, T.¢., 110 CYTH, IOA2BIACTCA,

void mySubTask ()

{

try { sleep(delay); }
catch (InterruptedBxception €) {} // He nenaitre rTax!

Hu B koem cayyae He nesadire tax! Ecan BbI He npescTaBisere, YTO MOXHO CXCIATD B
Baoke catch, MOCTYIHUTE OJHUM M3 OIIMCAHHBIX HIDKE CHOCOGOB.

s B Gioke catch seimoBure MeTO) Thread.currentThread () .interrupt (),
YCTAHOBMB TEM CAMBIM CTAaTyc ppephipanud. [Tocie aToro BRIIBIBAICIUHE METOX MO-
JKET [IPOREPHTE CTATYC. .

void mySubTask ()

{

try { sleep(delay); } _
catch (InterruptedException &)
{ Thread().currentThread{}.interrupt(}; }

}

*  VYEaHTe B 3arofoBKe MeToa throws InterruptedException # BoBCe HE UCIIONE
ayiire Gnoka try. Takof Crrocod aaxe YpeAIOYTHTENLHEE TIPEALITYICro. Boispmaio-
IHiL METOX — IUTH B KpaHHEM Cyyae METOZ run () — o6paGoTaeT HCKAIOUEHHE.

void mySubTask () throws InterruptedException

{

sleep(delay) ;

IAPL!& java.lang.Thread 1.0

s void interrupt (}

ToceutaeT 3anpoc Ha NpepsiBaHHe NoToKA. CTaTyc npephiBaHUs JI8 OOTOKA ITOMY-
gaeT 3HaueHMe true. Ecaum morox O/I0KMpOBAaH BBI3OBOM MeToAa wait () winm
sleep (), TO reHepUpyeTCA NCKAOYeHKe InterruptedException.
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» static boolean interrupted{)
ITposepsaer, npepsan M mekyut TOTOK (T.€. JAHHBII BEI30B JOJEH BBIIONHATECA B [I0-
Toxe). OfpariTe BHUMAHHE, YTO 9TO CTATHYECKHI METOH, BRISOB KOTOPOTG UMeeT 1060y

He1 athpext: on sagaer snadenne Lalse L8 CraTyca IPePEIBAHMSA TEKYIIETO HOTOKA. |
! 1
¢ boolean isInterrupted() {

[Iposepser, npepBad MM IOTOK, HO B OTJAMYHE OT MeToAa interrupted () 3TOT BRI-

30B HE M3MCHSCT CTATYC NPCPhiBAHNSA IIOTOKA.
¢ static Thread currentThread ()

Bosspamaer o6bext Thread, npeAcTaRIgionyi TeKyIuil BLIIOTHASMEIH DOTOK.

CoOCTOAHHA NOTOKOB

HoTok Moxer HaXOJIUTbCA B OAHOM M3 Y€ThIPEX COCTOAHHUI:

&  COBJIAHHLIH (new);

e 3anymeHHBNT {runnable);

¢ Gaokuporsanusiii (blocked);
* ocTaHOBJenunli (dead).

Kaxnoe 13 5Tux COCTOAHUI MOApOGHO PACCMATPHBACTCA HIKE.

Coadanivie nomowu

Tlocne CO3AaHNUA € [IOMOINBH) QIEPATOPA TEW HOTOK HE 3AIVCKACTCs, 4 CTAHOBHUTCSH
coadanmnim {new). B aToM COCTOAHUM HPOrpaMMa ellje He BHIIOTHAET KOX JAHHOrO HMOTOKE.
Jlo 3anycka IOTOKA HY:KHO BBIIOIHHTE HECKOMBKO BAKHBIX OTIEPAITHIL

Janywennsie nomoxu

ITocae BoIzOBa MeTORa start {) MOTOK CTAHOBUTCA danyuernuim (runnable). Ha ca-
MOM Jel€ KOJ 3anyll[@HHOTO MOTOKA HAYHET BHINOJAHATLCH, TOMBKO €CJAU OIlePaIlHoH-
Hafg CUCTEMA [IPCAOCTABUT EMY BEIMHMCIHTEILHLIE pecypehl (B cnennduxannu Java mer
PasIuYHA MEKAY COCTOSHHUEM, IIPH KOTOPOM IIOTOK MOMcem BBITIOIHATBECH, M COCTOSHH-
€M, IIpM KOTOPOM OH Ha camom deie BHIMOAHACTCS. CHUTAETCH, YTO BHIMOIHAEMbIH HOTOK
HAXOJUTCH B 3aNYIICHHOM COCTOSHNIT. )

D Ha3zsaHWe 3anyleHHOro NoToka runnable HUKAK He CBA3AHO C MHTepdelicoM Runnable.

Boece ne obssarensno, $robbl KOZ BBIHOJIHSEMOTO HOTOKA ITOCTOSSHHO BBINOJHSICH.
Bonee Toro, unorga sxesaTeabHO NPHOCTAHABINBATE ero PaboTy, YTOBEI MPEAOCTABHTE BOG-
MOXCHOCTE BBIIIONHEHHST NAPALUIENLHBIX TOTOKOB. ILTaHHPOBAHNE BLIMONHEHUS NOTOKOR
¥ PACTIPEACICHHE IPOLECCOPHOTO BPEMeHH MEXTY HMMU — 33)a4Ya ONEPALIMOHHON CHCTEME,
Ipu BEITECHAKIEHR METOrONOTOYHOCTH KKIbIH HOTOK MOMYIaeT KBauT BpeMenn. ITo ucre-
9E€HUH BBIIETCHHOrO BPEMEHN ONEPANIOHHAN CHCTEMA §5UmMeciacn TEKYIMH NOTOK U Iepend-
€T yIpaBAeHuE ApyroMy notoky {puc. 1.4). Ilpu mepegaue yrpanreHus oT OHOrO MOTOKA
APyroMy HPWHUMAIOTCE BO BHUMANHC MPHOPHTETH HOTOROS (rfoApOGHee MAHHBIN BONPOC
PACCMATPHBAETCH fANEE B [VIABE),

B cOBpEMEHHRIX OIEPAIMOHHBX CHCTEMAX, ITOA YIPARIEHHEeM KOTOPBIX paboTaloT Hepco-
HATbHLIE KOMITBIOTEPEE M CEPBEPDI, MCIIOB3YETCA BLHITCCHAOMAA MEOTOIOTOUHOCTE, ONHAKO
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B DOPTATUBHEIX YCTPOMCTBAX, HanpuMep MOOIUIBHE TeRe(pOHAX, MOMET NOSACPKMBATLLS
JMLIb KOONEPATHBHAS MHOTOIIOTOUHOCTE. B 3TOM Ciiyyae NOTOK TEPSCT YIPABACHHE TOJIBKO TO-
T3, KOT/A B HEM BBI3bIBACTCH MeTO, Noxobubli sleep () mmuwyield ().

B MampHax ¢ HECKOJBKUMH MPOUECCOPAMM NOABIACTCH BO3SMOMKHOCTb BbINOIHEHMS
PA3HBIX THOTOKOB HA PA3IMYHBIX Npoueccopax. B sTom cnydae HOTOKM JeHCTBUTEIBHO BbI-
NONHAIOTCS MAPANNeIslo. CQUeBHMAHO, YTO, KOTAA YUCAO TOTOKGB MPEBBULACT UUCAO Npo-
LECCOPOR, CHOBA BOTYIIACT B ACHCTBHE BLITECHAIAL MHOTONOTOTHOCTE,

IToMHUTE O TOM, YTO 3ATYIIEHHDIA IOTOK B JAHHBIH MOMEHT BDCMEHH MOIKET BLIIOIHATE
¢, & MOXKET W He BbIIOJHATBCA. VIMEHHO IIOTOMY COCTOSHME HA3bIBAETCS “3aMylIeHHBIM
{runnable), a ye “srmonugempiv” (running).

Daoruposanrvie nomoxi
TloTok cranoBurcs Baokuposarinvim (blocked) Mocne BLINOJHEHMS OJHOrO U3 IEPEUNC
JICHHBIX HMDKE JeHOTBUN.
1. Jlas 2ann0ro HOTOKA BEI3BaY Metop sleep ().
2. MoTtok ocymecTsaaeT fioxuposanie Ha epems ssoda-emsoda {blocking on input/output),
T.¢. yHPABIEHHE He BO3BPAIACTCA A0 TEX NOP, MOKa He OY/IYT 3aBepIICHbI ONEpPaIim
BBOJA-BBIBOJA.

3. Hotox nelTacTca 3a0JIOKHPOBATE OGBEKT, KOTOPBLH yie OJA0KHPOBAH APYIHM IOTO-
koM. Broknponka odbeKTOB mOApobHO paccMaTpHBaET A Aalee B IIaBke.

4. TloTOK 03XMEACT BLINONHEHUA HEKOTOPDIX YCAOBHH. 3Ta CUTYaIia TAKKe DYAET OmH-
caua Janee.

5. Jina paunoro noToxa meispad mMeTof suspend (). OaHaxko b HACTOAMEE BPEMA DTOT
METOJ HE PEKOMEHAOBAH K HCITOIH3ORAHMIO,

CoCTofiHuA HOTOKA, a TAKKE NEPEXOILl B3 OFHOrO COCTOAHMA B APYroe YCIOBHO IOKa-
3anpl Ha puc. 1.3, Ectu norox 6roxuposad (s ero paboTa ITPEKpanieHa), To B COOTBETCT-
BHUU C ILIAHOM BRMITOTHEHHA [MOTOKOB 3allyCKaeTcA JApyroi morox. Ecam G6roKmposaHHBIH
MMOTOK BHOBL AKTHRU3MPYETCH (HATIpHMMED, 110 MPOIMECTBUH 33JaHHON HAY3bl HIH 3aBeplie-
HHM OI€pPANHH BBOJA-BBEIBOJA), INTAHMPOBIMK BLIIOIHEHHA TOTOKOB [IPOBEPHET TPHOPH-
TeT gaHHoro noroxa. Ecam on umeer Goxee BBICOKHMNH NPHOPUTET, YEM BHITOIHACMBIE
B AHHBIH MOMEHT IOTOKH, TO IPOUCKXCOAAT BRHITECHEHHE TEKYIIETO ITOTOKA,

Brixox 13 6I0KHPOBAHHOTO COCTOAHHS MPOHCXOANT OAHUM 13 NEPEUHCIEHHDIX HIDKE
CIIocoGOoB.

1. Fcam 3amyinied Metog sleep (), TO HOTOK NPOAOKHT BEIIONHEHME IO UCTEYEHUN
33 JaHHOM TIay3bL

2. Ecay nOTOK OKKAACT 32BEpPHISHHAs ONepanuii BROAA-BHBOAA, TO OH NPOZC/HEUT BLI-
IOJHEHUE 10 OKOHIaHHH BEOAA-BBIBOAA, _

3. Ecmu noTox oxpgaeT pasGroKHMpOBKH 00BeKTa, 3a0JI0KUPOBAHHOrO APYTHUM HOTO-

'KOM, TO IIOCAeJHHIT AO/KEH IEPEJaTh Npaga Brajchud SI0KAPOBKONH 3TOro o6nek:
Ta. (boxee noapodro nepesaya GIOKHPOBKH PaCCMATPHBAETCA JAJICE B ITIABE. )

4. Ecad OTOR OXUAAeT BLINOJHEHNS YCA0BIA, APYTOH NOTOK AODKER 0DecneduTs ero.
(B cayuae ecnu IpU OEUAAHUN HPEAYCMOTPEH TARM-ayT, OTOK MOKET HPOIOLKUTE
BBITIOIHEHHE IO HCTeYEHHH 3aJaHHOTO BPEMEHH. )

5. Ecau norok 6pui NPHOCTAHOBIEH METOA0M sugpend (), To AO/OKEH GbITh BLIBAH
Mmeron resume (). Ho, ﬁOClcOJIbe MmeTon suspend () HE PEKOMEHAYCTCA MCOQIB30-
BATh, TOYHO TAK ¥KE HE PEKOMEHAYETCS UCIONb30BATh 1 METO], resume {) .




COoCTOAHWA NOTOKOR 41

Co3fiaHHbIA

MeTon start()

MeTon sleep()

OkoHuaHwe naysol

BrokuporaHune Ha
BPEMA BBOOA-BLIBOAG

3aseplucHme
BBOJA-8LIBOAA

Oxupanne pasbroxuposaiva

3anylweHHbiA

-y hast BRokuposaHHbIA
ObnbekT pazbroknposaH

OXnOaHne BINOAHEHKS
YCAQBKIA

OnogeileHWe

MeTtog
suspend()

3aBepuieHue

MeToga stop() meToga run{}

MeTtoa resume()

Yy

QcTaHoBREHHBIA

Puc. 1.3. Cocrosuna noToka

BAOKMPOBAHHEIH TOTOK MOKHO BEPHYTE B BRIIOJHAEMOC COCTOAHHE TONBKO [10 TOMY Ke
ITYTH, 110 KOTOPOMY OH GruI Giokuposad. Hanpumep, ecni noTok 6bL1 G10KMpPOBaH Ha Bpe-

M BLINOJHEHUWA ONEPAIHH BBOAA, TO BRISOB METOAA resume () He MO3BOAWT pa36n01cnp0—
BaTh €I'0.

Ecnv Bam TpebyeTcs pa3bnokmposaTh onepaumo obmeHa AaHHbIMK, ANA 3Toro HeoOxoamMmo
VCTNIONL30BATL MEXAHW3M KaHaNoB 13 HOBOW BUBAMOTEKW BBOOA-BbIBOOA. Eciv Kakoi-nvubo
NOTOK 3aKpOET Kana, GROKMPOBAHHLIA NOTOK NPOACIKAT CBOE BhiNonHenue. Kpome Toro,
B 3TOM cnyvae Oy4eT CreHeprposaHe MekmYeHe ClosedChannelExcept ion.

OcmanosaeHisie HOMOKU

TIOTOK MOMKET HAXOAUTBCA B ocmarosienom (dead) COCTOSHUM HO ABYM NPMYHHAM.
e MeTos run{} HOpPMANBHO 3aBepmuI paboTy.
¢ Brpinmoguenne Metoga run ()

HCOXKHUIAHHO BaBepI.LIPIJIOCb BCACACTBME HENEpeXBa-
HCHHOTO HCKAKYCHM.
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TToTOK MOMHO OCTAHOBHTE, ABHO BBI3bIBAA METOX StOp ()}, KOTOPLIH reHepUpyeT HCKIK-
yenue ThreadDeath ¥ OCTAHABAMBAST BBIMGIHEHIIE NOTOK2. (OJHaKO B HACTOALCe Bpemd
MeTof ¢top () He pexoMeHAOBaH K IPHMEHEHHIO.

Yrobbl OIpPEeReanTs COCTONHNE MOTOKA, npuMeHAeTca MeTon isAlive (). Ecrn norox
3aMyweH wiy 3a6I0KMPORAH, STOT METO BOIBPAIACT 3HAYEHAE CTUe, 3 eCIy [I0TOK ABAdeT
CA CO3NAHHEBIM, HO €II¢ HE 3AIYHICHHDBIM WM OCTAHOBICHHBIM, METOM BO3BPAIHACT 3HAUCHUE
false.

K coxaneHuio, onpeldennTh, 3anyweH wny 6roKMpoBaH NOToK, HeBO3MOXHD. Takke
HENBL3AN PASNNHNTE SWIE HE 3ANYLWEHHbIA 1 OCTAHOBNEHHBIA NOTOK.

1 Jjava.lang.Thread 1.0

® boolean isAlive{)
BoappaimmaeT spadenue true, ¢y NOTOK 3aUYINEH H €IIC HE 34BCPLICH.

s void stop()
ITpexpamaer paGoTy moToka. B wacTosmiee BpeMsa 3TOT METOJ He PEKOMEHAGRAH
K IPpHMEHEHHIO.

& void suspend()
IipuocranasanaaeT NOTOK. B HACTOMMEE BPEMA 3TOT METOR HE PEKOMEHAOBAH
K IPUMEHEHHUIO. :

¢ void resume ()
B0300HOBNAET BHIIOMHCHUE MOTOKA. JTOT METOM NPUMEHACTCH [IOUIE BHIR0EA METOAA
suapend () . Kax 1 suspend () , JauHbIii METOJ HE PEKOMERIOBAH K [IPHMEHCHUIO.

¢ void join()
OQXuaaeT 3agepueRua PadoThl COOTBETCTBYIOULErO HOTOKA.

¢ void join(long millis)

Oxujaer 3apepienns paboTh! COOTBETCTBYIONIETO IOTOKA TG0 UCTEeYCHUSA YKA3AH-
HOTO BPEMEHU (BDEMS 3aMACTCH B MUWLINCEKYHAAX),

CeolicTBa DOTOKOB

B mocaexyomux paszaenax oGCcyxIaI0TCA Pa3iMdHbIe CBOHCTRA IIOTOKOB M CONYTCTBYIO-
mue BOl’IpOCb], a IMCHHO! HpHOpHTeTbI IOTOKOB, MOTOYHBIC ACMOHEI, I‘PYHIII:I HOOTOKOB,
a Takxke 0OpabOTYHKH M1 HeNePeXBAMEHHBIX HCKTIOTeHHA.

ITpuopumemv: nomoxoe

B aspixe nporpaMMUpoBaHHa Java Kadmaelid MOTOK UMeeT npuspwmen (priovity). [lo ymomua-
HUIO NOTOK HACAEAYET NPHOPHUTET POIUTENBCKOTO MOTOKA, T.€. TOTO MOTOKA, [0 MHAIUATHEE
KOTOPOro OH GbLT co3fiad. Jlng HoBbIIeHIA I NOHIKEHHA NPHOPHTETA [IOTOKA MCIIONL3YeTCs
metog setPriority (). Bo3amMOXHEbIE 3HAUYCHNS UPHOPHMTETA HAXOARTCH B AMANA30HE OT M-
HHUMIBHOrO 3padeHss MIN PRIORITY (1 B xaacce Thread) 0 MAKCUMAILHOTO 3HAYEHMS
MAX PRIORITY (10 pomcce Thread). OGeraHbl1 TPUOpUTET NORM_PRIORITY, KOTOPLIF HC-
TIOJIE3YETCS IO YMOMYAHHIO, MMECT 3HAUEHHE 5,
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B o6iweM caydae NIAHMPOBHIUK BBHIONHEHHS IIOTOKOB BRIOHPAET [IOTOK ¢ HAMBBICIINM
npuopureToM. OAHAKO CIeyeT OTMETHTD, T0 [IPABHIIA 00paboTKH HPHOPHTETOB IIOTOKOB
CYIECTBEHHO 3ABMCAT OT UCMOAB3yeMOii ccremsl. Ectu BupTyansHas Mamuya Java mosara-
€TCHA Ha PEAJU3AIIMIC TOTOKOB B HCIIOAB3YEMOH CHCTEME, TO PACIIMCAHHE BEINONHEHUA 110
TOKOB OyA€T IETMKOM M TIOTHOCTBIO 3ABHCETh OT FTGH peaiu3saruu,

Hampumep, B Windows NT,/XP nogaepxunaerca cemb ypoBHe# puopureros. Heko-
TOPBIE MPHOPHUTETSI Java 0TOGpakKaloTCA B COOTBETCTBYICIHE IPHOPHUTETHI ONEPAlHOHHOH
cucremel. B BUpTyanpHOM MaulHe Sun, OPHEHTHPOBAHHONM Ha ONEPALMOHHYID CHCTEMY
Linux, uadopManus O IPHOPUTETAX BOBCE UIHOPHPYETCH — BCE IOTOKM HMMEKT OAMH
H TOT K€ IPHOPHTET.

Taxum 06pazoM, MMEET CMBICT PACCMATPURATL IDHOPHTETHI TOTOKOB JINMIL KAk PEKO-
MEHIAIHH IIaHHPOBIIKKY. He ciepyer crpouTs nporpaMMy Tak, 9To0bl €€ (OyHKIMOHUPO-
BAHME 3ABHCET0 OT NOAAEPIKKH IPHOPUTETOR,

@‘ Ecnu Bel UCNONL3yeTE NPUOPKWTETLI, HE NOBTOPARTE OWKOKY, TMNUYHYIC ANS HAYUHAOLLMX

pazpafotynkos. Ecnn B NporpammMe NPUCYTCTBYET HECKONLKO MNOTOKOB C BbICOKWM Mput-

OpyTETOM, KOTOPLIE B NpOLecce paboTel peako GJOKUPYITCS Wik He BNoKMpYIoTCs BOBCE,

TO NOTOK G HASKUM TIPMOPUTETOM MOXET He NoNy4ynTh ynpaBneHue, ﬂpI/IHI/IMaFI pewerne 0

BeiBOpE AOTOKA, MAAHUPOBWMKK B TIEPBYID 04epedb BeIBMPAET NOTOK C BEICOKKUM NpUopUTe-

TOM W HE Y4WUTHLIBEET TOT $aKT, 4TO HUIKONPUOPUTETHLIA NOTOK NORYHAET CNULUKOM Mang
APCLECCOPHOIO BRPEMEHN. .

+p1 java.lang.Thread 1.0

* void setPriority{int newPriority)

¥cTaHaBAMBAET NPHOPUATET NOTOKA. TIpUOPUTET HOKEH HAXOAUTLCA B HHTEpBale
or Thread.MIN PRICRITY go Thread.MAX PRIOCRITY. HopmanbHBIM DpHOpPHTE-
TOM CUHTAETCH 3HaUeHne Thread .NORM_PRIORITY.

* static int MIN_PRIORITY

MunnManrbHBI TPHOPHUTET, KOTOPHIN MOXKET OLITEH YCTAHOBJIEH B Knacce Thread.
JlaHHOe 3HaYeHMe paBHo 1.

¢ static int NORM PRIORITY !
IIpnopureT no ymomrdanmio uid kxacca Thread. [lanHoe 3HaueHHe paBHO b.
¢ gtatic int MAX PRIORITY

MakcHManpHBIl TPHOPHTET, KOTOPBIH MOKET GBITH YCTAHORJICH B Kiaacce Thread.
Jannoe snavenue pasuo 10,

s gtatic void yield{()

[IpynyauTeabHO OTHHMAET YIPABJACHME Y TCKYIIero notoka. llpyn Hanuwamn apyrux
NOTOKOB, MMEIOMMX HE MEHBIIWI NPHOPHTET, YeM Y JAaHHOTO IIOTOKAa, OHH OyAyT
CACAYIOINHMH B OYEPEAH BBIIOIHACMBIX NOTOKOB. (OOpaTuTe BHUMaHHE, YTO 3TO
CTATHYECKUIH METO,.
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Iomoxu-demonnt

OGBIYHDBIA TOTOK MOXHO IPERPATHTL B nomox-demon (daemon thread) ¢ IOMOILEIO BBI3OBA
CAEAVIOWIET O METOAA:
t.setDaemon (true) ;

Hemon npeacrapiaser coboli NIOTOK, eAMHCTREHHBM HA3HAYEHHEM KOTOPOro ABIAETCH
obcayKuBaiue APYrix noTokos. [IpuMepoM MoeT CIy:KUTh TOTOK TaliMepa, KOTOPBIiT we-
pe3 onpejeeHabie HHTEPRAND BPEMEHH NOCLITAeT CHIHATK Apyrim noTokam. Ecin a npo-
rpaMMe 3aIyHIEHHBIMH OCTAIOTCA TOABKO IOTOKH-AEMOHBI, TO TaKasd NPOrpaMMa 3aBepiiaer
paboTy (Tax Kak NPoAOIIKATE €€ IPOCTO HE HMEET CMBIC/A).

T R R B
IAPI[' i ang.Thread 1.0 SN
[ ]

void setDaemon (bcclean isDaemon)

Ilomewaer nmoTok xax gemon. Jauxplii MeToR nomAeH OBITH BEI3BAH IEpe) 3ANYCKOM
MOTOKA.

I'pynnot nomoxos

B HEKOTOPDIX nporpaMmaX COAECPWIITCA MHOTO ITOTOKOB. B atom Cayyae ¥MeCT CMbICA
pazburp uX Ha (PYHKHMOHATLHBIE KaTeropui. Jdonyctum, yto 8 Web-6paysepe weckoabko no-
TOKOB IBITAKTCA 3d4IPY3HTh HECKONMLKO H306p3.H{€HI/H‘;I C Web-cepBepa. Ecnw nonnaoBatens
HLKUMAET KHOIKY StOp (uTo6st TpepRaTh 3arpysKy TEKYIEH CTPAHMLE]), TO ObLTO b1 YR0OHO
NpepBaTh TAKKE BHIIOTHEHHE BCEX MOTOKOB, OTBEYAIONINX 3a 3arpysky MaoOpaxenuil. B sabl-
Ke Java npegycMoTpeH MEXAHHAM CO3AARMS TaK HABMEaeMOl afynntt nomoxos (thread group),
HO3BOJIHIOIIIHﬁ BBIIOJIHATD ,HeﬁCTBHH OAHOBPEMCHHO HECKONBKMME IOTOKAMH.

II,JIH CO3AHNA IPYIIIB] HpI/IMCHHCTCH CJIe,E[YIOI.[IPIﬁ KOHCTPYKTOD:
String groupName = .3
ThreadGroup g = new ThreadGroup (groupName)

Crpoxorpiii mapameTp KOHCTpykTopa ThreadCGroup MAEHTHQHIEPYET rpyImy U mo-
3TOMY JOMKEH GuITh yHuKAIBHBIM, [loTokn 1o6aRagi0TCn B PYINy 3a CUCT YKA3aHus rpym-
IIEL B KOHCTPYKTOPE IIOTOKA, KaK II0KA3IAH0 HHXeE,

Thread t = new Thread(g, threadName);

Jdns roro wroGel NpOBCPHTD, 3AIVINEH M HEKOTOPBIH HOTOK M3 TPYIIBI, MOXHO
HCOONB30BAThL MeToa act iveCount ().

if {g.activeCount{) == 0)

// BCce moTokM B Ipynne g OCTAHOBJEHH

Jnn ppepsBaans BCEX NIOTOKOB B IPYNINE ACCTATOTHC BESBATL METOA interrupt ()
N 0GBEKTA IPYIITRL

g.interrupt (}; .// npepeBaeT BCS MOTOKM B IpyNne g

MexaHu3M UCIIONHHTEICH, PACCMATPHBACMBIH JANEE B PAABE, IO3BOISET BHITOIHUTE TY
e 33131y, He Npuderad K TOMOLHM TPy,

i
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I'pynnel noTokos MOryT cOAEpXaThk JouepHye noarpynnes. o ymomryarmo noBas rpyn-
Na MOTOKOB CTAHOBHTCA JOYEPHEH MO OTHOWIEHMIO K TEKYIICH, HO B KOHCTPYKTOPE MOMKHO
AIBHO YKa3aTb HMfA POAHTEABCKOH rpynnel. Meroael activeCount () u interrupt (}
OTHOCATCA KO BCEM MOTOKaM IPYIIEI U €€ AOYePHUX IOATPYII.

AFTL

java.lang.Thread 1.0

Thread (ThreadGroup g, String name)

Coapaer #oBEIH ToTOK Thread, npuHagnexkamuil rpynne ThreadGroup.

THapamemprr: g I'pynna, KOTOpo# A0NXKEH NIPUHAIIEKATE HOBBIH I1I0TOK
name Hms HOBOTO TIOTOKA

ThreadGroup getThreadGroup(}

BozppamaeT rpynmy, KOTOpoi TpUHAAIEKHT ITOTOK.

java.lang.ThreadGroup 1.G

ThreadGroup (String name)
Cozgaer gopyw rpymny ThreadGroup, PoauTeanckoll 10 OTHOIIEHHIO K HEH ABIS-
€TCA IPYNIIA, KOTOPOR MPUEAINEKHT TEKYIHH IOTOK,

Hapamemp name Hmsa HOBOI rpynime

ThreadGroup {ThreadGroup parent, String name)

CosgaeT HOBYIO rpyiy ThradGroup.

Hapamempu:: parent I'pynma, poanTenbckas o OTHOIEHHWIO K HOBOH I'PYTIITE

name Hnist HOBOH rpyIIsl

int activeCount ()
BoappamaeT BEpXHIOIO TPAHHAITY 911¢Ia aKTHBHBIX ITOTOKOB B rpynme.

int enumerate (Thread[] list)

IIpegocTapageT CCLLTKM HA KUKABIH aKTHBHBIA DOTOK B rpynmne. /i onpeferenus

pasmMepa MACCHBA MOYKHO HCIOAB30BATL MeTo activeCount (). Ecan maccur oxa-

3BIBAETCH CAMIIKOM KOPOTKHUM (HANpMMEDP, €CIHM HOBBIE MOTOKH CO3JAIOTCHA TIOCE

BBI3OBa MeToAa activelount () ), TO OH 3aNOAHAETCS NOJHOCTBIO, 4 IOTOKHK, KOTO-

pbl€ HE IOMECTHANCE B MACCHUE, HE YYUTBIBAIOTC,

Iapamenpr list Maccus, KOTOpbIiT Jomken GBITE 3ANCIHEH CCBUIKAMHA
HA NOTOKK

ThreadGroup getParent ()
BoaspaimaeT rpymnny, poAHTEILCKYIO IO OTHONIEHHIO K JaHHOMH.

void interrupt ()
IIpepsiBaeT BCE NOTOKHM B FPYHNC M €€ JOYCPHHX r[o,z[rpynnax;
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O6pabomxa HenepexeaueHHbix UCKoUeHUT

Metoa run() noToka He MOMXET F€HEPHPOBATE KOHTPOJKMPYEMBIE HCKIIOTEHHA, OZHAKO
HEKOHTPOJHPYEMOE HCKIIOUEHHE MOXET 3aBepIIUTD €ro BhMoanenne. B aTom cyvwae no-
TOK OCTAHABJIHBAETCL )

Bioka catch, B koropoMm uckmodueHHe MOKHO ObL10 661 0O0paboTaTh, HE CYHIECTBYET.
BMecTo 3TOrO nepesn OCTAHOBKON HCKIIOUCHHE mepeiacTcs oOpaboTumky HenepexsadeH-
HBIX HCKTIOYEHHH.

OBpaBoTUHK JOKEH TPHHAANEKATL KIACCY, peanusyiomeMy uuTepdeiic Thread.
UncaughtExceptionHandler. B srom untepdelice obbapaeH e IHHCTREHHEBIN METON,

void uncaughtException(Thread t, Throwable e}

B JDK 5.0 noseiaack BOSMONKHOCTh HHCTAIHPOBATE 00paloTuMK B COCTAR M0O0Io 110
Toka. Jxaa aroro umcmoabsyerca meTof, setDefaultUncaughtExceptionHandler ()
wracca Thread. O6paGoOTHHK JODKEH 3AMMCBIBATE cpeacThamy APT cooGmenns o Henepe-
XBaYEHHBIX MCKIIO9eHUAX B (paln IPOTOKOA.

Ecau BB He MHCTaLINpYeTe 0GPabOTUHE, HCNOIB3YEMBIH MO YMOTYAHHIO, OH IPHHHMA-
ercd pasHbIM Null. OaHaxo, ecan He HYRET HHCTALINPOBAH 00PabOTYHK A1 KOHKPETHOTO
HOTOKA, GYACT HCIIOABIOBAH 0O paboTIHE, COOTBETCTRYIOMI 0fberTy ThreadGroup.

Knacc ThreadGroup peannsyer uHTepdeiic Thread. Uncaught ExceptionHandler.
O6psaprcHHBIN B JaHHOM HHTepdefice MeTol uncaughtException () BBINOAHAET mepe-
YHCACHHBIE HIKE JeHCTBHA.

1. Ecm rpynna noToKoB EMEET POAHTENA, BLISBIBAETCA MeTOA uncaughtException ()
POANTEIBCKOMN MPYIIIIBL

2. B mpoTHMBHOM ciydae, eciu MeTof Thread.getDefaultExceptionHandler ()
BO3BPAIIAET HEHY/1€BOil 06pabOTYHK, 3TOT 0OpabOTHIHK BhI3BIBAETCSL

3. B TPOTHBHOM CIyHae, €C/IH Throwable npencrasaser cobOoit axzemmnap ThreadDeath,
HHYETO HE MPOHCXOANT,

4. B upoTHBHOM cay4ae B System.err BRIBOAUTCH MMA MOTOKA U TPaCCHPOBKZ CTEKA

. Throwabhle,

TpaccHpoBKy CTexa Bbl, HECOMHEHHO, BFIEMH, IBITASCH BBHIIOMHATL HEKOTOPBIE CBOH
TPOTPAMMEL.

XBAYEHHbLIX UCKMOUEHUA ANA KAKL0TO NoToKa, HU 0bpaboTunk no ymonyanuio. Ina ycra-
HOBKM 06paboTynka HeobxooMMO Co3Aate NOAKAACC Knacca ThreadGroup W nNepeonpe-
nenuTb MeTo uncaughtException ().

o nosienenus JOK 5.0 He 6bino BO3MOXHOCTA MHCTANAMPOBATE HU 06paBoTyunkmn Henepe-

"7 java.lang.Thread 1.0

i o S

¢ gstatic void setDefaultUncaughtExceptionHandler
{Thread.UncaughtExceptionHandler handler) 5.0

s gtatic Thread.UncaughtExceptionHandler
getDefaultUncaughtExceptionHandler () 5.0
YeTaHaBAMBAST WM BO3BpameT 006paboTYHK HeNepeXBadCHHBIX HCKMOYEeHHH,
HCTIOAB3YEMBIH 10 YMOTIAHRIO, |
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¢ voidsetUncaughtExceptionHandler
{Thread.UncaughtExceptionHandler handier) 5.0
s Thread.UncaughtExceptionHandler
getUncaughtExceptionHandler{) 5.0
YcTaHaBAMBAEeT WAM BO3BpamaeT O6paGOTYMK HENEePEXBAYCHHBIX MCKIIO9CHMI.
Ecau oGpaBoTaik He yCTAHOBNEH, HCIONBIYeTCH OGBEKT FPYIIILL

java.lang.Thread.UncaughtExceptionHandlex

¢ void uncaughtExcepticn (Thread t, Throwable e}

,HaHHb]I‘/Jl MeTOoA IepeconpcieldcTcd i HPOTOKOIAPOBAHNA OTHETd B CIydae, CCiIn
IIOTOK 33aBEPIHACTCA BCICACTBHE HENCPEXBAYCHHONO HCKAKYMEHN A,

Hapamempros: t IToTox, KOTOPBII 3aBEPIIHIICA BCAEECTBHE HEIIE-
PEXBAYEHHOTO HCKIIOICHIA

e O6BeKT HCMEPCXBAYCHHOT O HCKIOYCHHSA

“r1|| java.lang.ThreadGroup 1.0

¢ void uncaughtException(Thread t, Throwable e)
BeispIBaeT aHAIOrMYHBIA METOM POAHTENLCKOMN PPYIIIILI, ECAK OHA CYIIECTBYET, 1160
BBI3bIBACT OOPAbOTUMK NO yMONIaHMIO Kilacca Thread, ecan paneblii 00paboTYHK
CYIIeCTRYET. B IPOTURHOM CJTyuyae BRIBOAHT TPACCHPOBKY CTEKA B CTAHAAPTHAI HO-
tok omubku. (Ecan e — 3To obbekT ThreadDeath, TpaccHpOBKa cTeka ITOAABJIACT-
ca. O6bekTsl ThreadDeath TeHEpPUPYIOTCA METOAOM Stop (), KOTOPBIA B HACTOS-
iee BpeMs He PEKOMEH0BAH K IPUMEHEHUIO. )

Cunxposu3anus

JIOBOJ'II)HO H9aCTO B MHOTOHOTOYHBIX INPHIQMKCHUAX JBYM WIH Honee NMOTOKAM Tpe-
ByeTcs NPeJOCTABUTD JOCTYH K OAHHUM M TeM ke 00berTaM. UTo Xe NPOHCXOJUT, KOTAA
JBa MOTOKA OCYMIECTRAAIOT AOCTYI K OJHOMY OOBLEKTY M BBI3LIBAIOT METOhl, H3MEHAIO-
mue ero cocrosHuer Hecnoxno aoragaTecs, YTo OHM “HACTYNIAIOT APYr APYTY HA MT-
K1” M, B 31BHCUMOCTH OT HOPHAKA ZOCTYIA K JAHHDIM, 00BEKT MOXET ObITh OBPEMHKACH.
Taxas cuTyan#a Ha3pIBaeTCd 2onKol (race condition,).

ITpumep eonxu

Bo u3bexaHHe HeXeIAaTENbHBIX MOCIEJCTBHI OJHOBPEMEHHOTO OOpallleHUA HECKOIb-
KHX PA3HBIX TICTOKOB K OAHOMY OOBEKTY HEOOXOINMMO CUMXPONU308aMbs NOCTYII K HEMY.
B 3ToM pasjene ONMCBIBAIOTCH BO3MOMHBIE CHOCOObI IOBEAEHHS MHOTIOIOTOYHOH IIpo-
rpaMMBel TP OTCYTCTEMN CHHXPOHUAAINH, 4 B CISAYIONEM — CIIOCOBE CHHXPOHH3AIIHH,

PaccmaTtpriBacmas HyDKE ITPOTPAMMa HMATHPYET padoTy 6anka co cuetami. Mer crygaitHeIM
06pazoM reHepUpyeM TPaHIAKIMH [0 IEPEBOIY AEHET ¢ OOHORO CHETA Ha Apyromn. s Kaxaoro
C4€TA CO3AAETCS TOTOK. B mpoliecce TpaH3aKITHH MPOM3BOJIBHAA CYMMa CHHMAETCS €O CUETa, 00-
CIPKHMBACMOTO JAHHEIM IIOTOKOM, M IICPEChUIACTCS Ha CTy9aiiHO BEIGpAHHBIH CUeT.

Koz NporpaMMbl BOCTAZTOYHO TPOCT ¥ OCHOBAH Ha Kiacce Bank ¢ MeToAoMm trangfer ().
STOT METOJ IIEPECHUIACT ONIPEACACHHYIO CYMMY € OXHOro cuera Ha Apyroi. Ecan ucxomnbii
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CUET HE COAEPHKHT JOCTATOUHONH CYMMbI, TO HWIEIG HE IPDOHCXOIHT M METOJ MPOCTO BO3-
BpamaeT ynpasaeHue, PaccMoTpiy, Kak BRICIAAUT Kog meToga transfer () xmacca Bank.

public void transfer{int from, int to, double amount).
// BmymMaHue: 3TOT KoL HE HAOCKGH
// Tpu BHIZOBE W3 HECKONBKME [OTOKOR

System. out .print (Thread. currentThread(}) ;
accounts [from] -= amcunt;
System.out.printf(* %10.2f from %d to %d“, amcunt, from, to);
accounts [to] += amount;
System.out.printf (" Total Balance: %10.2f%n",

getTotalBalance ()} ; .

Hrnxe npusegeno onpeaenente kracca TransferThread ¢ meToaoM run (), KOTOpEi
cogepEUT GeCcKOHEHDBIH UK nepepoja geHer, Ha kaxaoil urepanun Meros run () BeiOu-
paeT NMPOHIBOILHBIM OOPA3ZOM CHeT HAZHAYEHMS H CYMMY, @ NMOTOM BBI3BIBAET METOJ
transfer (). 3aTeM ero BHINOINEHRE TPHOCTAHABAUBACTCA ¢ TOMOLIBIO MeToAa sleep ().

class TransferRunnable implements Runnable

public void runi()

try

{

int tocAccount = (int) (bank.size(} * Math.random()};
double amount = maxAmcunt * Math.random();
bank.transfer (fromAccount, toAccount, amount);
Thread.sleep((int) (DELAY * Math.random()}):

catch (InterruptedException e) {}

Ilpn BemcaneHMy FTUX OLEpPaliil HEMIBECTHD, CKONBKO JEHET COAEPMKHNTCA HA KaKAOM
cyeTe B 0aHKe B 3aJaHHBIH MOMeHT. OnHAKO M3BECTHA OOWIasd CyMMa, KOTOpad NO/GKHA OCTa-
B2THCSH HEH3MEHHOIH, HOCKOIBKY BCC TPAH3AKIUY TPOHCXOAAT B IIPEAELAAX OJHOro GaHka.

B konne kKaxaoll TpaHsaknum MeTod transfer () noacuuTeiBaeT H BRIBOAHT o0dIee
KOJIMYeCTBO AeHEXHBIX CPEACTE OAHKA. _

9'1".1 nporpaMM& MOXKeT pa60TaTb 6€CKOHC‘IHO AOJTO; IJIS BRIXOAA U3 Hee HCO6XO}IHMO
HaxaTh koMOuuanuo k1asunr <Ctrl+Co.,

HH}KC IIOKAa3aH THHPI'-IHI:)II‘:I pe3YJIbTaT ce paﬁOTb].

Thread [Thread-11, 5, main] 588.48 from 11 to 44 Total Balance: 100000.00
Thread [Thread-12,5,main] $76.11 from 12 teo 22 Total Balance: 100000.00
Thread [Thread-14, 5, main] 521.51 from 14 to 22 Total Balance: 100000.00
Thread [Thread-13, 5, main] 359 .89 from 13 to 81 Total Balance: 100000.00
Thread [Thread-36,5,main] 401.71 from 36 to 73 Total Balance: 99291.06
Thread [Thread-35, 5, main} 691.46 from 35 to 77 Total Balance: ©8291.06
Thread [Thread-37, 5, main] 78.64 from 37 to 3 Total Balance: 99291 .04

Thread [{Thread-24, 5, main] 197.11 from 34 to 69 Total Balance: 95291.06

Thread [Thread-36,5,main] 85.95 from 36 to 4 Total Balance: 99291.06
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Thread [Thread-4,5,main] Thread [Thread-33, 5, main] 7.31 from 31 to 32 Total
Balance: 99979 .24 ‘
627.50 from 4 to 5 Total Balance: 993579.24

Kax smaure, nporpamma paGoraeT HekoppekTHo. JUIsl HECKONLKHX TpaHsakuuii Gar-
saHe ocraetcs paBEmiM 100 000 gosnapos (100 cueros no 1000 zoanapor Ha KamaoOM).
Ho 4epes HeKOTOpPOE BPEMS OH CIETKA U3MEHASTCH. 3Ta oMuGKa MOKET IPOABMTECA MIHO-
BEHHO WU CIYCTH AIHTEIbHOE BpemMa. PazymeeTcd, Takad paboTa IporpaMmbl HE BBI3BIBAET
JOBepUA K GAHKY H €TO KIHEHTBI BPSAJ, JIM 3aX0TAT Pa3MeIaTh B HEM CBOM CHepeKeHnsL.

TloasocTeIo HCXOAHDBIH KOJ IporpaMMel npreeae Bomcruare 1.3, Housitaiirecs camo-
CTOATENBHO HANTH OMMGKY M CPaBHUTE PE3YALTATHE BAMICro MOMCKA ¢ OUBACHEHHSMH,

KOTOPIJIS COREPIKATCH B CACAYIOLIEM DA3eiae.

JIuctunr 1.3, Cogepxumoe caiira UnsynchBankTest . java

/**
2T7a NPorpaMMa OEeMOHCTPMPYEeT HeKOPP&KTHYR ofpalfoTky IaHHHX
NPy OOHOBPEMEHHOM O0pamieHitf X HMM HECKOMLKMX HGTOKOSB.

*/
public class UnsynchBankTest

public static veid main(String([] args)

Bank b = new Bank (NACCOUNTS, INITIAL BALANCE) ;
int i;
for (i = 0; i1 < NACCOUNTS; i++)}

{

TransferRunnable r = new
TransferRunmakble(b, i, INITIAL BALANCE) ;

Thread t = new Thread(r); .

t.start () ;

}

public static final int NACCOUNTS = 100;
public static final double INITIAL BALANCE = 1000;

}
/**

BaHK CO CUeTaMM.
*/

class Bank

/**
KOHCTPYKTOR OOBeKTa, CIMCHERapuero GaHk.
@param n KoaMdecTBO CUeTOB
@param initialBalance HauanbHasd cyMMa g xaxigoTo cdeTa
*/
public Bank{int n, double initialBalance)
accounts = new double([n];
for (int i = 0; i < accounts.length; i++)
accounts[i] = initialBalance;
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/**
MepecuyaeT CpencTBa C OJHODO CHeTa Ha IPpYyToH.
@param from Cuer, ¢ KOTOpOrO NepeBOOATCR CpelcTBa
@param to CueT, Ha KOTOPHIM NMePeBOAATCSH CPedcTEBa
@param amount CyMda, nomnexamas NepeBony
+*
/
public¢ void transfer(int from, int to, double amount)
{
if (accounts[from] < amount) return;
Sysgtem.out .print (Thread.currentThread()) ;
accounts[from) -= amount;
System.out .printf (" %10.2f from %4 to %d",
amount, freom, toj;
accounts [to] += amount;
System.out.printf (" Total Balance: %10.2f%n",
getTotalBalance ()} ;

/**
NonyueHmwe obOler CyMME! Ha BCeX CYeTax.
@return ODigAa CyMMa

*/

public double getTotalBalance{)

{

double gum = 0;

for (double a : accounts)
gum += a;

Talarn 2Ry

}
/-A—*

llony4deHrue 4mcia CHeTOoB B OA4HKe.
@return YvCnC CueToR
*/

public int size()

return accounts.length;

}

private final doublel] accounts;

}
/**

OopexT Runnable, KOTOPEEI NepeBOIMT CpRpedCTBa C CGIHODO CYeTa
Ha OpyToi.
*/
clasgs TransferRunnable implements Runnable
/**
KoHcrpykrop obeexra Runnable.
@param b BaHk, MexXIy cYeTaMM KOTOPOIO NePeBONATCs CperdcTbBa
@param from Cder, C KOTOROIC HALO NEPECHATE CPeOCTBA
@param max MakcuMallbHBM ODBEM NepecHilacMEY CPelcTs

*/
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public TransferRunnable(Bank b, int from, double max)

bank = b;
fromAccount = from;
maxAmount = max;

}

public void run()

try
{

while (true)

{

int toRccount = (int) (bank.size(} * Math.random{));
double amount = maxAmount * Math.random();
bank.transfer (fromAccount, tolAccount, amount});
Thread.sleep ((int) (DELAY * Math.random({)});

}
}
catch (InterruptedException e} {}

!

private Bank bank;
private int fromAccount;
private double maxAmcount;
private int DELAY = 10;

Yeroeun, npu komopox 603HUKAIOM 20HKH

B npenpixymem pasnene npHBoANTCA IIPUMEP DPOrPaMMbl, B KOTOPOK HECKOABKO IOTO-
KOB MOTYT OJJHOBPEMCHHO OGHOB/IATE COACPKNMOE GaHKOBCKUX caeToB. CnycTs HeKkoTOopoe
BpeMs TIOCHE 3AyCKA NPOFPAMMBL MOXKHO 3aMETUTh, UTO KAKAA-TO YACTb ITOCTOSHHBIX
cpexcTs Banka TG0 HeoHBICHIMO TEpAETC, MO0 BO3HHKACT. JTa NPOLAEMA 10IBALETCS
B TOM C/AyYde, KORZa JABA MOTOKA IMBITAMTCA OJHOBPEMEHHO OBHOBUTL COCTOAHUE CYETA.
[IpearronoxKuM, 9To 1Ba TOTOKA OJHOBPEMEHHO BRITTOMHAIOT CACIYIOMYIO HECTPYKITHIO:

accounts [to] += amount;

fIpo6nema 3aKMOMAETCA B TOM, YTO 3TA MHCTPYKIMA HE ABIACTCH amomainoit (atomic),
T.€. COCTONT M3 HECKONDLKMX ONiepaliiii, 1 06padaThIBACTCA CHEYIOMIM OGpPa3oM.

1. 3arpysxasnauenuns accounts [to] B perucTp.

2. (yioxenHe 3TOrO 3HAYEHUA CO 3HAYEHIEM amount.

3. IlpucrocHHe HONYHEHHOW CYMMBI 3HAYEHHIO accounts [tol.

[IpennoroxiM, 9TO NEPBLIA IIOTOK NPEPRIBAETCS NOC/C BHINOMHEHHS onepanuit 1 u 2.

3atem JpyToOil MOTOK MOAyHacT YIOpaBieHHe H OGHOBIAACT TOT KE IACMEHT MaCcCHBa
accounts. JonycTuM, 9To jajice TPOIOKAET BLINOTHEHHUE IEPBLIA IOTOK, KOTOPLI BBI-

[OJHSET OUEPauio 3.
[Mocneasee AeHcTBIE TEPBOro MOTOKA YCTPAHACT PE3YALTATE MOAMGIIKALIIH DIEMEHTA,

BBHINOJHEHHOH APYrMM nOToKoM (pHc. 1.4).
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TransferThread 1 TransferThread 2 ‘ accounts{to]

Pervctp notoka 1 PerucTp noToka 2

3arpyaka 5000 -

CrioxeHue 5500

e ———— -

3arpyaka { 5000 l< ...... L 5000 J

Cnoxemel 5900 | L 2000 J

CoxpaHewe[ 5300 q ------ hr 5300 J

Coxpanenve BEOD  ereefrrrenns

Puc, 1.4. Oanospemernsii A0CTYN JBYX DTOTOKOE K OJHOMY SAEMEHTY

Jauuyio onMbKy BRIABRAAET paccMoTpendas panee nporpaMma. (CymecTsyeT Taioke pe-
POATHOCTb MTOTYYEHUA HEKOPPEKTHOTO PEIYALTATA B TOM C/IyHae, ECIH HOTOK IPEPLIBAETCA
B IIpouecce nojcyeTa oduiei CyMMBL.)

MoK HEOBXOAMMOCTY BbI MOXETE NPOAHANWAWPOBATE BARTOBLIA KO, KOTOPLIA BUPTYANbHANA
MALLIMHA UCNIONB3YET ANS1 BEINQNHEHWS TOr WITW UHOMO BLIpaXeHna, BLiNonHWTe koMaHgy

javap -¢ -v Bank
Ona geomnnupyet galn Bank , clasg. Hanpumep, MHcTpyrkiyas
accountsitol += amount;

npeoBpasyeTca B MPUBEAEHHBLIA HIKE KOA.

aload 0

getfield #2; //Field accounts: [D
iload_z

dup2

daload

dload_3

dadd

dastore

CmeiCn STOro Koad HE HOMXEH BAC BONHOBATE. [ NABHOE, OH NOKA3LIBAEY, YTO KOMaHOa
CNOXEHNA COCTOUT U3 HECKONBKUX MHCTPYKUME, 8 BLINOJHEHWE NOTOKA MOXET BbiTh npe-
pBaHO Ha MoBOoI U3 HUX.
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BepodaTHOCTH BO3BHHKHOBEHWA TAaKOH OWMOKH KpaliHe Magd, OJHAKO MBI HCKYCCTBCHHO
TOBBICHIIN €€, BKAKYAA ONEPAIIHIO BRIBO/IA MEXKAY BEIPAKCHHAMM, UCIIOALIYEMBIMY 114 06-
HOBJCHHS CYETOB.

Ecnu BBl ygasnTe Onepaliii BHIBOA, NIAHCH HOBPEAACHHA JaHHBIX 3HAYHTENBHO CHU3AT-
co1. Jleno B TOM, 9TO KAX/IBIH OTOK [E€PE] BLI3oBOM QYHKIIMH sleep() BBIIOIHAET OYeHL Ma-
aviif 06BeM paboThI, HOYTOMY MaROBCPOATHO, YTOGH! NAAHHPOBIIMK BLITECHII MTOTOK B IPO-
recce nbraucaeanii. Ho, necmoTps Ha 370, BEPOATHOCTD TAKON CUTYariuyt HE DaBHa HYJIIO 1 €€
HeoGXOAHUMO YIMTBIBATL P paspalGoTke nporpamM. Ecm vel samycrure GoaBIIOE KONUUECT-
BO HOTOKOB, A3 K TOMY K€ MamuHa GYACT 3aHATA pelleHHeM APYTHX 33439, PAaHO WM MO3IHO
noTok GyAeT pepBaH Npu 0GHOBAEHAM CUETa, Aake €CAH OIepalys BEIBOJAA GYAET OTCyTCT-
BoBaTh, Jo nogRtennus OmHGKI MOTYT TPOMTH MHHYTAI, Jackl M IaYKe AHA, HO PAHO MU MO3A-
HO OHA BODHUKHET. 3aMETHM, KCTATH, YTO B paboTe NPOTPAMMMCTa PEAKO Ghisaior Gonee
KPYIHbIC HCIIPHATHOCTH, €M OnMOKa, POARAAIOMIANCA Pa3 B HECKOMBKO AHEH.

TaxuM 06pa3oM, OCHOBHas MNpoDBAEMa COCTOMT B TOM, 9T0 BHIIOIHEHHE METOJA
transfer ()} momer GpiTh Hpeppanc nocepeaune, CocTonuue 0ObekTa OAHKOBCKOrO Cuera
HE MTOBPEXTAN0CHE OB HUKOTAA, ecii Gbl paboTa 3TOro METO/a 3aBepInanach A0 TOro, KAk MOTOK

TOTEPAET YIIPARICHUE. :

baoxuposanue obsexmoe

Haupman c¢ JDK 5.0, B pacnopsskeHuH pa3spaGoTYHKOB €CTh ABA MEXAHWIMA 3AIHTHI
q]paI'MCHTOB KoJ4a OT OIIHOBPCMGHHOI'O 06pameHHH paa_nﬂqﬂmx THIOTOKOB. B paHan BCPCI—{HX
Java qu1a 8TOrO MCNOAB30BANOCH KIIOYEBOE C10BO synchronized, a B JDK 5.0 661 npemno-
aeH Kiace ReentrantLock. G noMolibio KIIOYEBOro clopa synchronized NOAREpKHBA-
Jack Kak OJOKMPOBKA, Tak M cOeOUaabHble “ycnoeua . Ha namr Barmag, aeiicrBue
gsynchronized Ipote MOHATE, PACCMOTPEB GIOKHPOBKY H YCI0Bus oTaelAbHo. B JDK 5.0 ans
nomf:p}mm AANHLIR (;)}THB,&MEHTMBHB‘X MEXATNVAMOB 65155“ peaﬁﬂaoaam;i OTACADHLIC KAACCh,

TumigHas cxeMa 3amuTE HI0Ka Koja B Reent rant Lock npuBeaena HIDKe.

myLock.lock () ; // OOvexr ReentrantLock
try

{

KOHTHYHLE! $parmMelT Koja .

finally

{

myLock.unleck () ; J// Onepauuio pastloOKMPOBRAHMS HEOOXOOMMO BEIICIHMUTh
// naxe nNp¥ BOBHMKHOBEHUM MCKIIKYEHMA

JlaHHaA KOHCTPYKIHSA MAPAaHTHPYET, YTO B KKABIA MOMEHT BPEMEHH K KPHFHYIECKOMY dhpar-
MEHTY KO3 CMOKET 06DATHTECH TO/LKO OUH 0TOK. KaK T0/6k0 noTok 3a010KUpYeT 00beKT,
HH OJHH APYroi HOTOK He CMOMKET CAETATh TO JXKe caMoe. Brinosnenie noTOKA NPUOCTAHOBUTCH
Ha BbI3oBe MeToda lock {) 10 Tex mop, Noka He GyzeT BRIOAHEH MeTOn untlock ().

Hapaitte ncnosbayeM SXOKMPORKY A4 3aiprel MeTofa transfer () s Kracce Bank,

public class Bank

public void transfer{int from, int to, int amount)

{

bankLock.lock () ; - .
try S -

{
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if (accounts[from] < amount) return;

System.out.print (Thread.currentThread!()};

accounts [from] -= amount;

System.cut .printf (" %10.2f from %d to %4,
amount, from, te);

accountsto] += amount;

System.out.printf (" Tetal Balance: %10.2f%n",
getTotalBalance(}) ;

v

finally

bankLock . unlock () ;

}

private Lock bankiock = new ReentrantLock(}); // ReentrantLock
// peanusyer unrepdeiic Lock

IpetionoxaM, 9TO OZAH HOTOK BBI3BAJI MeTod transfer () U 0ka3arcs BHITECHEHHBIM
panee, YeM METON 3aKOHUMA CBOKO paboTy. Bropoil moTok He MOKeT BRINOMHUTE TEAO Me-
Toja; ero paGora TpHOCTARABIMBAETCA Ha BBI30BE MeTo/la lock (). OH CraHOBUTCH HEAK-
THBHBIM M BBIEVAJICH JOMAAThCH, KOTAA UEPBHH MOTOK 3aBEPHIMT BhIIOTHEHUE MeTOAA
transfer (). Korga mepsplit nOTOK BBI3LIBAET METOL unlock (}, BTOPO HOTOK NOAyYAET
BO3MOXKHOCTL IPOIOILKHTE paboTy (puc. 1.5).

Tlonpobyem Hcnoab3OBaTh JAHHBIE ITOJXOJ HA NpakTwke. Jo6aBHM KoJ, mpenHa3Ha-
YeHHBIH 1A CJOKHDOBEM, B Tel0 MeTopa transfer () W CROBa 3amyCrHM HDPOTPAMMY.
Ckosibko Gbl MBI HU paboTain ¢ Hel, JAHHBIE HE TTOBPEKAAI0TCA,

3amersTe, 4TO Kax/Ablil 0OBEKT Bank coAepUT CBOH 00BeKT ReentrantLock. Ecan B
ABYX [TOTOKaX NpoM3okaeT obpalleHHe K OJHOMY M TOMY e 00bekTy Bank, peaisHo I10TO-
K1 GyAyT paloTaTh ¢ JaHHBIMH IOCAEA0BATEABHO, OAHH 3a ApyruM. Ecmn xe noroku obpa-
TATCA K pasHbIM O0BeKTaM Bank, KaKAbli [IOTOK 3a6J0KHUpYET CBOH OOBEKT M HH OJHH U3
HUX HE CTaHET ZOXHIATHCHE CKOHYAHUA padoeThl BTOporo, Tak M A0/KHO GBITh, IOCKONBKY,
pafoTas ¢ pasHpMM 00BbekTaMK Bank, HOTOKH HE MEIAIOT APYT APYTY M OMacHOCTEL TIOBpe-
JKICHIA JAHHBIX HE BOSHUKAET.

B Hazsarun 06bexTa Reentrant LOCK MPUCYTCTBYET CI0BO reenirant (IOBTOPHO BXOAH-
MbIiT). [Jeno B TOM, YTO HOTOK, IOAYIHBIINE 06BEKT ReentrantLock, T.e. BBIHOAHUBITHA
GIOKHPOBKY, MOXKET CACIATH 3TO NOBTOPHO, IS MOAREPKKY BIOKEHHbBIX GIOKHPOBOK UC-
[IOAB3YETCH CTIENMATbHBIA CHETYHE, KOTOPEIH XPaHHT 9Acio oOpameHui kK Metoay lock ().
Jns xaxaoro Be1308a lock () MOTOK JO/DKEH BRI3BIBATh MeTO[ unlock (). baarogaps na-
JUUMIO JAHHOH BOAMOMNKHOCTH, KOJ, 3alMUIEHHBIN ¢ ITOMOMIBK) OJOKHPOBKH MOXKET Bb-
3BATEH APYTO#M METOM, A KOTOPOTO HCAOAL3YETCS Ta e BIOKMPOBKA.

Hanpumep, metox transfer () sbiabipaeT meton getTotalBalance(), KOTOpPBIM
Tarxe Groxupyer 06bexT bankLock; Tenepb 3Ha496HUE CYETIMKA CTAHOBUTCA PaBHBIM 2.
Koraa meton getTotalBalance (} saBepiraer paboTy, 3HaUEHHE CYCTIYHMKA BHOBE CTAHO-
suTca pasapiv 1, To oxonvwanunm swimonkesna meTofa transfer {) caerTuux oOHyNAETCH
1 G1CGKMpPOBKA MpeKpaIlacTca

OO6muii APHANKI TAKOB! NOCPEACTEOM SAOKMPORKY HEOOXOAMMO 3AMMUINATL pparMeH-
TBI KO3, PealH3yIHe MHOKECTBCHEDBIE OMEPaIdi 0GHOBICHMSA U NPOBEPKH CTPYKTYD
JaaEerx, [Ipu 3ToM BB CMOMeTe GLITH YBEPEHBI, UTO KPUTHUHAA OUEPAMS BHINOIHUTCH
MONHOCTHIO ¥ He GyAeT NpepBaHa APYTHM MOTOKOM, OGPAIIAOIHMMCA K TOMY e 0GBEKTY.
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Puc. 1.5. CpaBHeHne CHHXPOHU3HPOBAHHLIX H HECHAXPOHHM3HPOBAHHBIK HOTOKOB

HeoBxoaumo cneamts, 4106k BRINONHEHME KPUTUYHLIX PPArMEHTOR KOOA HE HapyLWanocs

@' BC/IEACTBME reHepatni UCKMIOHEHWA. ECcnn UCKNIOYEHNE MOXET BO3HMKHYTL 10 OKOHYaHWSA
¢parmenTa, B 6noke finally crnedyeT CHATL Gnoxnpoeky. He coenas aTo, Bbl puckyere
OCTaBWUTL MNPOrPaMMY B HEAOMYCTUMOM COCTOAHWA.

ik Java.util, concurrent. lc_icks .Lack 5.

e void lock ()
Ocymecreiaser Groxkaposxy. Ecrm GIOKMPOBKA Y€ BBIIONHEHA APYIHMM IOTOKOM,
BEITTOTHEHUE TEKYMIErO TOTOKA NPHOCTAHABINBAETCSL. )

* void unlock ()

CunmaeT GIOKUPOBKY.

ﬁ’ ‘java.util.concurrent.locks.Reentrantlock 5.0

® ReentrantLock (}
Cosgaer obbexT ReentrantLock, KOTOPBIH MOXeT GBITh HCTIONB3OBAH 151 3AIHMTEI
KPUTHYHBIX (PParMeHToB Ko/a.
+



56 Maea 1. MHOTONOTOYHOCTh

Obsexmui yeroauii

OueHb 4acTO, IPHUCTYIIMB K KPUTHYHOMY (pparMeHTy KOjAa, IOTOK BBIACHACT, UTO OH HE
MOMXKET NMPOACHAAKATh PabOTy A0 TEX MOP, NOKA He GYIET BBIIOIHEHO HEKOTOPOE YCIOBHE,
Jlnst yripanaeHust HOTOKAME, KOTOPDIE TOXYIHIN GAOKHPOBKY, HO HE MOTYT BRITOAHATE T10-
JEIHBIX ACHCTBUI, MCNONBIVIOTCH ofsexmu yeaoeui (condition object). B mannom paszene
paccMaTpUBaETCH peasM3anus oGbekToB yenosuil B8 6ubauorere Java. (OGbEKTH YCIOBHIH
YACTO HA3BIBAIOT TAKMKE nepemennvinu yorosud (condition variable).)

Moaudunupyem mporpaMMy, EMUTHPYIONYO padoTty Ganka. Kax Mer yKe 3HacM, nepe-
BOJ, CPEACTB CO CYETA € HEAOCTATOYHOH cymMMoil nepomyctum. O6pATUTE BHHUMAHME, HTO
JJIS HTOT0 HEJIbAS UCTOIH30BATE KO

if (bank.getBalance (from) »= amount)
bank.transfer{from, to, amount);

HAeno B ToM, 9TO TEKYIIUMH DOTOK MOKCET ObITH NPEPBAH MEKZY YCHOEIIHON IIPOBEPKOH
U BBIZOBOM MeTo/a trans fer Tak, Kak rToKa3aHo HUxKe,
if (bank.getBalance{from} =>= amount)

// ToTok MoxeT OhTE NPEPBAH B 3TOM MECTE.
bank.transfer{from, to, amount);

K MOMCHTY, KOIAd I[OTOK BHOBL IIOMYYHT YHPABJICHHE, CYyMMa amount MOXeT CTaTh
MeHblIe TOH, uTo Tpefyerca ad neperoaa. Heobxonumo caenaTs Tax, YTOGEI IOTOK HE MOT
OBITE IPEPBAH MCXAY IPOBEPKOIL U IFCPEBOAOM CpeACTB. s »Toro HeoGxoAMMO 3a6I0KH-
poBaTh 0DE OUEPAHH,

public void transfer{int from, int to, int amount)

bankLock.lock () ;
try

while (accounts[from] < amount)

// Oxmnanue

// Tepepon neHer

finally

bankLock.unlock () ;

YT NPOMCXOAUT, KOTAA HA CUETE HEAOCTATOUHO CPEACTR? 3TOT OTOK NEPEXOIUT B CO-
CTOAHNE OKUAAHMA, TTOKA APYTOH NOTOK He 106aBHT TpeGyeMoe KOJHYECTBO Ha 3TOT CYET.
Ho aaHHEIR DOTOK MOMYYUT UCKIOYHTEARHBIE JOCTYI K 00BeKTY OaHKa, U APYTHE TOTOKH
HE MOTYT TIEPEBOAUTD JEHEKHEIE CPEICTRA. B MOAOGHBIX CHTYANMAX NPUXOAAT HA IOMOITh
OGBEKTRI YCIOBHIL

C oGbhexToM OGJ0KHMPOBKM MOMKHO CBA3ATH OJWMH MM HECKOABKO OOBCKTOR YCAGBUH.
Jnn nonyuennsa obbekTa YCROBMS MCNOAB3yeTca MeTog newCondition (). Kenarenpso,
9T00L! HMEHA OGLEKTOB YCAOBHIA OTPAKATH COOBITI, IPEICTABAAEMbIC ITHMH O0LEKTAMH.

——
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Hanpumep, B nprsefeHHOM HivKe (DParMedTe ROAA COBNASTCH OFBEKT, MPENCTABNHIOUIHH
yegopne “gocratouno cpeacts” (sufficient funds).

class Bank

{
public Bank()

{

sufficientFunds = banklLock.newCondition();

}

private Condition sufficientFunds;

Ecan meton transfer () 06Hapy)KHBa€T, YTO CPEACTE HEJOCTATOYHO, OH BHIIDIBAET
e AV MeTOA;

gufficientFunds.await{} ;

Teneps Texymuii MoTox HPHOCTAHABINBACT PAGOTH! M YCTYTIAET GIOKHPOBKY, MO3BOJIS
{ecan oBe3seT) APYTOMY MOTOKY YBEAMYHTh CYMMY Ha CIeTe.

Mesxay mOTOKOM, OHARIOUHM ITONYHeHUS GJI0KHPOBKH, i HOTCKOM, BLI3BABIIMM METOS
awailt (), ecTsh cymlecTseHHOE pasiayuude, Boapak MeTog await (), JOTOK NepexoiuT B pe-
HUM OHUGEHUA HTH TIPUCOETIHIACTCA K MuoMecmay oxcudanus (walt set) A1a JaHHOrO YCio-
BHA. Hpm pas6)101mp0m{c IIOTOK He BO3OOHOBIAET paﬁo’r’y. On NPOACIKACT OKMIATD, TIOKA
APYroi BOTOK HE BRI20BeT MeTod signalAll () Ang TOro ke yeIosus.

Korga gpyro#t ROTOK NEPEBOAUT CPEACTBA, OH AC/UKCH BbI3BATE CACTYIOMMA METOA:

gufficientFunds.signalall{};

B pesyabraTe BCe MOTOKU, OKHMAAIOIHE BBUIOIHEHMS YCIOBUS, BO3OOHOBAXIOT paboTy.
INpu BRIXOAE U3 pEXMMA OKHIAHMA OOTOK CHOBA CTAHOBUTCA 3aIlyIEHHBIM, H IUTAHHPOBIIHK
CO BpEMCHEM AKTHBH3UPYET ero. 11oToKY, HMepmine GUIOKHPOBKY, NPCAIPUHHMAIOT IIOIBITKY
BepHYTh €e, OIHOMY M3 IOTOKOB 3TO VAAETCH, H OH IPOJONKAET BHIIOJHEHNE C TOrO MOMEH-
Ta, TAE OHO BBLUIO OPHOCTAHOBAEHO, T.€. C ONIEPAITHH, caexyronieil 3a BprsopoM await ().

C 3T0T0 MOMEHTA IOTOK BHOBb HASHET TPoBepKy yosopus, Her nmkakoil rapagruy, 9710
HA 3TOT Pa3 OHO BHIIOAHRETCN; MeTo) signalall { 1 cooduiaeT AWML O TOM, UTO CATYAHus
HIMEHUWIACH ¥ YCAOBHE MONER BEIIIOMHATHCH. [[OFTOMY [IOBTOPHAM MPOBEPKA 00AIATE/IRHA.

B peankHbix nporpaMmax Bei3os await() Bcerna fomKeH Hax0auTeCH B UMKNE, NOJ06HOM
: NpPUBSASHHOMY HUXE.

while (! {MOXHO_IPOAC/MKETE) )
condition.await () ;

Ouenp BAKHO, YTOOBI KaKOi-AUbd TIOTOK NepHOINIECKH BhI3BIBAN MeTOA SignalAll ().
Korga noTox BeI3pIBacT METOA awalt (}, OH yKe HE HMEET BO3MOXKHOCTH Pa3blIoKNpOBaTh
cehn CaMOCTOATENLHO M ero cyabha 3aBUCHT OT JPYTHMX NOTOKOB. ECIM HN B ONHOM K3 HHX
He OPraHK30BAHA PA3GAOKMPOBKA, TO OH HUKOTAA HE CMOXKET FANYCTHTLCH cHOwa. Takas
CVITYAIMs HARBIBACTCA 3aumHol GroKuposiot Wi mynuxom (deadiock). Ecnu ree noroxu Go-
KHPOBAHEL, A IOCAEIHUN AKTHBHEN IIOTOK BRI3BIRAET METOZ await () Ges pazbroKHpOBKu
APYrEX MOTOKOB, TO OH TAKXKe CTAHOBHTCA GI0KMpoBaHHEM. [locre aToro nporpamma mo-
MpocTy “3aBHcaeT’.
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Korna e cregyer pbIaniBaTh MeTod signalhll () ? OcHoBHOE TIPABILIO IIACUT, YTO 3a-
IIYCKATh 3TOT METG HYKHO BCCLIA, KOTAA COCTOSHHE OOBEKTa U3MEHAETCA B [OMb3Y OKU-
JAOIHX HoToxoB. HanpuMep, HpH KaKA0OM H3MEHEHHH CYETa BCE OXWAAINHE IMOTOKH
JOJEKHBL MOJYHHTE BO3MOKHOCTE BHOBb IPOBEPHTE €I'0 COCTOAHNE. B HATEM [IPUMEPE BhI-
30p signal2ll (} npoRCXoAUT 1O OKOHYAHHH IEPEBOJa CPEICTE.

public void transfer(int from, int to, int amount)

bankLock. lock () ;
try
{

while {accounts[from! < amcunt)
sufficientFunds.await {} ;
// llepeBon cpencTs

sufficientfunds.signaldll();

finally

{

bankLock.unlock () ;

Yurure, uro Merog signalAll (} He IPUBOAMT K HEMEUICHHOW AKTHBUIAIIIN OXH/IAMONIE-
T0o- notoka. OH HpocTO PasGAOKHPYET KHAAICIE NOTOKH, YTOGH OHU MOIVIM 3aBCPIIMTH
06pabOTKY OUpEKTa IOCIE TOTO, KAk TEKYINMIT IOTOK 3ABCPIIA BLITOIHCHHIE METOIA.

Emie oapy MeToft, signal (), paabaoxupyeT TOXBKO OAMH H3 MOTOKOR, MPHHANTEKAIMY
MHOKCCTBY OKHAAHMS, MOTCK BHISHpacTesa CIyYaiHbM obpazoM. 3to Gonee 3 GeKTHBHO
IO CPaBHEHMIO € PA3OMOKUPOBKOH Beex MOTOKOB, HO onacHo, Ecnu cayyaluo BeIGpaHHLId
HMOTOK BBIICHUT, YTO OH HE MOXKET MPOAO/IKaTh paboTy, OH CHOBA CTaHeT OTOKHPOBAHHBIM.
Ecnm merox signal () Goabme He 6yAeT BpI3BAH, Bee TTOTOKY OKAKYTCA B COCTOSHHH Baa-
MMEOH GIOKHPOBKH.

NOBWUA TONIbKO B TOM Chy4Yae, echu oH ob6naaaet 06bekTom GNoKMpoBKK, C KOTOPLIM CBA2AH
COOTBETCTRYIOLWMIA OGBEKT YCNOBUA.

@ ToTOK MOXET BLI3BATE METOLD await (), signalAll () wan signal () ANA HEKOTOPOIO YC-

Ecnu BbI 3a1lyCTUTE IPOrpamMMy, KOJ KOTOPOU IPEACTABICH B JIMCTHHTE 1.4, TO YBHAKTE, YTO
HEKOPPEKTHBIE PeIyAsTaThl He nogaismiores, OOt fataHe ocraetca papabiM 100 000 nomna-
pob. Hi Ha 0fHOM CYeTe HE IOABIACTCA OTPHUATEIbHAT CyMMa. (118 BRIX042 W3 IPOTrpaMMBl
Ne-ppeKHeMy BYKHO HaKaTh komOunanmo knasnm <Ctri+C>) Bl taxke samernTe, 4TO
IPOrPaMMa CTATA BLIIOIHATBCH HECKOIbKO MEJIEHHEE — BHHOH TOMY HAK/IATHBIE DACKXOIbI,
CBA3AHHDIE ¢ GIOKUPOBROIL

Juctnar 1.4. Copep:xamoe gaitna SynchBankTest. java

import java.util.concurrent.lecks.*;

/**
JTa nporpaMMa OeMOHCTPMPYEST O830MaCHBI OOCTYI HECKOIBKMX
[NOTOKOB K CTPYKIYPE IaHHHX.

*/
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public clasgs SynchBankTest

{

public static void main(String(] args)

Bank b = new Bank (NACCOUNTS, INITIAL_BALANCE);
int i;
for {i = 0; 1 <« NACCOUNTS; i++}

TransferRunnable r = new
TransferRunnable{b, i, INITIAL BALANCE) ;

Thread t = new Thread(r);

t.atart (};

}
}

public static final int NACCOUNTS = 100;
public static final double INITIAL BALANCE = 1000;

}
/*-A-

Bauk co cueTamm.
*/
¢lass Bank
/**
KoHcTpyRTop COBReKTa, TNPefCTaBlatueT™s CaHx.
@param n YMcIo CUeToB
@param initialBalance Hayanmsrad CyMMa
Ha KakIOM CUeTy
*/
public Bank{int n, double initialBalance)

accounts = new doubleln];

for (int i = 0; 1 < accounts.length; i++)
accountg{i] = initialBalance;

banklock = new ReentrantLock();

sufficientFunds = bankbLock.newCondition();

}
/**

lepepon ASHET C ONHODC CuSTd Ha NpYyTol.
@param from Cuer, ¢ KOTOPCIO HEPEBONATCA CPeIcTna
@param to CueT, Ha KOTOPHM NepPeBOOATCA CpelcTBa
@param amount CymMa, Hofgfaaxamad [NepeBony

* / .

public void transfer {(int from, int to, double amount)
throws InterruptedException

{

bankLock. lock () ;

try

i
while (accounts[from] < amount)

sufficientFunds.await () ;

System.out .print (Thread. currentThread(}) ;
accounts [from] -= amount;
System.cut.printf{* %20.2f from %d to %4+,

59
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amount, from, to);

accounts [to] += amount;
System.out.printf (" Total Balance: %10.2f%n",

getTotalBalance(}) ;
gsufficientFunds.gignalall (};

finally

bankLock.unlock(} ;

}
}

/**
Onpenenenre CcyMMe! CPelCTE Ha BCeX CHeTax. -
@return CyMdapHEE CpPelCcTBa

*/

public double getTotalBalance()

{

bankLock. lock () ;
try

double sum = 0;

for {deouble a : accounts)
sum += a;

return sum;

}

finally

bankLock.unlock{) ;

1
/**

OnpeneneHMe uMCNa CHETOB B Dadxe.
. @return Yucio cHUeTOB
*/
public int size()

return accounts.length;

}

private final double (] accounts;
private Leock bankLock;
private Condition sufficientFunds;

}

/**
Kiiacc Runnable, koTOopeli [HEepeBOOMT CpPelcTBa ¢ OIOHOTO cdeTa
Ha ApYTOW.

*/

class TransferRunnable implements Runnable

{
/**

CosnaeT ofeexr TransferRunnabie.
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@param b Banx, B [Openeslax KOTOPODC [IepeBCOATCA CpeicTBa
@param from CueT, C KOTOPOIO MNEPEBOINATCH CpelcTBa
@param max MaKCHMMAJNLHEM ODSLeM ONHOM Oonepallium

*/

public TransferRunnable (Bank b, int from, double max)
bank = b;

fromAccount = from;
maxaAmount = max;

}

public void run(}

{

try
while (true)

int toAccount = (int) (bank.size() * Math.random{));
double amount = max2mount * Math.random();
bank.transfer (fromAccount, toAccount, amount);
Thread.sleep{{int} {(DELAY * Math.random()});

}

catch (InterruptedException e) {}

private Bank bank;
private int fromAccount;
private doubkle maxAmount;
private int repetitions;
private int DELAY = 10;:

¢ Condition newConditicn{)
BoaspamaeT 06bekT Condition, ceasanabii ¢ ZaHHBIM 06BEKTOM Lock.

ﬁ' "java.util;con'curz_'ent.locks.Condition 5.0
*

void await ()
BrmouaeT NOTOK B MHOMKECTBO OXHARHNS, COOTBETCTBYIOINEE JAHHOMY YCAOBHIO,

s void signalAli ()
Pas6nokupyeT BCE TOTOKH B MHOMKECTBE OMMIAAHMS, COOTBETCTBYIOMEM AdHHOMY
YCAOBHIO, :

s void signal {)

Pasbnokrpyer MOTOK, BLIOPAHHEIT coTyuaiiieIM 06paszoM M3 MHOXECTBA OXKHIAHMI,
COOTBETCTRYIOIIETO IAHHOMY YCIOBHIO.
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Kmouesoe ciwoeo synchronized

B npeapgymenm pasiene ObLLI0 TIOKA3aHO, KAK HCoIb3osaTh 00bexThl Lock 1 Condition.
llpexae ueM nepeliTi K PACCMOTPEHUIO CNEAYITErO BONpoca, chopMyaupyer OCHORHEBIE
OpPHHIHITE I0KHPOBKH K IIPOBEPKH YCIOBHI.

¢ Buogupobka samuinaeT ¢pparMeHT Koja, o6ecedrBas B KQKAbIH MOMEHT BPEMEHH
BBITTOJHEHHE 3TOTO q)parMeHTa TOJIBKO B paMKax OJHOrGC IIOTOKZ.

¢ (OOBEeKT ONOKHPOBKM VITPABISCT MOTOKAMM, KOTOPBIE IIBITAIOTCH HAYMAThH BBITIOJHE-
HME 3AMHLUIEHHOTC (PparMenTa Koa.

*  C 06beKTOM GIOKIMPOBKH MOKET OBITDH CBA3AH OJHH WIH HECKOJIBKO OOBEKTOR YCIOBHIMA.

e Kaxzapli 0OBCKT YCIOBMA YIPABIAET IOTOKAMH, KOTOPBIC HAYAMH BBITOJIHEHHE
samMIIeHHOro hparMenTa Koja, Ho He HMEIOT BO3MOXKHOCTH IIPOXOIKATE paboTy.

Jo toro kak B JDK 5.0 Onuau seepeunr natepdeiicsr Lock 1 Condition, B Javauporpam-
Max MCOQIB30BAIMCH PA3NMYHBIE MEXAHM3Mbl NOAIEPKEN ONHOBPEMEHHOTO JOCTYIIA. YKe B
Bepeku 1.0 xamdomy ofsexmy COOTRETCTROBAN HEUBHATH 00beKT GMokuporky. Ecant npn obb
ABACHWUM METOAA HCIIOIB30BATOCE KIIOUEeBoe CI0BO synichronized, obbekT GJIORI/IPOBKH 3a-
IMIAT BeCh MeToA. JUid BEI3OBA METOAA NOTOK JO/LKEH SbUI IIOAYIN T OJIOKMPOBKY.

A pyriMH c1oBaMi, ABa IIPHBEICHHBIX HIZKE BAPHAHTA MeTofa method () 3KBUBaJIEHTHEL.

public gynchronized void methed({)

TeaA0 MeToLda

public void method ()

{

implicitLock.lock () ;
try

Tegio Meroga

}

finally { implicitLock.unlock(); }

Hanpusmep, BMECTO TOro 4TO6HI ABHO HCIIONL3IOBATH OGLEKT GIOKHPOBKH, MbI MOTIIH YKa-
3aTp B onpegefleHUn MeToAa transfer () kracca Bank Knouepoe C1ose synchronized.

C HesBHBIM 06beKTOM GNOKHPOBKHM CBA3AHO €IMHCTBEHHOE YcrosHe. Merox wait ()
JODABASET NOTOK K MHOKECTBY OXHIaHuE, a MeToapl notifyAall () u notify () pasbro-
KUPYIOT OHAAIOMHE IOTOKY, JIPYTHME ¢I0BAMM, BEI30B MeTOAO0B wait () mnotifyall ()
IKBMBATCHTEH CACAVIOMMM BRI3OBAM: '

implicitCondition.await{};
implicitCondition.signalAll();

MeTtonsl wait (} W signal () npuHagnexar knaccy Cbhject. Metoan knacca Condition
UMET UMeHa await () WM signalAll (), NO3TOMY OHW HE KOHQIWKTYIOT ¢ METOoAaMI1
wait () vnotifyAll () Knacca Cbject.
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Harpumep, wiace Bank MoxeT GBITE ONpEseIeH, KAk TOKA3AHO HITKE,

class Bank

{

public synchronized void transfer{int from, int to, int amount)
throws InterruptedException

while {(accounts|[from] < amount)
wait(); // Oximadue nns emUHCTBEHHOTO YCJIOBMH,
: // cBAsanuoro ¢ ODBEKTOM 6HOKMPOBKM
accounts [from] -= amount;
accounts [te] += amount;
notifyvall{); // Onopemenne BCex METOUOB, OXMISOUMXK
// BHOONHEeHMA YCIIOBMA.

public synchronized double getTotalBalance() [ . . .}
private double accounts(];

Kax BuauTe, MCNOAB30BAHKE KIIOUEBOr0 ¢I0Ba synichronized nossoiser noayanTs Goiee
KpaTkHii koA, KoHedHo, yToGh! MOHATE €70, HANO 3HATH, YTO KAKABLIH OGBEKT UMCET HEABHBIN
06beKT GJIOKHPOBEY M YTO € HHMM CBA3aHO HesBHOe yCaoene, O0bekT DIOKHPOBKH YIIPABAAECT
HOTOKAMH, KOTOPBIE MBITAIOTCA BRI3BATH METOJA, OOBARIEHHBIM Kak synchronized. Yerosue
TAKCKE YIIPABLACT IOTOKAMH, BhI3BBABIIEMHI METOA walt ().

Oanako HEABHBIH 0OBEKT GIOKMPOBKH 1 CBASAHHOE ¢ HHM YCACBUEC MMEIOT OIpPEAETICH:-
Hore orpaHrYeHus. HekoTopbie 13 HilX TepedHCaeHbl HIKE.

e Hepo3mMoxHO MPePBATE IOTOK, MBITAIOIUHCA TOIYIUThL OJIOKHDOBKY,
¢ HepoaMoxHO 3a0aTh TafiM-ayT JJIs Onepaliy IONyYeHHS] OA0KHMPOBKH.
* B HEKOTOPBIX CIYYASX ¢AMHCTBCHHOE YCIOBKE Ha OOKHPOBKY HepdekTHBHO.

s IIpMMMTHBB BUPTYaIbHOH MAIIHHBI, OTBEYAIOIHE 33 GICKMPOBKY, HE BCETAa OTO-
OpaxaroTcs B HauboMee 3(B(eKTHBHBIC MCXAHH3MBI, JOCTYRHLIE Ha KOHKPETHOM

annapaType .

Y10 XKe HCNIONB30BaTEL HPH HAMMCAHHH OPOrPpaMMel — o6bexTsl Lock 1 Condition niam
MeTO,[[ synchronizedr [IpusexeM psax pexoMeHanmii.

1. Hu Lock/Conditicn, uum synchronized He 06ecneuHBaloT HICANHHOE PEHICHHE
Ha BCe CIygad. Bo MHOMMX CHTYAUMAX KEIATENMbHO HCIIOIB30BATE CPEACTBA, IPEJOC-
TasAsieMble TAKeToM java.util.concurrent. /laiee B raase paccMaTpUBAETCH,
KK HCNOIB30BATE CUepeb GIOKHPOBKH AUl CHHXPOHM3AIMH IOTOKOB, PEMAOTIEX
oaHy ofmmyo 3anayuy.

2. Ecau xmoueBoe C0Bo synchronized MoaxoAuT B Baleid cHTyAllHK, KOHEYHO e
ucnoabayiire ero, Iloxyuenssiii kog GyJeT 60/1ee KOMNAKTHLIM, a4 CIeLOBATEILHO,
YMEHBIINTCH BEPOATHOCTL omubxu, B micTuare 1.5 npueesen npuMep yKe 3HAKO-
MO HaM NMpPOTPaMMbI, NPH PELTH3ANMK KOTOPOH KCIOJAB30BAH METOH, OObABICH-
HbIH Kak synchronized.

3. Ecam Bam HYXHBI JONOIHHTEIBHEIE BOAMOXHOCTH, NpeaocTaniasemble Lock /Con-
dition, npuMeHsiiTe faHHbIE CPEICTBA.



B4 Tnasa 1. MHOTONOTOMHOCT

Ha AaHHbI MOMEHT MCNORB30BAHWE KNIDYMEBOro cnoBd synchronized AMEET 0OHO A0N0N-
HUTEfIbHOE NpeumMyLiecTeo. CPefcTBa MOHWTOPUHIE BUPTYANBHOW MALLMHbI COOBLIAT O
HEBHBLIX 0BLEeKTax 6OKMPOBKM U CBA3EHHBLIX C HUMK YCIOBUSX. 3TO NOMOXET NPY OTNaOKE
nporpamm, NONagaILUYAX B COCTOSHE B3aWMHON BNOKWMPOBKA. Jna Tore 4Tobbl peanusosats
NOALEPXKKY OAHHBLIMA MHTTRYMEHT2MM MEXaHW3MOB java.util . concurrent, noTpedyeTca
onpeaeneHHoe BRems.

JIncrunr 1.5. Coxepxumoe ¢paiina SynchBankTest2. java

/**
JaHHaA NpoTpamMMa IeMCHCTPMPYEeT Ces3CHAcHEN JOCTYN HeCKOABKMX
NOTOKCE K CTPYKTYpe OasHHEX. [Ina obecnedenua OoCcTyia
HEKOTOPHE MeTOnH OGBABNAKTCA kax synchronized.

*/

public class SynchBankTest2

{

public static void main{Stringl] args)

Bank b = new Bank (NACCOUNTS, INITIAL BALANCE) ;
int i;
for (1 = 0; i < NACCOUNTS; 1++)
{
TransferRunnable r = new
TransferRunnable (b, 1, INITIAL BALANCE) ;
Thread t = new Thread(r)};
t.start{);
}
} 1‘
public static final int NACCOUNTS = 100;
public static final double INITIAL BALANCE = 1000;

}

/** h
Bauk co cueTaMu, )
*/
class Bank
/**
KoHCTpykTOop ©OOBeKTa, NPEefCTABIAKIEro OaHkK,
@param n Yucyo cueToB
@param initialBalance HauanbHasa CyMMa
Ha KaxoM cdere
*/

public Banki{int n, double initialBalance)

{

accounts = new doublel[n];
for {int i = 0; i « accounts.length; ix+}
accounts[i]l = initialBalance;

}
/**

lleperon fAeHET ¢ OXHODTO CHU&Ta Ha IpyTol.
@param from Cuer, ¢ KOTOPOTO NEPE@BOOATCH CpelcTBa
@param to CyeT, Ha KOTOPED [I€PEBOOATCS CPencTBa

?




N

}

CuHXpoHU3auus

@param amount Cykma, NOLNISXAWAS [IEPEBONY

*/

public synchreonized void transfer({int from, int to,
double amount)
throws InterruptedException

while {accounts{from] < amount)

wait (};
System.out .print {Thread.currentThread ()} ;
accounts [from] -= amount;

System.out.printf (" %10.2f from %¥d to %d4d",
amcunt, from, £o);

acccountsg [to] += amount;

System.out.printf (" Total Balance: %10.2f%n",
getTctalBalance()) ;

notlfyall{);

}
/**

OnpenenerMe CYMMapHLHX CPEeOCTE HA BCEX CUSTax.
@return CyMMapHHS CpeIcTBa

*/

public synchronized double getTctalBalance ()

{

double sum = 0;

for {(double a : accounts)
gum += a;

return sum;

}
/**

OnpenenenMe 4Mcia cUeToB B GaHkKe.
@return HUncno cyYeTos

*/

public int size()

{

return accounts.length;

private final double[] accounts;

/**

*/

Knacce Runnable, xOTOpLIi NepeBOOMT CPeACTBa C OOHOTO CHeTa
Ha OpyITou.

class TransferRunnable implements Runnable

/**
CozsnaeT oBrexT TransferRunnable.
@param b BaHk, B Opelejax KOTOPOI'C NEpPeBOHATCA CpelcTsBa
@param from CueT, ¢ KOTOPOTC NEPEBOIOATCH CPelCcTBa
@param max MakcumanbHuEE OO0BEM COHCHM ONepaLyM

*/

85
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public TransferRumnable (Bank b, int from, double max)

{

}

bank = b;
fromAccount = from;
maximount = max;

public void run{)

try

while (true)

{
int toAccount = {int) (bank.size() * Math.random{));
double amount = maXAmount * Math.randowm() ;
bank.transfer (fromAccount, tohccount, amcunt);
Thread.sleep({int) (DELAY * Math.random(}});

}

catch (InterruptedException e} {}

private Bank bank;
private int fromAccount;
private double maxAmount;
private int repetitions;
private int DELAY = 10;

java.lang.Obj ectm:l&mg
void notifyAll ()
PasGroxmpyeT IOTOKH, BRI3BABLIME METOA walt {; m1s AaHHOro 00BeKTa. ITOT Me-
TOA MOKHO BBISBIBATEH TOABKO U3 CHHXPORUIWDOBAHHOTO METOAA MM Oa0Ka. MeTox
reHepupyeT neKmouerne IllegalMonitorStateException, ecan 6A0KMpoBKa
He IPHHAAACKUT TEKYIIEMY HOTOKY,

void neotify ()

PastnoxupyeT NpOU3BOJISHO BRIOpAHHBIN IIOTOK CPeAH TeX, KOTOPRIE BHI3BANTN Me-
ToA wait () ana gaHmore obbexta. Ero MOMKHO BBISBIBATE TOJBKC M3 CHHXPOHH3H-
POBaHHOTO MeToJa UAH 610Ka. MeTod renepupyeT nckilodeHne I1legalMonitor-
StateException, €cad 6IOKHPOBKA HE IPHHANIEKHT TEKYINEMY IFOTOKY.

void wait ()

ITepeBofUT NOTOK B PEXHMM OKMAAHKIS, B 9TOM PEXKUME [TOTOK BYIET HAXOAUTLCH 10
NoJTy4eHUA yReAomueuns, JaHHBIH METO/] MOKHO BBRI3BIBATH TOABKO M3 CHHXPOHH-
aupoBaHHOre MeTodd. OH reHepupyeT HckmiodeHue IllegalMenitorState-
Exception, ecay GIOKHMPOBKA HE NPUHALIEKHUT TEKYIIEMY TOTOKY.

void wailt (long millis)

void wait{long millis, int nanosg}

IlepepoasT NOTOK B PEXRMM OKF/IAHHA; B 3TOM PEXUME OTOK GY/IET HAXOLUTHCH KO
HNOJAYYEHHA YBEAOMIEHUA JHGO 10 HCTEYEHHA YKA3AHHOIC HHTEPBAIA BPEMEHH,
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JaHHBI METON MOXKHO BBI3BIBATE TOJNBKC M3 CHHXPOHM3HPOBAHHOIO METOJAA.
OH renepupyer uckmotuenne IllegalMonitorStateException, ecan Gnoxm-
POBKa HE NPHUHALICKNT TEKYILEMY IIOTOKY.

fTapamemper millis THCO MHTTHCCKYHA
nanos Yucno narocexyns, < 1000000

BACKUPOBKA W YCNOBWS — MOLLHBIE MHCTRYMEHTLI GUHXPOHW3ALMW NOTOKGE, HO B HAX HEAOCTATOMHO
pPazenThl OBBEKTHO-OPUEHTMPOBAHNbIE BO3MOXHOCTW. B TedeHne MHOMAX net pa3paGoTiiKK ucKa-
v cRocobel 06830NacKTs MHOMONOTOYHBIE NPOrpamMMel, He 3ACTABAAS NPOrPaMMICTa QyMark o6
UCNONL30BaHWMKA COBEKTOoB BNOKMPOBKA. OOHMM M3 YOAYHLIX PELLEHWMA ABAAETCH MEXaHWM3M MOHU-
Topes, KoTopsid B 1970 rogy npeanoxunn lMNep Bpuhy XanceH (Per Brinch Hansen) w Toun Xoap
(Tony Hoare). MpyuMeHUTENbHO K NPOrpaMmMam Ha A3bIKE Java CBOMCTBA MOHUTOPA MOXHO ONvcaTh
cnegylowm oBpasom.

s MOHWUTOpP — 3TO KNAGE, COMARPKALLUMA TONLKO 3aKPbIThIS MO,
e C KaxAbiM 00BEKTOM 3TOTO KIIACCa CBA3aH 06HLeKT GrOKMpOBKH.

« Bce MeToObl 3aUMILEHB 0OLEKTOM GNOKMPORKA. JpYrMMKU CROBaMK, ECAN KIMEHT Bbi3biBaeT
cbi.method (), GH aBTOMATWNECKK NONYHaET 0GBEKT BAOKMPGEKA [ins ob] NP BI30BE METoOA
W OCBOBOXKAAET €rQ npi 3aBeplueHy PaboTtsl MeToAa. MOCKOMLKY BCE NOMS 3aKPLThI, HWU GAMH
MOTOK HE MOXET N3MEHWUTL MX COAERKAMOE, MOKa APYrOi NOTOK BbINOMHAST ASWCTBIA C HUMA,

+ C oBbekTom GNnoKUMPOBKY MOXET BbITh CBR3aHO JIIOGOE YCN0 YCIOBWA,

B paHHNX BEPRCHSIX C MOHUTOPOM MO0 BkiTh CBA3ZHO TCMLKO OLHC YCROBWE; NPy aTom ofecneyn-
BANCA yOOOHbIA cuHTakcuc. Bol MoxeTe, Hanpumep, BbLI3BaTh await accounts{from] »=
balance, He MCNONL3YA ABHLIM OOPA30M NEPEMEHHYIO YCRoBUS. OAHAKO CCNER08aHMA NOKa3anu,
410 NOAOGHOE VCTIONBIOEAHUE YCNOBMA HE 0BeCcneuMBaeT JOCTATONHOR addeKkTuBHoCTU. Hannas
rpobemMa pewaeTcs Myrem NPUMEHEHINA SBHLIX MepeMeHHbIX YCROBIIA, KAXAAR 13 KOTOPLIX Yipas-
nana Bk OTAENBHBIM HAG0POM MOTOKOB.

Pa3pafoTunky Java AOBONLHO GEOGOAHO MHTEPNPETUPOBAM MPWUHLIN MOHWTOPOB. Kaxkakii ofbekT
B A3bIKE Java MMEET HEABHLIN 06beKT BNOKMPOBKUX 1 HESIBHOe yenoewe. Ecnv npu o6baenesnn MeTo-
[iAa UCTMIGMB30BAHG KIMOYERce CNoso syrichronized, OH OSACTBYET KaK METGA MOHUTORE. LloCTyn K
NepeMeHHOR yCNoBKA OCYLLIECTBNRSTCH NYTEeM Bhi3oBa wait () /notify () /motifyAll ().

OoHako 0BLeKT bl Java OTIMHAITCH OT MOHUTOPOR, HTO MPUBCAMT K HARYLUEHUMIO 3awwmTsl. 3T paa-
JIHUA NPUEELEHB! HAXE.

¢ OToyTeTBYeT TpebosaHue, YTOOE BCe NONA Bbinn 3aKDEITBIMU.
o MeTOOkl He 00A3aTeNbHO 0OLABNATCA Kak synchroni zed.

3TO HECOOTBETCTBUE NPMHUMITY MOHUTOPOB M CBASAHHOE C HUM HapyLLEHWE 3alLMTbl OTMETUN XaH-
ceH. OH Hanucan (Npriem B JOBOMNBHO XECTKOM CTiNe) 05830D NPUMUTUBOB Java, CBA3AHHBIX C Nog-
OEPXKOA MHOrONOTOYHOTC BEINCAHEHWS, B KOTOPOM, B HACTHOCTM, YKa3an: “IopasuTensHo, 4To na-
ParnnenMsm Java G HEJOCTATKAMM B 3aure Gbin npuHAT COoBLLIECTBOM NPOrpaMMIUCTOB Hepes yeT-
BEpPTb BEKA NOCe 13ohpaTeHns MOHMTOPOR KM Concurrent Pascal. 370 HMKaK He MOXET CHMTaTLCA
3acnyroli paspaboTymkoB s3bika”. {Java's Insecure Parallelism // ACM SIGPLAN Notices. -—
April 1999, — 34;38-45)
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Cunxponusupoeannvie 60xu
Java-o6BeKT OTAMYAETCA OT MOHUTOPA PIAOM OCcOOeHHOCTEH,
¢ Tllosa He 0DA3ATENLHO JO/DKHBL OBITE 3aKPHITHIMH.
* Meronan He 06H3&TBJLH6 AOIKHBI O0BABIATHCSH KaK synchronized.

o C 0OBeKTOM 6JIOK[/IPOBK.I/] CBAIAHO TOJILEKO OJH0O YCIIOBHCE.

Ecnn Bam npuxogurca paboTaTh ¢ KOJOM, CO3AAHHEIM paHee, CIeIyCT UMEeTh XOTs Dbl
obuiee OPEeACTABACHHE O BCTPOCHHBIX IIPHMHTHBAX, IIPEeIHASHAYCHHBIX JIA CHHXPOHMW3A-
iy, Kak BbI yike 3HAETE, KAKBIH OGBEKT MMeeT o0heKT Gaoknposku. ToTok MoxeT noay-
YHTH GAOKHPOBKY OZHUM H3 JABYX CIIOCOGOB:! BRI3BIBAY CHHXPOHH3UPOBAHHBIA METOA WMIN
BHITIOJMHNSA cunxporusuposantvid 61ox. Ecm norox BrmaniBaer ob] . method {), on noayyaer
GAOKHPOBKY B Ob]. AHANIOIMYHO: C/IH MIOTOK HAUMHAECT BBINMOJHATL 6J0K, ohopMiIcH-
HpIH KAK IOKA3AH0 HMKE, OH TAKKE [IOAyIaeT 6JIDKnpi;)BKy Uisi ob.

synchronized (cbj) // CHMHXpOHMSMPOBAHHBET ONROK

KppruyHpn? fparseHT xona

Ecan notox yxe uMeeT 6I0KMPORKY, OH MOXKET CHOBA [OAYIUTD €€, YBEIUNYHB CHETUHK.
B 9acTHOCTH, CHHXPOHU3MPOBAHHBIH METOA MOXKET BBISBIBAThL JPYIU¢ CHHXPOHH3HPOBAH-
HbI€ METOIBI; IPH 3TOM OH HE GYIEeT 0KHAATD NOAYYeHHS GIOKHPOBKM.

Henoapsys ko, CO3AAHEBIN APYruMH paspaboTunKaMi, Bbl ZOJBKHBL CI€AOBATD HCIIOIE
30BAHHOMY MMM DOAXOAY K GJ0KHMpPOBKe. Hanpumep, B nporpaMme MoxeT BCTPETUTLCA KOA,
TNoA0GHDBII NPUBEACHHOMY HMKE.

class Bank '
{

public void transfer{int from, int to, int amount)

synchronized (lock) // Biokupopka

{

accounts [from] -= amcunt;
accounts[to] += amount;
System.out.println(. . .);

} . . ]

private double accountsl];
private Cbject lock = new Object{);

3neck 0bBeKT 1OCK COBAAETCA TOXBKO A TOTO, YTOGBI HCNOAB3OBATH GIOKHPOBKY,
KOTOPOI BiaaAeeT Kai/blil Java-ofbekT.

Cratnyeckue METOABI TAKKe MOXHO OOBABIATL Kak synchronized. IIpu Braose Ta-
KOTO METOJA HCIOIBLIYETCA GAOKHPOBKA COOTBETCTBYIOMET0 08bekTa kaacca. Hanpumep,
ecaH Gbi K1acce Bank UMe  CTATHYECKHH CHHXPOHH3MPOBAHHEIH METON, TO IIPH €TO BBI30BE
MCIOAB30BAICH GBI CHBEKT GIOKHPOBKH, COOTBETCTBYIOMMI 00bekTy Bank . class.
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Henoavzosanue xnoueaozo cavsa volatile

B HEKOTOPLIX CAYYAAX HCIIOAB3OBAHHC CHHXPOHHUIANMHN A HTCHMSA WK 34IIHUCH OAHO-
ro-AByx nonett JKIEMILIAPA MOMXET ITOKA3aAThCA CIHMINKOM DACTOYHMTCAbHBIM. I[BI?ICTBI/ITCJ’IB-
HQ, UYTO IIOXOTO MOKET IIPH ATOM HpOH30ﬁTH? K COXANCHHK}, COBPEMCHHBIC IpOnEecCoOPbL
n ]{OMHI/UIH.TOPI::I AeﬁCTByIOT TAK, YTO OMHUOKA CTAHOBUTCH BHOJHE BO3MOXKHOIN.

s  KOMOBIOTEPE! ¢ HECKOALKMMU NPOLECCOPAME MOTYT BPEMEHHO XPAHNTL IHATCHUA,
HMIBAEUCHHBIE U3 TAMATH, B PETUCTPaxX MIR B K3II€. B pe3yapTaTe MOTOKH, BBIIGI-
HAKIHECS Ha PasiuYHBIX IPOLECCOPax, MOTYT CHUTHIBATE M3 OJHOH 0DJacTH maMH-
TH pa3Hble 3adeHnA!

e  KoMmWIaTopbl MOTYT H3MEHATE [OPAAOK CIEACBAHUA HHCTPYKIH TS TTOBBIMIEHNA
adpexTHBHOCTH PaGoThl TPOTPaMMLI. ECTECTBEHHO, CMBICT KOZA TPH 3TOM HC H3-
MEHAETCH, OQHAKO OPU LIEPECTAHOBKE MHCTPYKITHH KOMITHIATOD HPEAIIONATAET, UTO
[epPEMEHHAA MOKET U3MEHMTBCA TOMBKO B PEIYIBTATE BHITOMHEHUH COOTBETCTBYIO
weit koManAst, OIHAKO 3HAYEHNUE IEPEMEHHOMN MOKET HAMEHUTE APYTOH MOTOK!

Ecan o1 HCIIOAb3YETE 6ﬂ0KHpOBKy A 3aMMTRI KoJa, KOTOprﬁ MOMKET BBIIIOJHATLCHA B
PaMKax PasAH{HBIX IOTOKOB, OITMCAHHEIE BBIMIEC TPOOACMBI HE BOIHUKAIOT. KoMmmasTops
LPeAyCMATPUBAIOT COPOC NORANBHOTO K3IIA M HE TMEPECTABATIOT HHCTpyKwu, oapobno
ATOT BOLIPOC paccMarpusaeTcs B Jokymerre Java Memory Model and Thread Specification
(http://www.jep.org/en/jer/detail?id=133). Jannas cnenudmkanus Hanmucana
ZOCTATOYHO CJIOMKHO, HO OHA COACPHKUT IIPUMEPHI, IIOACHIIONIHE MANAraeMblid MATEPUAL.
Heckonbko npome aia Bocnpustya o63op bpaitana [ofitca (Brian Goetz), xoTopsiil Mox-
1O TTOAYMHTE, OOPATHBILICE 10 aApecy: http://www-106.1ibm.com/developerworks/
java/library/j-jtp02244 . html.

bpanaH [olite chopmynnpoBan cnegylowee “npaBuno CUHXPOHW3aunK™: “Ecam Bol 3ann-
CbIBAETE OAHHBIE B NEPEMEHHYID, KOTOpaa ACMXHA 4MTATECH APYruM roToKom, nnbo
yyTaeTE NepemMeHHyo, UHGOPMALKMIO B KOTORYID NeMELLaeT GPYIoi NOTOK, Bbl AONXKHbLI UG-
MoNb30RATH CUHXPOHW3ALMIO".

Kiouepoe croBo volatile o6eCIEUNBAET CHMHXPOHHINPOBAHHBIR ZOCTYH K IMOAAM K-
3eMIUIApa 0e3 ucrob3oBanua GAOKMPoBKH. Eciu Bb o6bsBHUTE MOAe kax volatile, To
KOMIIWIATOP M BHPTYANLHAA MANIMHA IPMHHMAIOT BO BHAMAaHHUE TOT (hakT, UTO JAHHOE 110~
JIE MOKET OJHOBPEMEHHO OOHOBIATHCA PA3INYHBIMH FOTOKAMMY.

Hpe,nnmxommm, HATIpAMEP, 9TO OO BEKT COACPHMT NEPEMEHHYIO done THEa boolean,
HCIOB3YEMYIO B KauecTie iara. ITOT duIar yeTaHaBIUBAETCA OJHHUM NOTOKOM U [IPOBEP-
eTcd APYTHM IIOTOKOM. BB MOKeTE MOCTYITHTD ORHMM H3 ABYX CIOCOBO0R,

1. Hcnosesosars GIO0KHIPOBKY.
public synchronized boclean isDone{} { return done; }
private boclean done;
(JamHeplit mogxXo) MMeeT CYMECTBEHHEIH HETOCTATOK! €CMTH OXUH I[IOTOK ILOJYHHI
GAOKHPOBKY, TO [IpH OGpalleHHH JPYTroro MoToKa K MeTody isDone () €ro BBIIOJ-
HEHMeE IPUCCTAHOBHTCH. ) '

2. Ob6pasuTe noje kax volatile.

public boolean isDone () { return.done; 3
private volatile boolean done;
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CrefyeT 3aMeTUTh, YTO OGpalleHUEe K NepeMeHHOH volatile BBITONHACTCA MEANEH-
Hee, dyeM oGpamieHne K oObIYHOI NepeMeHHON — Takylo IEeHY TPUXOAUTCS ILIATHTL 32
6E30IaCHOCTb PABOTHI € IOTOKAMH,

Pa3paboT4nki A3blKa CTAPANUGCh NPedoCTaBuTh CTBLWANNGTAM, 3aHUMAIGUIUMCH Peanu-
3aumeRn, oTHOCUTENEHYIO CBOGOAY ASMCTBUA NO YBENWMYEHMID NPOU3BOAUTENLHOCTH KOAA.
OgHako cneuudUukaLMa a3bika 6ei1a HACTOABKO CNOXHOM, 4TO NP Peann3auiy HEeKOTOpkLIe
BOMNPOCH HE YYNTBIRANUCH, PeaynsaTaTOM MHOMAA CTAHOBWIOCH HEXENATENEHOE NoBeJeHue
NPOrpPamMM, HaNPUMep HEM3MeHHbIe 0ObEKTEI Ha NOBEPKY HE OKAZLIBAMCH TAKOBLIMU.

D Jo nossnenna JDK 5.0 nepemenHble volatile WHTERNPETUPOBANMCE MEHEEe CTPOro.

HT&K‘ o,uﬂonpemeﬁnmﬁ AOCTYI K 1TGAK Ge3omaces B TOM Cay4dae, €CAH BRINOANACTCR
OﬂH()HSIICPEHHCHCHHBD(}HﬂKCYCHOBHﬁ.

e Jloxe o6baBaeno Kaxk volatile,

+ Tloje o6baBrero kak final, ¥ ZOCTYN K HEMY OCYIIECTBANETCH MOCIE OKOHYAHNS
PaboThI KOHCTPYKTOPA.

¢ JlocTyn X OMO OTpadHYeH CPeACTBAMHI DIOKHPOBKH,

Bszaumuasn 610KnpoBKa
O6BbeKTH! GIOKMPOBKY H YCIOBHSA HE PEMIAIOT BeeX MpodieM, BOSHHKAIONHX B MHOTOIIO-
TOYHOH Ccpefe. PaccMoTpuM cIe VIOnyo CHTYALHIO.

Cnert 1: 1200 nonnapos
Cuer 2: 1300 gonnapos
[Toroxk 1: meperon 300 noanapos co cuera 1 Ha cuer 2
Morox 2: nepenop 400 nonnapor co cueta 2 va cuer 1

Kak mokaszano Ha puc. 1.6, notoku 1 u 2 dnogupyror apyr apyra. Hu oaue 13 HuX He MO-
3KeT TTPOAO/LKNTE CROIO PAbOTY, TaK KaK GaaHC 0BOMX CUETOB OKA3ZLIBAECTCH HEJOCTATOYHBIM.

Bo3aMO#HO 1H BOIBMKHOBEHHE TaKOH eaaumnoil Gaoxuposxu, WM mynuxosoid CUmMyayuy
{deadlock), koraa Bce MoToKN OYAYT 3a610KHPOBAHBI TOXOGHEIM 06PA30M.

B Hameii IporpaMMe 3T0 HEBOIMOXKHO NO OAHOI NpocToi npuMuHe. [pu Kamaom me-
pesoge nepeckiraeTcs He Bonee 1000 aonnapos. Ilockoanky Ha Beex 100 cuerax HaxopaTcs
cpeacTea, coctasnamnme 8 cymme 100 000 ponrapos, To B KaaAblli MOMEHT BpPeMEHH ILO
KpaitHell Mepe oauH cueT uMeeT Gosee 1000 nommapos. IToTOK, NepechLIaOMEEH CPEACTRA C
TAKOTO CHETA, PARG WK NO3LHO IPOROIKKUT padoTy.

Oanako TyMUKOBag CHTYAITHA BOIHHKHET JOCTATOYHO OBICTPO, €CTH HIMEHHTH METOJ
Tun Tax, 9Todbl MOIIM NEPesOAWTHCH CyMMel Gonpiue 1000 sonnapos. Yeranosure 3nasie-
Hue NACCOUNTS pasmubiM 10, YkaxkuTe OpH CO3JAHMH KAKJOTO INOTOKA 3HaUeHUe
maxAmount, pasuoe 2000, n sanycrure nporpamyy. OHa GyACT BBHIONHATLCA HEKOTORGE
BpEeMs#, a 3aTeM 3aBUCHET.

Fpu 3aBrcaHy NPorpaMmMisl HAXKMUTE KOMOUHaUMIO KNaeULL <Ctrl+\>, Bbl noaydnTe gamn,
copepxawmii uHhopmaumio 060 Bcex NoTokax. [Ana Kaxaoro noToka oTodpaxaeTcs Tpac-
CHMPOBKA CTeKa, NO3BOJNIAILLEA BRISCHUTL, NPY KaKMX YCSIOBMAX NPOU30WNIa B3aMmHana Bro-
KMPOBKA.
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- ’ 1 1200
2 1300

hank.accounts

flarok 1 flotok 2

bank.transfer(1,2,300}

bank.wait()
bank.transfer(2,1,400)

bank.wait{}

Puc. 1.6. Bsanmuan 61okupoBxa

Apyroi crocod cospauus TYOHKOBON CHTyaL UM OCHOBAH HA TOM, YTOOM 3aCTaBHTh
+#1 NOTOK NEPEBOJMTL AEHBIH HA +HM CUET, 4 HE CHMMATh ¢ Hero, B aToM caydae ecTh
BEPOSITHOCTD, UTO BCE [OTOKM NOIBITANTCA CHATH CPEACTBA C OAHOr0 CHETA, HPHYEM
foapIe, YeM OH CONEepPIKMT. B nporpamme SynchBankTest M3MeHHTE MeTOJ run
xracca TransferRunnable, rT.e. B Beldoee MeToda transfer () nmoMeHAlTe MecTaMu
fromAccount U toAccount. 3amycTHUTe NPOrpaMMy U YOEeIUTECH, YTO TYIMKOBAS CH-
Tyal[Us HACTYNAET IPaKTHIECKH MTHOBCHHO.

Bor eme ofuH coco6 cozgaHus TYIMKOBOH cuTyallud. B oporpamme SynchBankTest
samenuTe MeToa signalAll () meropom signal (). Ilocne zamycka rnporpaMma jAocrta-
TOYHO BLICTPO 3aBHCHET. (TOOBI YCKOPUTE HACTYIIEHIE OMKHIAEMOH CHTYAIIHH, MOKHO
ycranosdatk 3HaveHrne NACCOUNTS pasuemv 100) B ominune or Meropa signalsll(),
KOTOpbI YBEJOMISET BCe NOTOKH, OKMIAIOIIME yBeIHUYeHus Oalanca, MeTog signal ()
PazGAOKMPYET TOJABKO OHMH IIOTOK. ECAM 3TOT MOTOK He CMONKET MpOAOJDKHTh BBITONHE-
HHE, TO BCE TIOTOKU 3abI0KHpYloTca. PaccMoTpyM npocToil cieHaphit BO3HMKHOBEHHS TY-
MMKOBOM CUTYaIMH.

Cuer 1: 1990 goamapon

Bee octanpuere caera: 990 noarapos

Horox 1: nepesog 995 ,zzbﬂﬂapoa cocuyera | Ha cuer 2

Bce ocTanpnble DoTOKK: Iepeso 995 fosnapos wa Apyroi cueT
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OueBHAHO, YTO BCE TIOTOKH, KPOMe MEPBOro, GyAyT GI0KMPOBAHEL, TAK KAK HA HX CYeTax
HEAOCTATOYHO CPEeACTE,

Torox 1 Tpogo/KaeT BLINOJIHEHNE, H BOSHHKACT CACAVIONAL CHTyALMS.

Cuer 1: 995 nonnapor

Cuer 2; 1985 goanapon

Bce ocranshbie caera: 990 gomnapor

Teneps motox 1 BoiapipaeT MeTog signal (). Iocreannit BaiGrpaeT CAEAVIOMNIE TOTOK
cityuaiiHpiM obpasoM. [Ipeanonoxum, 9To o pasdIoKUpyeT MOToK 3. ITOT NOTOK HAYHHA-
€T BBIIOAHATBCA M ONPEAEIier, YTO Ha CYeTe 3 HEAOCTATOMHO CPefCTE, a4 NOTOMY BHOBb
BeI3LIBAeT MeToX awalt (). OxHako norok 1 Bee eme npogomkact padorty. lenepupyerca
HOBasA TPaHAAKIMA, HAIIDUMED:

ITotox 1: mepesecTH 997 nosmapos co cueta 1 Ha cuer 2

Teneps norox 1 Taxse BLI3LIBAECT METOA awalt (}, TOCKE Uero ¢c¢ MOTOKH GNOKHPYIOT-
cna. CucreMa 3anna B TYITHK.

IMprapHONh TaKoH B3aUMHON OMIOKIPOBKY HBJAETCS MeTod signal (). OH crocobeH pas-
BIOKHpPORATH OFH TIOTOK, HO 3TO MOMKET OKA3AThCA COBCEM He TOT MOTOK, KOTOPbIH HeobXo MM
IS Janbaeklero BeIoaneHns. (B pamem crieHapm noTok 2 10/DKeH TEPeRECTH CPEACTBa CO
cueta 2.)

K comxanenuio, A3bIK Java He o61afaeT CpeICcTBaMH /Uis ABTOMATHYECKOTO YCTPAHCHIIS TYIH-
KOBBIX curyarpil. Tloaromy o6paboTky NOTOKOB HYXKHO OPTaHM30BaTE TaK, YTOObI MCKIIOUHTD
BO3MOKHOCTP B3aMMHON GIOKIPOBKH.

Cnpasedausas Gaokuposxa

Npu cospanmuu 00berTa Reent rant Lock MOMKHO YKa3aTh HA HEOGXOAUMOCTE HCIOIBI0-
BAHUS crpasedausol noswmunu tnoxupoexy (fair locking policy).

Lock fairLock = new ReentrantLock {true};

[Tpu capabemiBoil GIOKUPOBKE ITPEATIOUTEHUE OTAAETCS IIOTOKY, OKHAAIOIEMY HanboIb
mee ﬁpems. ORHAKO TAKOH [IOIXO0J BACUeT 3a COBOH CHIBKEHKE NpoM3BoanTeabHocTH. [losTomy
0O YMOIIAHHIO CITPABETHBAS LIOTUTHKA Ge30ITACHOCTH HE HCITOAbIYETCA.

Jaske ecan BEI MCIONB3YETE CHPABEAIMEYIC MOTHUTHKY GIOKUPOBKH, HeT HHKAKOH rapaHTHH,
YTO IVTAHHPOBNTMK GyaeT cnefosaTe eil. Tak oH MOXKET MTHOPUPOBATL TOT (DAKT, ¥TO HEKOTO-
PBI1 IOTOK CIMIIKOM JOJTO OSKUAAET GI0KHMPOBKH,

) Kasanock Obl, CNEAYeT CTPEMUTLCH K CNpaBeffMBoCTH, HC Cnpapennveas BnoKWpoBKa
BEINONHAETCA MeanenHee o6biyHoR, TpeboBaTe &6 MCNONL30BaAHMSA CNefyeT TONbKO TOr4a,
KOrOA OHa MOXET OKa3aTh CYWECTBEHHOE BIWAHWE Ha PeweHe salei npobnemel.

|A]51!; Java.

¢ ReentrantLock (boolean fair)
Coznaer 00DeKT GIOKHPOBKHU CO CNPABETANBOH IIOJMTHKOH.
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ITposepica docmynnocmnu GA0KUPOBKY U UCRONBIVEARUE MAUM-QYMA

IMoTox craHoBATCA GIOKHPOBAHHLIM CPasy ke Aocae Bhlzora MeToja lock () u mpebsl-
BA€T B TAKOM COCTORHHE A0 OCBODONKACHNA GIOKHPOBKH APYTHM ITOTOKOM U €€ IOJyH4eHH.
OaHako B psge caydacs caeayeT fosee OCTOPOXKEC IOAX0AHTE K IOTYUCHHEG DIOKHDOBKH.
Merog tryLock {} nelTaeTcs momyduTh GICKMPOBKY U BO3BPANlaeT 3HaYe€HHE Lrue npu
veiiexe. B IpoTHBROM CIydae METOR HEMELACHRG IpeKpaiRaeT pabory, BO3BpaHaeT 3Hade-
nue false v MOTOK UMEET BOIMOXKHOCTD BHITIONHATE KaKl/IE-HI/lﬁyllb apyrue ACHCTBHSL.

if {myLock.tryLock(])
// TloTox BlageeT BICKUPOBROM
try .
finally { myLock.unlock(); }
else
// Brmonnenme OpyrMx OefiCcTBMN

[Tpn BBI3OBE MeTOHA txryLock () MOMKHO YKasaTh 3HAUE€HHE TaliM-ayTa.
if {myLock.tryLock (100, TimeUnit .MILLISECCONDS))

B krmacce TimeUnit mnpegycMoTpeHnl 3HAYeHHMst SECONDS, MILLISECONDS,
MICROSECONDS n NANCSECONDS.

B jannoM ciywae nmonaTve cOpaBeiIHBOH GIOKMPOBKM MHTEPIPETHUPYETCA CHENHalL
HBIM 00pPA3OM, :

Meroa tryLock() ¢ mapameTpoM, OnpefeasiONiuM TaHM-ayT, MOSICPARUBAET Ty XKe
CIpaBeATHRYIC BIOKHPOBKY, YTo M MeTod lock (). Ho Merox tryLock () Gea napamerpa
IeHCTBYET IO-APYroMy: ecid GIOKHPOBKa JOCTYIIHA, BLIIOJHEHHE METOAA TIPOAC/ILKAETCA H
TEKYIui TOTOK IOAYHacT €€ (9TO UPOHCXOAUT, JAKE €C APYrail NOTOK OKnAaeT 10Ky
porky}. Kciu Takoe nosenene BaM He HPABUTCH, Bl MOXKETE BBIZBATDL AAHMENL METON Cae-
Jyioniam oGpazom:

if (myLock.tryLock (0, TimeUnit.SECONDS))

Metoa lock {) He MOKeT OBITL IpepRaH. Ecav OCYINECTBASETCA NOIBITKA IIPEPBATH
HOTOK B TC BpPeMs, KONJa OH OJKHJAET HOJYYEHMA DIOKHPOBKM, IIOTOK OCTAETCH 6)101(?1150-
BaHHLIM. [Ip1 B3auMBoIl GIOKMpOBKe MeTo 1ock () HUKOFAA He mpeKpawmaeT pabdoTy.

Ecnu e Bri BpI3oBeTe MeToA trylLock () M yKaxeTe NpH ITOM TaiM-ayT, TC IIpH NO-
HEITKC NIPEPBATE NOTOK B NPOLICCCE ORHIAHNA BACKHPOBKA GYAET CrehepHPOBAHG HCKAK-
yenue InterruptedFxception. T4 BO3ZMOKHOCTE UPE3IBBIYANHO IIOJAE3HA, NOCKOMBKY
OHA NO3ROJAET GOPOTHCS CO B3AMMHBIMH GI0KHMPOBKAMH.

[pu kenasmy BBI TAXKE MOMXKETE HCUONB30BATD MeTol lockInterruptibly ().
On aefcTByeT Tak xe, kak ¥ tryLock () ¢ DeCKOHEYHBIM 3HAYCHUEM TalM-ayTa.

Jns yenoBHHA TAKKE MOIKHO 33/iaTh TAHM-ayT.

myCondition.await (100, TimeUnit.MILLISECONDS))

MeTon await (] BO3BpalaeT ynpaBAecHHe, €CU TEKYIIi ToToK ByaeT aKkTHBMANPDOBaH
ApyruM moTokoM (MeTos signalall() wim signal ()), nuGe 0O NCTEYEHMH BpPEMEHH
TalimM-ayTa, 1M60 11pU TIPEPBIBAHIH OTOKA.

[pu OpepplBaHAM OKMIAIIIErC MOTCKA MeTOA awalt () reHepupyeT HCKIOYEHME
InterruptedBException. B Tex peixux cayyasix, KOrja ;eHaTeNbHo NPOLOIKUTD OXH-
JAHKME, MOXKHO MCITOAIL30BATE MeTOL awaltUninterruptibly ().
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l “Java.util.concurrent,locks.Lock 5.0
4P .

e Dboolean tryLock()
IlerTaerca noayunTe GIOKHPOBRY, HE IPHOCTAHABANBAS BLITOTHEHWE NOTOKA; B CIIy-
yae ycrmexa BOSBpalaeT sHadeHue true. JIaHHbi METO/ B3AXBATHIBAET GIOKHPOBKY
Jaxe B TOM CIy4ae, ecid 3ajJafa CITPaBeUIMBAS TIONUTHKA OJIOKMPOBKM M JIPYTHE
NOTOKH HAXOJATCH B COCTOAHUE OXKUAAHW,

* boolean tryLock(long time, TimeUnit unit)
Herraercs NoayanTh 610KUPOBKY. B cryyae npHOCTAHOBKY BRITIOIHEHNS HOTOKA 3TO
IPOHCXOAMT HAa BpPEMS, He [IpeBbINIAIONee YKASAHHOE 3HAUeHMe TakiM-ayTa. IlpH ye-
TIEHIHOM T1ONy9eHnY GROKMPOBKY BO3BDAIAET 3HAYEHTE True.

¢ void leockInterruptibly ()

anpamueaer GIOKHPOBKY, MPHOCTAHABAMBASA IPU HEOOXOJUMOCTH BLIIOTHEHUE
TIOTOKA Ha HeON peAe/leHHbl OTPE30K Bpemedu. [IpM pepeiBaHyH II0TOKA reHepu-
pyer uckmodenue InterruptedException.

java.util.concurrent.locks.Condit

¢ boolean await (long time, TimeUnit unit)
JobapiaseT MOTOK K MHOKECTBY OMKMAAHHS IUTA JAHHOTO YCACBHSA. BHITOTHEHHE IOTOKA
IPHCCTAHABIMBACTCA A0 TEX MOP, NOKA OH He OYAET YIaIeH M3 MHOXKECTBA OMHIaHM,
aub0 X0 UCTEHYeHHs YKA3aHHOTO OTPe3Ka BpeMeHH. ECIM MeTos oKOHYMA paboTy o
TAHM-ayTy, OH BO3BpallaeT 3HaucHHe false, B NpOTHUBHOM Cydae — BHAYECHHE Lrue,

¢ void awaitUninterruptibly (!
JobaBiseT NOTOK K MHOMECTBY OKHUIAHWA 114 JAHHOTO YCJIOBHA, BHIIOJIHEHuE mo-
TOKa OPUOCTAHABIHBAETCA A0 TEX MOP, ITOKA OH He OyaeT yoaleH 43 MHOMXeCTBa
oxuganus. LIpu mpepbiBasMm NOTOKA HcKaiOueHune InterruptedException
HE reHepHpPYeTCH, )

Baoxuposxa wmenus u sanucu

B maxere java.util.concurrent.locks copepiarcd Ba ¥nacca. OTBEYANINHE 33
OJIOKHMPOBKY: Yke PacCMOTpeHHBIH samy ReentrantLock n ReentrantReadWriteLock,
Knacc ReentrantReadWriteLock IT0A€36H B TEX CAYHAAK, KOTAA B IPOFPAMME MPHCYTCT
ByeT BONBIIOE KOAUYECTBO IIOTOKOB, YHTAMIMX MH(GOPMALIMID N3 HEKOTOPOA CTPYKTYPHI,
M ropasfo MEHBIIEE YHCAO NOTOKOB, MOARGIIMPYIOMUX 3Ty CTPYKTYpY AaHHbBIX. B Taxok
CI’ITYZ{L{I/IPI HMEET CMBIC IIPEACCTABUTL YHTAKIUM [10TOKAM COBMECTHBIH AOCTYTI. O“ICBI/I,H.‘
HO, YTO 3aNHCBIBAIONHE [TOTOKH HO-HPG)KHEMY AQJKHBL TMETE UCKIIOYUTECILHEBIN AOCTYIIL.

Hr:xe onmcansl AeHCTBIS, KOTOPBIC HEOOXOANMO BBINOAHUTE JNA MCIIOAL3OBAHUA 610-
KMPOBKH YTCHHSA B 3AIIHCH,

1. Cospaiite 06bekT ReentrantReadWritelock.

private ReentrantReadWriteLock rwl =
new ReentrantReadWriteLock(} ;

2. Hserexure 0GBHEKTDI GIOKMPOBKH YTEHHA U 3AMICH.

private Lock readlLock = rwl.readLock() ;
private Lock writeLock = rwl.writeLock({);
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3. Hcrrompayiire 6/0KMPOBKY YTEHHS IIPH YTEHHH JAHHEIX.
public double getTotalBalance ()
{
" readlock.lock () ;
try { . . .}
finally { readLock.unlock(); }

}
4, Hcoonnayiire GIOKHPOBKY 3AMHCH TPH MOAUMIKANAH JAHHBIX,
public void transfer{. . .)
{
writeLock. lock () ;
try { - . .}
finally { writeLock.unlock{); }

}

Ej fre i SR R S R
API

java.u £ concurrent locks ReentrantReadWriteLock 5.0

¢ Lock readLock()
Bosppamaer GAOKHPOBKY YTCHHA, KOTOPYID MOMXKHO HCIOIb30OBATH IPH YTEHHH,
HO HE IIPH 3aMHCH,

¢ Lock writeLock()
BosppaimaeT SI0KMPOBKY 32ITHCH, KOTOPAA ACKI0YAET OAHOBpeMEHHOE obpamenne
,I[PY[‘HX 3allXChIBAIOIIHX H YU TAIONHX MOTOKOB.

TTouemy memodu: stop () u suspend() yemapeau

B JDK 1.0 gra ocraHoBKY NOTOKa Hpe,I{YCMOTpti‘H MeTOx steop (), a ang GIOKMPOBKH
{moxa B PyTOM NOTOKE He OY/ET BBI3BAH resume () } — meToa suspend (). MeToasl stop ()
u suspend (} DOX0XH B OAHOM: 064 OHH KOHTpOJIPIpYIOT OBEACHME TTOTOKA IIPH OTCYTCT-
BHII BSaHMOJICHCTBHH IIOTOKOB.

Hauwmnas ¢ JDK 1.2, ofia MeToga He peKOMEHAOBaHb! K NpUMeReHHK. MeTon stop ()
H3HAYATRHO ABAACTCH OMACHBIM, A INPHMEHEeHWe MeToja suspend (), KaKk HOKA3LIBAET
OIBIT, YACTO IPHUBOANT K TYIMKOBBIM CHTYALMSM. B 3TOM paszesne oNMCHIBAIOTCH HEKOTO-
PEIC IIPOGAEMBL HCITOAB3OBAHNA JAHHDIX METOAOB H CIIOCODDI MX YCTPAHCHHUAL

Brauane paceMotpumM MeToA stop () . ITOT METOA 3aREPIIAET BCE METOAEL, OXUAAOUIME
BRITIOJHEHMSA, B TOM uyrciae U meTod run (). Korga paboTa moToka oCTaHAaBIMBAETCs, OH
HeMEAIEHHO OCBOGOMaaeT Bee 3a6T0KHPOBAHHbBIE OOBEKTH. JTO 3HAYMT, UTO HX COCTOM-
HPA MOTYT OKA3aThCH HECODTAcOoBAHHBIMM. Ilpeanmonoxusm, HampuMmep, YTO IIOTOK
TransferThread ocTaHOBIEH B HpOLECCE EPEBOJA CPEACTE C OAHOTO CYETA HA APYTOH,
nmocae CHATHUA € OJHOIO cyeTa H 4O BHECCHMA Ha npyrof{. B stom CJIY'—Iae 06'b€KT, OIIHACHI-
BAIOTHI GANK, GKAIBLIBALTCR NOGPEsCOEHHbIM M MOMKET TIOBAMATDL Ha PaboTy BCEX APYIHMX TO-
TOKOB, KOTOPBIe He ObUTH OCTAHOBIEHEL, '

Ecmu 0gMH IIOTOK XO4eT NPHOCTAHOBUTEL PafoTy Apyroro NoToka, OH HE CMOXKET onpe-
NeJIMTh, PHBEAET JIH K HOBpCMﬂeHHK)OﬁbeKTa NpUMeHCHHUE MeToJd Stop () MIH HET.
IMoaTomy AaHHBIN METO/ HE PEKOMEHAYETCH HCIIOMb30BaTh. ITOGB OCTAHOBUTDL NOTOK, €r0
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caefyeT mpepsaTh. IIPepBAHHBIA IOTOK 3aKOHYHT CBOE BBINOJHEHME TOIAA, KOIAA 3TO
MOXKHO GyzeT cenarh 63 PHCKa TOBPEIUTL OOBLEKTDL.

[] HekoTophke ABTOPL! YTBEPXAAIT, 4TO METOA stop { ) HE PEKOMEHAYETCH NCTOAB30BETh, NOTOMY

YTO OH MOXET NPUMBECTU K NepMaHeHTHOR BOKMPOBKE OGLEKTOB OCTAHOBASHHLIM MOTOKOM,

OaHako 310 HeBepHo. OCTAHOBNEHHLIA CTCK 3aBEPLIAET BLINOMHEHWE BCEX CUMHXDOHW3WMDO-
BaHHLIX METONOB BeneacTaue 06paboTk MCKNioMeHun ThreadDeath. B pesdynetare noTtok oc-
BOBOX 36T BCE BN0KMpOBaHHLIE OGLEKTHI.

PaccmoTpuM Teneps npobreMsl, KOTOPBIE MOTYT BO3HHKATD IPH HCHOAL30BAHNH METO-
aa suspend (). B ornaaue ot metoxa stop (), Meton suspend{) ne nospexaaeT 06beK-
i, Ho ecitd ¢ ero noMomsio NPHOCTAHOBHTE NOTOK, 00Iagaomui GIOKHPOBKoiL, TO 610-
KHPOBKa GyAeT HeHOCTYIHA A0 TEX 10D, II0KA pafoTa IIOTOKA HE BO30GHOBHTCA € NOMOIIBIO
meToga resume () . Ecim noTox, poiapasmuit Metod suspend (), NBITAETCH HOJIYYUTH TY JKe
GIOKMPOBKY A0 BbI30BA METOZa resume (), BOIHMMKAST TYIIMKOBAS CHTYAUMS: IPUOCTAHOB-
JIEHHDIA HOTOK OKHIAET BHIAOBA METOAA resume {) Ana NpoROKEeHH PaboThL, A4 OCTAHO-
BMBIIHH €r0 [I0TOK OKHUIAET OCBODOKICHIT OOBLEKTA.

Taxas cUTYallUsa YacTO BOZHHUKAET B rpaHYecKX MOMBIOBATENBCKHX nHTepgekicax, pea
NOAGKHM, 4TO HporpaMMa ¢ rpagudeckum uHrepdeiicom ummrapyer paboTty Ganka, Krnonka
Pause npHocTaHARTIBAET NOTOKKM HepeBOia CpeacTs, a kuonuxa Resume mpojomkaeT UX BEF |
[IOJHEHHE.

pauseButton.addActicnListener (new
ActionListener ()
{ N

public void actionPerformed{ActionEvent event})

for {int 1 = 0; i1 < threads.length; i++)
threads [i] .guspend () ; // He ciuenyer nocrynarb Tak!

I3
resumeButton.addActionlistener({. . .}; // BusuBaeT resume ()
// mna Boex NOTOKOB, COCYNECTBIANNMK NepeBcH CpeACTH

Ilpeanonosxum, 9To MeTol paintComponent () oTobpaxkaeT AUATPAMMY IS KAKAOTO
cueTi, BhidblBad MeToA bank . getBalance.

Kax 6yaer noxasano ganee, 06paboTka ZEHCTBHIH C KHONKAMH H IEPEPVICORKA THarpamMm
OPOHCXOAAT B OEHOM M TOM K¢ IIOTOKE, KOTOPBIA HABBIBAETCH NOMOKOM YNPasAenus cofui-
musmu (event dispatch thread). PaccMoTpHuM IPABEACHHABIN HILKE CHEeHapHil.

1. Opyn M3 NOTOKOB IEPEBOJA CPEACTS NOIyUaeT GA0KHPOBKY st o6bekTa bank.

2. Tlome3opaTenb WEAKAET HA KHONKe Pause.

3. Bbl[IOJIHCHHC BCeX ITIOTOKOR nepeaona Cpe,IlCTB IIpHOCTaHaBJI[/IBaCTCH, HpI/I‘IEM OA1H
13 HUX BCE elle BaageeT GRoKupoBKoi 118 obbexra bank.

4, B onpeznereHHbIH MOMEHT TpebyeTcsl IEPEPHCOBATE AHATPAMMY COCTOAHMSA CIETOB.
5. MeTox paintComponent () BohispiBaeT MeToa bank . getBalances ().

6. 3TOT METOJ IBITAETCA IIOAYYHTEL GI0KMPOBKY U1 00beKkTa bank.

Iocae aToro nporpaMma 3aBHCAET.
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HoTox yupasaeHMa COGLITHAMI HE MOXKET IIPOAOIKATL CBOIG PaGoTy, IGCKOIbKY O0L
exT bank 6JIOKI/IPOBaH. HOE)TOMY NOMBE30OBATCIL HEC MOMKCT INCAKHYTh Ha KHOIIKE Resume
T BEIIOJHEHHE OCTATBHEIX TIOTOKOR YIKE HE MOMET BLITh BOZOGHORICHO.

s Ge3onacHol NPUOCTAHOBKKE PaGOThl MOTOKA CIEAYET BOCIOIL3GBATHCH TEPEMEH-
Hol suspendRequest ¥ NPOBEPATL €€ 3HAUYEHUE B BE30NACHOM MECTE METOAA run (), T.e.
TaM, CAC MOTOK HC 6J'IOKI/leCT 06'13€KTI*>I, KOTOP®IC Tpt‘6yIOTCH APYEUM DOTOKaM. Ecnm nmoTok
oNpeaeAeT, 9TO ICPCMEHHaA suspendRequested nMmeeT 3Ha4€HMe Lrue, OH IEPEXOINT
B COCTOAHME OJKMAaHHUA JO TEX IIOP, NMOKA €€ 3HAYCHHUE HE CTARCT DABHBIM false.

ﬂaHHbII‘/l[ IoAxXon WLTOCTPHPYCT HpI/IBe,I[el'IHbII‘/JI HHXKE q)paI‘MeHT KOI4.

public void run(}

{

while (. . .}

if (suspendReguested)

suspendLOék.lock();

try
{ while (suspendRequested) suspendCondition.await(); }

finally { suspendlLock.unlock{); }

}

public void requestSuspend() { suspendRequested = true; |
public void reguestResume ()

suspendRequested = false;
suspendlLock. lock () ;

try { suspendCondition.signaldll{}; }
finally { suspendLock.unlock(); }

;

private wvolatile boolean suspendRequested = false;
private Lock suspendLock = new ReentrantLock(};
private Condition suspendCondition = suspendLock.newConditiont();

brokupyromue ogepeau

Ongpedr — 70 CTPYKTYPA JAHHLIX, TIOJIEPKUBAIOIIAA JBE OCHOBHEIE Oflepandu: poGagsie-
HIE DICMEHTA B Xgocnt OYEPEXH H H3BACYCHHE (BMECTE C YIAICHHCM) 2ICMCHTA I3 20:4065: OUC-
pean. Takum 06pa3oM 06PAGOTKA JAHHEIX B OUEPETM TPOMCXOAMT TIO TPHHIMNY “TepBbii
BOINE — TEPBBI Bhien”. Baoxupyiomas ouepeab IPHOCTAHABIMBACT PabOTy HOTOKA, CCIN
OH AM00 MPITAETCHA A0GABUTL SJIEMEHT B 3AIIOJMHEHHYIO OUEPEab, A0 UIBACYL 2MEMEHT H3
nycToll ouepean. baokupylonme odepea — NOAE3HBIH HHCTPYMCHT AAA KOODAWHAINA Aeti-
CTBHIT HECKOBKUX NOTOKOB. HeKOTOPbIE OTOKM MOTYT IEPHOJMYECKH ITOMEIATS TIPOMEKY-
TOYHBIE PE3YALTATHI CROCH paloThi B BIOKUDYIONYIO gUuepeib. Jpyrie noToOKKH — M3BACKATh
HX M3 O%ePEeIN M BBIIOJHATE AarpHelinyo obpaboTiy. Ecnu nepsas rpynma noTokos pabora-
€T MEAACHHEE, YEM BTOPAdA, MOTOKMA N3 BTOPOH rpyIiie! HAOKUPYIOTCA A0 TOJYIEHUS PE3YIb-
taros. Ecnu nepsas rpynna patoTaeT GeicTpee, Ouepeib 3AN0AHASTCS H OCTACTCH B TAKOM CO-
CTOSHUM [IO TEX 0P, HOKA IOTOKH U3 BTOPOH IPYINLL HE HAUHYT OcBObOXAaTL ¢¢, Oneparuy
€ OMOKHPYIOUINMH QUEPEAAMI e PEYHCIEHbI B Tab. 1.1,
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TaGanua 1.1. Onepapnu ¢ GIOKAPYIOMHUMH 09 PegIMH

MeToz, Hopmaibuoe Beptonnende  JeHCTBuA B caydae oIHHOKH
add Hobapnaer areMcHT Ecriid oucpenns 3aI0JHEHA, TEHEPUPYET HCKIIOYEHHE
IllegalstateException
remove VaangeT 3mMeMeHT U3 rofioBel  Eomn ouepenp MycTa, reHEPHPYET MCKAIOUeHIEe
Ouepefn B BO3BpallaeT ero NoSuchElementExcepticn
element Bo3ppamaeT aAeMEHT 1 Fcm ovepeap NycTa, TCHEPHPYET HCKMIOUEHIE
FOJIOBBT OYEPEar NosuchRElementException
offer JoBapiseT aleMeHT K RO3- Ecm ouepean 3amoryena, BO3BPANACT SHAULCHHE
BPAIEACT 3HAUCHHE LIrue false '
poll VoazgeT sReMeHT U3 ronos KoK ouepes mycTa, go3Rpamacy aHaneHue null
ovepeld M BOZBPAIIALT €70
peck BosspamaeTt axreMenyT us Ecay ouepeso mycTa, BOSBpANiaeT 3HaseHme null
rOAOBBE OUCPEAT
put HobapaseT aieMenT Ecan ouepesn 3anosinena, BHIOIHEHNE TIOTOKA
HpHOCTRHaBﬂHBaETC}{
take VYaanger anemMedT W3 ronoBel  Yoan OUYEPEAL NMYCTA, BBITOTHEHHE HOTOKA TPHOC-
QUEepEAM U BO3BPAIUAET €ro TAHABIUBACTCS

B 3aBHCHMOCTH OT PE3YALTATOB, OMEPALHH ¢ SIOKUPYIOMIMME OYepesdaMI Ae17TCA Ha TPH
xareroprm. Oneparnuu add (), remove () H element () reHepHUpPYIOT MCETIOYEHHE IPH IIO-
IBITKE AOGABUTL DAEMEHT K 3alIOMHCHHOH Ouepend WM H3BJIEYbh €TO M3 TyCTOH Ouepeau.
O49eBHIHO, B MHOTOIMOTOYHBIX MPOrpaMMaX Ouepeah BpeMs OT BpeMeHH GYAET 3aloMHIThCH
JHGO MOMHOCTRIO OCBOBOMAATHCS, TOITOMY B HEKOTOPRIX CIyuadX rMecto add (), remove ()
n element () yenecoobpa3zHo HCUOAB30BATE MeTOAR 0f fer (), poll () npeek (). Ecmu stn
METOJBI HE MOIYT BBIHONHHTE IIOCTaRICHHYIO 'nepe,u HHMH 3afa4y, TG BMECTO IeHeparjiu
HMCKTIOYEHNS OHK JIUTTb BO3BPAITAIOT 3HAYCHHE, CBI/IETEALCTRYIOmee 06 omubKe.

MeTonn poll () U peek{) coobwawnT 06 owmnbke, Bosspallan 3HadeHne null. Cneposa-
TEALBHO, HYSEBLIS SASMEHTE HENE3R NOMEILATL B COCTAB ONOKMPYIOWMX O4epPeasii.

IIpn BerzoeBe merogos offer () u poll{) MOXHO YKa3bIBATE 3HAUCHUE TaI'/'IM-ay"ra.
Hanpusmep, npH BHEITOTHEHUH TIPUBEACHHOTO HHKE BEIpAXeHUus meTop offer () mbrraer-
CsL NOMECTUTD 3JIEMCHT B XBOCT odepeau B Tedenne 100 MuaancexyHa,

booclean success = g.offer{x, 100, TimeUnit MITLLISECONDS});

B ciyuae yemexa MeToA BO3RpAMaeT 3HAYEHHE CrUe, B IPOTHBHOM CAYYae MOCTe neTe-
HCcHHA BpeMt’HI/I TaI‘:TM-aYTa BOSBP&IJ.[EICT snadeqde false. AHZUIOFH‘IHO B pesy.rlb'ra'l‘e cJIe-
JIVIOINETO BLRI30RA BOIBPANALTCH 3HAYEHHE true, ecad B TeveHue 100 MunimcekyEA yaaeT-
CSt YAAJIMTD BJIEMEHT M3 I'O0BbI GUEPeH.

Cbiject head = g.poll{100, TimeUnit.MILLISECONDS)

Hraue pozspawaerca suauenue false.,

M naxownetn, a1 ouepeieil paccMaTPHBAEMOrO THHA OTIpPejcIeHbl GAOKUpYIoNHe ore-
paunu put (} u take (). Meroa put () NPHOCTAHABAHBAET BLUIOJHEHHE DOTOKA, €CAH
ouepelh 3aMlOMHEHa, a MeTok take (} JedaeT TO e caMoe, ecaH ovepeAb mycTa. OHu sB-
ssovea agaioramu Metogos offer () npoll () Ges ralivayra.
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B nakere java.util.concurrent cogepxarca JeThIpe BApHMAHTA ONOKUPYIOLHX Ove-
peaeit. ITo ymosraanmo odbem LinkedBlockingQueue He OrpaHiHeH, HO NPH HEOGXOAMMO-
CTH MAKCUMaNbHBIH 00BeM MOKeT OpiTb 3anaH. Ilpu cosmanun ArrayBlockingQueue yka-
3BIBACTCSA OOBEM, A TAKIKE MOMKCET GBITH 3ajal HEOGA3ATENBHLIH IapaMeTp, 3anpallBaIONIHA
COPABCIINEYIO GAOKMPOoRKY. B coyuae cnpapeinuBoil SAOKMPORKI TPEAIIOYTCHUE TOAVIAKT
NOTOKH, HAXOMSINHCCS B PEXKIME OXaiaHus Hanbonbmee Bpems. Kak Bbl yxxe snacre, cnpa-
BCATHBAA HUIOKHPOBKA CHHKAET TPONIBOAMTEALHOCTE M JIOMKHA 6bITh HCNOAB30BAHA TOJIBKO
B'TOM CJIy9ae, KOTAA OHA HMECT CYINECTBEHHOE SHAYCHRE 1S PeIICHHA 3a0a9H.

Knace PriorityBlockingQueue peasusyer odepeab ¢ NPUOPHUTETAMM; ISl HEE HE
COGAWAACTCA NPUHNUL ‘Nepapiil npUnten -- NepRnil poimen”. JAEMEHTH YAANAKTCA W3
ouepeld B COOTBETCTBHM € MX HpuopHTeramMu. O6meM ouepean He OrpaHHMEeH, a IPH 1o-
HBITKE M3BACYp 3EMEHT H3 UYCTOH OYepej)H BBITOMHEHHUE HOTOKA ITPHOCTAHABIMBACTCH.
{TToapo6Hee oucpeay ¢ PHOPHTETAMH GYAYT 0OCYKIATHCA B raase 2.)

M naxonen, DelayQueue COJEpPKUT 3IEMENRTDI, peannsywinue unrepdeiic Delayed.

interface Delayed extends Comparable<Delayed:

{

long getDelay (TimeUnit unit);

Meroa getDelay (} BO3BPANAET OCTATOYHYIO 33AEPHKY 1A INEMEHTA. OTpHHaTEJIb-
HOE 3HAYeHHUE YKA3BIBACT Ha TC, ITO BPEMS 3aJCPIKKH IIPEBBIICHO, JTFeMEHTHI MOTYT BBITD
yaaieHsl H3 odepenn DelayQueue TOMBKO B TOM CAydae, €CIH BPEMSA 33A€PKKH HCTEKIO.
[Ipu paGore ¢ cUepessIMH JAHHOTO THIIA HeOGXOINMO PEaTHROBATh MeTo compareTo ().
DelayQueue MCOOABIYET 3TOT METOA IS COPTHPOBKH COACPIKUMOTO.

[Tporpamma, Ko KOTGPOH OPHBEAEH B MHCTHHIE 1.6, AEMOHCTPHPYET MCHOIB3OBAHHE
GA0KHPYIOWMX, ouepeeli /i ynpasaesua Habopoy MoTokoB. Tlporpayma mimet daiiani B
KaTATOTE H €r0 MOAKATATOTAX U BhIROAHT CTPOKM, COAEPKAME 3adHHOE KTIOUEBOE C0BO.

“IloToK-NOCTaBIAK” HyMEePYET Bee (altins: BO BCEX TOAKATANOrAX U IOMEINAET X B GJI0-
KHPYIOITYI0 OYePefhb. JTa ONEpalidd BBIIOMHAETCA OBICTPO, M OYEPEAh MIHOBEHHO 3aI10.)-
HAeTCA paitnamu B3 GaIoBOH CHCTEMBL

Tawke 3anycKaeTcs GONLINOE KOJUHUECTRO MOMCKOBLIX NOTOKOB. Kamasiit nouckossil
noTok uaenekaet ¢ailr M3 odepesH, OTKPLIBAET €r0, BHIBOJUT BCE CTPOKM, COAEpIKANIME
KII04YEBOE CJ0BO, 4 3aTeM NEePexoquT K apyroMy daitry. J2id oCTaHOBKH IPHIOKEHUS TPH-
MEHSETCS CIeNHANLHBIN preM. ¥To0p! yKa3aTh, YTO PaboTa OKOHYEHA, IOTOK-TOCTABIHK
HOMEIAET B OvepeAb (PUKTHBHEIR 00pekT. KoTaa noHCKOBBIH NOTOK OGHAPYKUBAET TAKOH
OOBEKT, OH MOMENAET €rQ 06PaTHO H 3ABEPIHAET CBOKO PaboTy.

B manmoMm clyyae cIeuMalbHAad CHEXPOHU3ANUA NOTOKOB He TpeGyetrcs. B xauectse
MEXaHHM3MA CMHXPOBM3ALUM B 9TOM IPATOKEHNH BICTYNAET OUEPEb,

JInctunr 1.6. Coxepsxumoe akna BlockingQueueTest. java

import java.io.*;
import java.util.¥*;
import java.util.concurrent.*;

public c¢lass BlockingQueueTest
public static void main(Stringl] args)

{

Scanner in = new Scanner (System.in);
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System.out.print{

"Enter base directory l(e.g. /usr/local/jdk5.0/src): ") ;
String directory = in.nextLine();
System.out.print ("Enter keyword {(e.g. volatile}: "};
String keyword = in.nextLine () ;

final int FILE QUEUE SIZE = 10;
final int SEARCH THREADS = 100¢;

BlockingQueue<Files> queue =
new ArrayBlockingQueue<Files(FILE_QUEUE_SIZE);

FileEnumerationTask enumerator =

new FileEnumerationTask (queue, new File(directory)):
new Thread (enumerator) .start () ;
for (int i = 1; i <= SEARCH THREADS; i++)

new Thread{new SearchTask {queue, keyword)).start(};

}
/**

JaHHEDT NOTOK HyMepyer BCe (Qalrl B Karajore i ero nonxaTanorax.
*/
class FileEnumerationTask implements Runnable
/**
KoncrpykTop FileEnumerationTask.
@param gueue BIOKMDYOUWAA OUEPENb, B KOTODYR ERMguafoTca Gariis
@param startingDirectory KaTanor, ¢ KOTORODO HAYMHASTCHA
HyMepallld
*/ -
public FileEnumerationTask {BlockingQueue<File> gqueus,
File startingDirectory)

this.gueue = queue;
this.startingbirectory = startingDirectory;

public void run(}
{

try

{

enumerate (startingDirectory) ;
queue.put (DUMMY) ;

catch (InterruptedException e} {}

}
/**

PekypCHMBHO HyMepyeT Bce $afiisi B xKaTancre U ere nogkaTalioTax
@param directory HauaneHsrl xaTanor

*/

public veoid enumerate(File directory)
throws InterruptedException

File[} files = directory.listFiles(};



}

/**
*/

Bnoknpywouine odepean

for {File file : files) {
if (file.isDirectory(}} enumerate (file};
else queue.put (file);

}
}

public static File DUMMY = new File("");

private BlockingQueue<File> queue;
private File startingDirectory;

[lornck GaruIoBR IO KIKYEROMY CJIOBY.

class SearchTask implements Runnable

/**
Koncrpyrrop SearchTask.
@param queue O4Yepenk, M3 KOTOPOM M3BIeKa0TCA GariiH
@param keyword Knoueroe CJIOBO JNA [MOUCKA

*/

public SearchTask (BlockingQueue«<File» queue, String keyword)

this.queue = queue;
this.keyword = keyword;

}

public void run(}
try

boolean done = false;
while (!done)

File file = gueue.take(};

if (file == FileEmumerationTask.DUMMY)
{ queue.put (file); done = true; }

elge search(file);

}

catch (IOException e) { e.printStackTrace(); }
catch (InterruptediException e} {}

)
Jr*

BroJHAeT [NCHCK dafina o sSamadHHOMY KICHEBOMY CJIOBY
M BeBCOMT BCS CTPOXHM, YACBASTBODANNME KPHUTEDMED HOHMCKA.
@param file dain gaa nomcxa

*/

public void searxrch{File file} throws IOException

{

Scanner in = new Scanner (new FileInputStream{file));
int lineNumber = 0;
while (in.hasNextLine(})

81
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lineNumber++;
String line = in.nextLine();
if {line.contains (keyword) )
System.out.printf("%s:%d:%¥s%n",
file.getPath (), LlineNumber, line);

}

in.closef);

private BlockingQueue<Files gueue;
private String keyword;

“Java.util.concurrent.Delayed 5.0

e RS st e -

“0fil doncurrent.ArrayBlockingQueue<E> 5

ArrayBlockingQueue (int capacity)

ArrayBlockingQueue {(int capacity, boolean fair)

Cosgaer GIOKHPYIONYIO OUEPEAD € 33JAHHBIM OGBEMOM; OPH HEOBXOIUMOCTH. I10-
3BONAET JANPOCHTE COPABEANHBYIO DROKUPOBKY. Ouepens peanusyeTcs Kak KOJblle-
BOH MACCHE.

java.util.cdhcurﬁgﬁ%ffiﬁiédBlodkingQuaue<E>_7

LinkedBlockingQueue ()
Coagaer GIOKMPYIOMIYID OYEPEAh HEOTPARHHMYEHHOTO O6BEMA, PEATHIOBAHHYIO KAK
CBAZHLIA CIINCOK.

LinkedBlockingQueue {int capacity)
CoagaeT GAGKUPYIONYH) OYEPEAD 3AAAHHOTO OTPAHMYEHHOTO GGbeMA, PEATHIOBAH-
HYIO KAK CBA3HBIN CITMCOK.

R DA S 2

java..util.concurrent”.f}elayQueuecE extends _Dé_layed> 5,,_0'\_

e SO

DelayQueue ()

Cozgaer GAOKHPYIOMYE OYEPENh HEOTPAHWUEHHOTO O0HEMA, COCTOAYI) U3 e
MeHTOB Delayed. M3 ouepean MOryT OpITh YAZREHBI TONBKO T€ 3JEMEHTHI, LIS KO-
TOPBIX BPEMA 3AAEPKKL HCTEKNQ,

long getDelay (TimeUnit unit)
BoappaniaeT 3afcpaxKy A TEKYIIETO OOBEKTA, NPEACTABACHHYIO B 33JAHHEIX &IH-
HULAY K3MEePCHL, : _

java.util,concurzent.priorityBlockingQueue<E> 5.0

-

PricrityBlockingQueue (}
PriorityBlockingQueue {int initialCapacity)

PriorityBlockingQueue (int initialCapacity,
Comparator<? super E> comparator)
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Co3zaaeT GIOKHPYIONYIO OUePEb C IPHOPHTETAMH, PEANU30BAHHYIO Kak “Kyua”,

Iapamempror: initialCapacity HauanbHblil 0GbeM 0UCpeH ¢ OPUOPUTETA-
M. [10 yMOTSaHUI0 NCIOABIYETCSA HAUCHIE,
passoe 11
comparator Kommapatop, venoapsyeMbril a0 cpaBHeHMS

siaeMerTOB. ECM KoMITapaTop He ykasaH, 9To
BHAYHT, ITO INEMEHTH ZOIKHB] PCATH3OBbI-
BaTe HHTEpQelic Comparable

JEL java.util.congurrent.BlockingQueue<E> 5.0

¢ void put (E element)
,D;O6aBJIHeT JNEMEHT, HpH I—ICO6X0,II,PIMOCTH 6JIOKPIPYCT BBIIIOIHCcHHC.

* boolean offer (E element]

¢ boclean offer(E element, long time, TimeUnit unit)
Jobasnact ykasaHHsli ajiemenT. B cyyae ycexa posspanaer sHageHne true, Ecnu
OYepeah BalOTHeHA, JIEMEHT He A0GaBAAeTCH M METOJ BO3BPAMAET 3HAYCHHE
false. Bropoil BapuaHT MeTOJA GAOKHDYET BRHIOJHEHHE IO YCUEHIHOTO J002BiIe-
HHSA 3IEMEHTA IWIH 0 HCTEYEHNA YKA3AHHOTO BPEMEHLL

s E takel()
Yaanser sseMeHT M3 IONOBEL OYEPEAH W BO3Bpam@eT ¢ro. IlpH HeoGXOAMMOCTH
OCYIMECTRAAETCA BIOKHPOBKA. '

» E poll{long time, TimeUnit unit)
Yaanaer sneMeHT M3 FONOBBI 0UePeAH W BoappamaeT ero. [lpu neobxoanmocTu padora
GaoKUpYeTcs KO TEX IIOP, HOKA 3IEMEHT HE CTAHET JOCTYIHBIM HIH J0 MCTeYeHUs YKa-
3aHHOTO HHTEPYSaIa BpeMeHIL B cmdae olmibri1 BO3BPaMAeT 3HavcHne pull.

java.util.Queue<E> 5.0

e E poll() ;
YaanseT sreMeHT M3 TOJOBLI O4YEPeAM M BoappamaeT ero. Ecnu ouepesn mycra,
BO3BPANAETCA 3HaYeHHe null.

e E peek()
Bosepaumaer snemedT, HaxOasmuica B roaose ouepenw. Ecmm ouepess mycra,
BO3BpPAIACTCA 3HAYEHHE null.

HaGops! naHHBIX 11 Ge30nacHoi padoThI C HOTOKAMH

Fcru HeCKOABKO NOTOKOB OJHOBPEMEHHO MOAUDUUMPYIOT CTPYKTYPY AaHHBIX, HALIPH-
MEp XIU-TABAMLY, OH2 MOXET OBITE Nerko nobpexgena. (Xom-rabmins DoapobHO OBCyx-
patores B raaee 2.) [Mpefmonoxuy, HANPUMED, 9TO OXVMH MOTOK BKIOYAET B TaGiMLly HO-
BB 37€MEHT M BBITECHACTCA B TOT MOMEHT, KOTJA OH KOPPEKTUPYeT ceptikm. Eoan npyrod
nOToK GYZyT paboTars ¢ Toif ke Tabimuell, ou MOKET OPOCACIOBATE N0 HEKOPPEKTHOI
cebake. PesynnTaroM GyaeT MCKIOYeHAE WK BeCKOHEUHBIH MK
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3 TI'Th COBMECTHO MCUHGABIVEMYIO CTPYKTYPY AAHHBIX MOMHO € HOMOIRIO HIOKHPOB-
KM, HO OpOouIe HCHOAB3ORATL A8 ITOH HEeAW CTPYKIYPLI, CHElMaNbHO NpeAHasHauCHHbIE
Aas GezomacHol padoTel ¢ toToxamu. Takol CTpyRTYpoil apageTcs GIOKHPYIOAS OUepelb,
pPaccMOTpEHHAR B TpeslaylneM paszene. Jadee obcyxaamwTca gpyrue HaABOpLI, COAepRa-
upecs B 6ubanoTeke Java ul ofecuesIHBaOIHe PAboTy ¢ HECKOIBKHME NOTOKAMH.

Ippexmusnnie onepedu u xsu-mabdauys

B nmaxere java.util.concurrent cogepkarca peamusanuu sdrexTuruo padorTaonei
ouepeay w xsurrabmunpl. Oxp ppegcTaramoTed Kraccamu ConcurrentLinkedQueue n
ConcurrentHashMap. Knace ConcurrentHashMap noggepixusaet GOaLIOe KOAMYECTRO
HUTAOIHY, IOTOKOB M (QUKCHPOBAHHOE YHCIO 3agichiparinux, [lo ymorganuio npeanorava-
€TCH, YTO CO CTPYKTYPOIT edugapesenuo padotatot ao 16 samicelrammx notokor. HMx kommye-
CTBO MOKET GbITh GOALIITAM, HO B 3TOM CJIVHAE HEKOTOPLIC HOTOKM SYAYT BpeMEHHO GOKMpO-
BaThcA. HHCIO 32MUCBIBAKIINX [HOTOKOB 3aJ4CTCA B KOHCTRYKTOPE, HO JHIOIB B OTAELTBHEBIX.
CAYIAAX OHO OYVAeT IPeBbilnaTs 16,

PaccMaTpHBaeMBbIC 37€Ch HAGOPH! AAHHBIX MCTIOAB3YIOT CIICLMAIBHBIC ANTOPUTMBI, TIO-
3BOAIONIME MIOEKATL OIOKHPOBAHHA Beel TAGAHIB H MHHHMH3HPOBATE KOHQIUKTHI, 10~
ITYCKas1 O,I[HOBpeMEHHhIﬁ ,&OCT’YH K Pa3uYHBIM Y4CTAM CTPYKTYPBI. Z[ElHHbIE Haéopm apen-
CTABAHIOT b0 coaracosanive wmepamopre: (weakly consistent iterator). Dro o3xavaer, 910
HTEPATOPLI He ODA3ATENBHO OTPANKANT BCe MAMEHEHHS, BBIIOIHEHHBIE [I0CAE UX CO3/a-
HMsi, HO HUKOT/Ia HE BO3BPAIAIOT 3HAYeHHe ABAK/ABI M HE BbI3BIBAIOT HCKAIOUCHH.

B npotvBCNONOXHOCTL cnaBo cornacoaaHHaM UTEPAaTopaM, WTEPaTopbl M3 nakaTa
java.util MOryT reHepypoBaTk UCKAKYeHne ConcurrentMedificationException.
3TO NPOVCXCANUT, eck Habop AaHHbBIX MAMEHWIICA NOCAE CO34aHWMA UTepaTopa.

Knace ConcurrentHashMap COACPDKNT NOJACIHLIE METOARI, TPeHAZHAYNCHHDbIE AR
aTOMapHOTO BETIOYEHHA U yAailcHMs cBasci. Merox putIfAbsent () moGaBadeT HOBYIO
CBA3L B TOM CAYI3€, €CAH PaHet OHA OTCYTCTBOBAIZ. DTO MCHOABLIVETCS NPH OODANEHHH
HECKOJIBKMX NOTOKOB K K2Uly H II03BOJAET YOEAUTBCH, UTO TOJBKO OJHH HOTOK A0OABHI
B K310 HOBbII MyHKT.

cache.putIfibsent {key, wvalue); . N

IMporusonoao:ikan onepanus — remove (} (el Goablle NOJOULTIO 6B UMA remove-
IfPresent ()} IlpuBeaeHHkl HIXe BH30B ABTOMATHYECKH YAAISET ELIOY, ECTH TOT IIPH-
CYTCTBYET.

cache . remove (key, value) ;

%1 HAKOHCI] CJIC,[[YIOIHHﬁ BBI30B ABTOMATHYECKH 3aMeNaeT CTAP0OE 3HAYCHHE HOBBIM IIDH
YCJIOBHHU, YTO CTAPOE 3HAUCHHE CBASAHO € YKA3AHHBIM KAI0OY0M.

cache.replace(key, oldValue, newValue};

rrent.ConcurrentLinkedQueue<E> 5.0

¢ (ConcurrentLinkedQueus<E> ()

CozjaeT HEGIOKUPYIOTIYI) OUEPEih HEOTPAHHUESHHOID 0FbEMA, K KOTOPOH MOXKHO
OCYIECTRITE Ge30HACHOE OB PANTIEHNE 13 HECKOABKAX MOTOKOB.
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t conéﬁ*rféntHaShMapéK

53 VsT5S

—— |
-
-
L ]

ConcurrentHashMap<K, V> ()

ConcurrentHashMap<K, V>(int initialCapacity)

ConcurrentHashMap<K, Vs> (int initialCapacity, flecat loadFactor,
int concurrencylLevel) ‘

Cosjaer xam-TabauIy, K KOTOPOH MOMXHO OCYIIECTBHTE GesonacHoe obpameHne us

HECKOJIBKUX [IOTOKOB.

Hapamempr: initialCapacity  Hawatembrt oGbem maGopa. Tlo ymoruanmo
) OPUHHMAECTCA 3HaYC¢HUE, paBHOE 16
loadFactor Ynpas/seT HaMEHEHHEM PasMepd: eciH CReRHAL
3Arpy3Ka sUeHKI NPeBBIIACT JAHHOE 3HAUECHUCE,
pasmep Tabaunl HaMeHseTcst. 110 ymonanimo
npUHNMaeTca 3Hagenne, pagroe 0.75

concurrencyLevel [TpuSIusuTelbHOe YMCIO OMHOBPEMEHHO 06
PAIAIOIEMXCA 3AINMCLIBRIOMEK TOTOKOB

¢ V putIfabsent (K key, V value)
Ecxit KiTI0Y OTCYTCTBYET, METOJL CBA3LIBAET JHAUEHUE C KEOUOM M BOaBpanaer null,
B NPOTHBHOM CIY4ae BO3BPAIIAET SHAUCHHE, CBA3AHHOC C CYIIECTRYIOIMNUM KAXOYOM.

* boolean remove (K key, V value)
Ecnu oy yixe CRA3AH ¢ YKASAHHBIM 3HAYCHHCM, METO YAATAET KoY H 3HAUCHHE K
BO3Bpaiaer true. B npoTUBHOM Cliydae Bo3BpamaeT false,

¢ boclean replace(K key, V oldvalue, V newValue)
Ecmm yKasaHHmﬁ K09 cBA3aH ¢ oldValue, OH cBf3nBacTCd ¢ newvValue. B po-
THBHOM CJIy4ae BO3BpaniacTcd sHadeHne false.

Maccugsi, konufryemvie npu sanucu

Knacewr CopyOnWriteArraylList u CopyOnWriteArraySet npejacTaBasioT cofoil
HaboPBl JaHHBIX, JoIyckatonne He3onacHyn paboTy HeCKOAbBKNX noTokoB. Ilpn mx mame-
HEHHH MPOMCXOANT KOIKPOBaHHe $a30BOr0 MAccuBa, Takoe moBejeHue OIPaBIaH0 B TOM
CIyYae, KOrkga 4ucio MOTOKOB, IPOCMATPUBAILMX JaHHRIE M3 HabOpa, HAMHOTO GoMbie,
HEM YHCIIO IOTOKOB, MOAMMDMIEPYIOWME X, CO3AaBaeMbIi HTEPATOP COAEPKUT CChIIKY Ha
TEKYIIUH maccus, Ecin Bnocre cTeny MacCcuis USMEHAETCH, HTEPATOP MO-TIPEXRHEMY CChLIa-
€TCS HA ¢rapblil MACCHB, HECMOTPS Ha TO YTO pealbHbli MACCUB, OTBETCTBEHHLIH 32 paboty
HaGopa, uaMeHwica B pesyrinTare cTapbie MTEPATOPHL NO-TIPEKHEMY TO3BOAAIGT obGpa-
MEAThCH K COTAACOBRAHHBIM AAHHBIM (KOTOpHIE, BIPOYEM, MOTYT HECKOIBKO YCTAPETEH) M
CHMHXDOHM3AINS He TpebyeTcs. “

Cmapeie nabopu: dannvix, obecnevueaomue pabomy c nomoxamu

Eme 8 JDK 1.0 xnaccel Vector u Hashtable peais3oBbiBad AUHAMUYECKHI Maccue U
XBUI-TAGIMLY, HPUTOIHLIE 1A paboTh ¢ Heckoapkumu moToxkamu. B JDK 1.2 st xnacce: Geu1n
o0bARTEHE YCTAPEBUIMMY B 3aMeHeHs! Ha ArrayList v HashMap. lanHsie KAaccnl He obec-
NEeIUBAIOT BEIOTRACHYIO PaboTy € TOTOKAMH, BMecTo 5Toro B G1GIMOTEKE MOABHINCE ATILFEp-
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HATYBHBIC CPeACTBA. Kauplél Kiace Habopa JaHHBIX MOXKET ObITh Ha-:'rpdeu A PaboThi ¢ TIo-
TOKZMH € TIOMOINLIO cunxporusupyrouteii oforouxu (synchronization wrapper}.
List synchArraylist = i

Collections.gynchronizedlist (new ArrayList());
Map synchHashMap = Collections.synchronizedMap (new HashMap{()};

MeToabl NONYUeHHBIX HAGOPOR 3aUINAITC NocpeacTeoM Grokuponiy, OJHaKko, ecan
BLI XOTHUTE OPTAHW3OBATH HTEPATHBHYK PaGoTy ¢ HaBopoM, BaM noTpebyerca CHHXPOHH-
3HPOBAHHBIN GJI0K.

synchronized (synchHashMap)

Iterator iter = synch.Hash.Map keySet () .iterator();
while {(iter. hasNext(}) . . .;

Hannpie 060a0uky Solee nORpoduo paccMATPUBAIOTCS B 1Iase 2.

Knaccwr Callable u Future

O6bexT Runnable WHKaNCyJMPYET 3aJavy, BRIMOAHAIONYIOCA ACHHXPOHHO. Pemenue
TAKOH 3AAaUN MOKHO PACCMATPUBATE KAK PaboTy acHXPOHHOTO METOAA, AL KOTOPOTO OT-
CYTCTBYIOT ApaMeTphl H BO3BpaillacMoe 3Hauenne. Kiaacc Callable moxox ma Runnable,
HO OH Ro3BpamaeT 3navenue. Murepdeiic Callable gpagercd TUNMIKPORAHHELIM, B HEM
o6bABIeH EAHHCTBEHHEIH METOS.

public interface Callable<Va>

V call{} throws Exception;

[MapameTp THDAa oONpefeiseT TUN  BO3BpAHIaeMOrc  3HAYeHHA. Hanpuwmep,
Callable<Integers> OpescTaBiaseT aCHHXPOHHBIE BEIYHCAEHHS, PE3VABTATOM KOTOPBIX
spAseTcs 00LexT Integer.

O61exT Future XpaHHT PeayAbTaThl ACHHXPOHHDIX BEIUHCIeHHA. OH HCTTOML3YeTCA B TOM
CIyyae, ec/M Halo HA4YaTh BLIYHCICHWS, MPEAOCTABUTL PE3VJIBTATHL KOMy-THO0 H “3a6bITH”
o nux. Baagener 06bexta Fut Ure MOKET IOAYUUTH JAHHbIE, KOTAA OHU GYIyT FOTOBBI.

PaccmoTpamM MeToabl, 0ObARACHEBIE B HHTEPheice Future.

public interface Future<Vs

V get{) throws . . .;

V get{long timeout, TimeUnit unit) throws . . .;
void cancel (boolean mayInterrupt) ;

boolean isCancelled(] ;

boolean isDone () ;

Obpamenne x neppoMmy Meredy get () Gaokmpyer paGoTy noToka J0 OKOHYAHHS
BhIMRCAEHH. BTopofl Meron get () aeficTByeT HECKOJIBKO CiOMHee. EcaH BhIMUCICHHA
He OKAHUYHBAIOTCA M0 MCTEYeHMS VKA3aHHOTO BpPEMEHH, TEHEPHPYETCH HCKIIOYEHUE
TimecutException. EcH MOTOK, BRIIONHAIOMMH BRIMHCICHNSA, OPpEPLIBALTCH, 06a METO-
JIa reHepHPYIOT HCxmodeHue InterruptedException. EcaM BeI9HCICHHS yaKe 3aKOHYE-
HBI, METOA get () HEMEIICHHO BO3BPAINACT YINPABICHHE,

i
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Meton isDone {) Bosppamaer false, eci BBIMHCACHNAA TPOAOIXAIOTCA, K true, eciu
OHH OKOHYCHbI,

Hpn HeoOXOXRMOCTH Bl MOJKETE OTKAZATECH OT BBIYMCACHHI, BEIZBaB MeTo cancel ().
cnu BBIYMCIEHHA elle He HAYaThl, OHI HHUKOTJA HE HAYHYTCA. ECIM e OHH yXe BBIIOJ-
HAKTCH, TO MPEPBIBAIOTCE B TOM CAYYae, KOTAA NapaMeTp may Interrupt paseH true.

Kinacc oonoukn FutureTask mpeacrapiser coboll yRoOHbIN MexXanuaM, npespamaio-
mit Callable u B Future u B Runnable — or peamsyeT oba uHTepdeiica. [Tpumep nc-
HOJIB30BAHHA JAHHOIO KJIACCa IPUBEICH HIUKE,

Callable<Integer> myComputation = . . .;

FutureTask<Integer> task = new FutureTask<Integer>(myComputation);
Thread t = new Thread({task); // Bucrtynaer B pos Runnable

t.start () ;

Integer result = task.get(); // BucTynaer B poyxm Future

[IporpamMma, ko KOTOPOM MIpeACTaBNeH B AMCTUHTe 1.7, MCIIOIB3YeT ONMMCAHHBLA BbIIE
noaxox. OHa MOX0Ka Ha IPEABLIAYIIR NPUMEDP, B KOTOPOM IOMCK BBITIQIHACTCS 1O KIOYE-
BoMy croBy. Oznako cefivac Mbl SyaeM AHMEL MOACYMTBIBATE YHCIO PalIOB, YIOBIETRO-
paOmEX Kputepuio noucka. Taxum o6pasoM, 3aaua 6yAeT PEINAThCE A0BOJLHO JIHTENE:
HOE BpeMH | 4§ B03BpalllaTI: ITEAOTHCJACHHOEC 3HAYEHHE, Z[eMOHCTpprH HCIIONBIOBAHKE
Callable<Integers,

class MatchCounter implements Callable<Integer:

{

public MatchCounter (File directory, String keyword: { . . . }
public Integer ¢all() { . . . } // Bosepamaer u=ucrc daitnos,
i // YOOBASTBOPAKWMX KPUATEPMI

Ha ocuoBbe o6bekTa MatchCounter Mel KOHCTPYHMpyeM OGBEXT FutureTask M c-
NIOJTE3YEM €IO JJif 3aIyCKa MOTOKA.
FutureTask<Integers> task = new FutureTask<Integer={counter);

Thread t = new Thread({task);
t.start (};

Ilocne aToro MBI BEIBOAHM Pe3yIbTaT.
System.out.println(task.get () + " matching files.");

OueBUAHO, YTO BEIZOB get (} NpHOCTAHOBHT paboTy A0 TEX IOP, IMOKA PEe3YALTATHl
HE OYAyT Ir'OTOBBIL

B meToge call () MBI PEKYPCMBHO HCIOAb3YCM ONMCAHHBIA MeXaHuaM. A Kaxkioro
HOZKATANOrA CO3/aeTcsa HOBBIA o0bekT MatchCounter u sanyckaeTcs moTok. O6bexTh
FutureTask HakamIMBAIOTCA B MaccHBe ArrayList<Future<Integers>>. B koHne Bce
Pe3yABTATHI CKIaAbIBAIOTCA.

for (Future<Integer> result : results)
count += result.get();

Kaxaeiii Buizos MeTosa get () GIoKMpyeTea A0 FOTOBHOCTH pesyapraToB. ITockoabky
MOTOKH BBINOJHAIOTCA MAPANTCABHO, BEPOATHEE BCETO, YTO AAR IONYyUEeHHH PE3yAbTATOB
paGoThI KBKAOTo N0ToKa HOoTpebyeTes NPHGIN3NTEIBHO OJMHAKOBOE BpeMs.
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Jeerunr 1.7, Cogepxumoe ¢aiina FutureTest . java

import java.io.*;
import java.util.»*;
import java.util.concurrent.*;

public class FutureTest -~

public static void main{(Stringl[] args)
{
Scanner in = new Scanner {System.in);
System.out,print (
"Enter base dirsctory (e.g. /usr/local/jdk5.0/src): ");
String directory = in.nextLine() ;
System.out .print ("Enter keyword {e.g. volatile): ");
String keyword = in.nextLine();

MatchCounter counter = new

MatchCounter {(new File(directory), keyword);
FutureTask<Integer> task = new FutureTask<Integers (counterj ;
Thread t = new Thread({task};
t.start () ;
t{:ry

System.out.printlin{task.get () + " matching files."};

catch {ExecutionException e)

{

e.printStackTrace (};, -

!
catch (InterruptedException e) {}
/**
NoncueT $ainoB, HAXODSIMXCS B KaTayjcere M ero NONKATANOTaX
- M CouepRAMK YKABAHHOS KIKNMSBOS CIOBO.
*/

class MatchCounter implements Callable<Integers

/**
Korcrpyxrop MatchCounter.
@param directory KaTalor, C KOTOPOTO HadMHAETCA NOUCK
@param keyword Kmouesoe CIOBO
*/
public MatchCounter (File directory, String keyward)
{
this.directory = directory;
this.keyword = keyword;

public Integer call()
count = 0;

try

{
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File[] files = directory.listFiles({);
ArrayList<Future<Integers> results =
new ArrayList<Future<integer>x>();.

for (File file : files)
if (file.isDirectory()})

MatchCounter counter = new
MatchCounter (file, keyword);

FutureTask<Integers> task = new
FutureTask<Integers {counter) ;

results.add{task) ;

Thread t = new Thread(tazk);

t.start (};

}

alge

{
I

for {(Future<Integer> result :-results)
try
{

if (search{file)} count++;

count += result.get{);

catch (ExecutionException e)

{

e.printStackTrace();

catch (InterruptedException e} {}
return count;

/**
[ToMCK KINUEBOTO CIOBa E dase.
@param file dafin, B KOTOPOM OCYWECTBIASTCA MOMCK
@return true, ecn Qann COISPAMT KIKKMEBOe CIOBO
*/

public boolean search(File file)

try

{

Scanner in = new Scanner (new FilelInputStream(file));

boolean found = false;
while (ifound && in.hasNextLine (})

{

String line = in.nextLine();
if {line.contains (keyword)) found = true;

in.closgse();
return found;

catch (ICException e)

{

return false;

89
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}

private File directory;
private String keyword;
private int count;

il dava.util. concu_r_r‘ent'. Callable<V> 5.

o V call(}
Sanyckaer 3ajaty, KOTopad MPEeAOCTABASET PE3yALTAT.

T R S W\\"%W 2R
~concurrent .Futore<Vs'5,

e V get()

* V get(long time, TimeUnit unit)
INpepocTapasgeTr pesynbTat, IPHIEM BRIITOJHEHHE GIOKHPYETCA A0 €ro TOTOBHOCTH
HAH A0 UCTCYEHHS YKa3aHHOTQ MHTEPBaNta BpeMeH. Bropoii BapuanT MeTola B CIy-
yae HeyJadu reHepHpyeT uckmodeHne TimeoutException.

* Dboolean cancel (boclean mayInterrupt)
I[IprTaeTcs OTMEHMTD BEITOTHEHME 3afaun. Ecin 3a7aua yxe 3allylneHa M 3HAYeHHe
napaMeTpa maylInterrupt paeso true, ona npepeiBaetca. Eciun ormena sapauwn
NPOU3OILAA YCICIIHO, METOA BO3BPAIIACT 3HAYCHUE true.

¢ bhoolean isCancelledl{)
Boaspamaer aHaueHUe true, ecd 3a/iada Shita OTMEHEHA /IO 3aBE PIIeHH .

¢ boolean isDone(}
Bosspamaer smaveHue true, €M 3ajada Oblla 3aBEPIIEHA, YCHENIHO OTMEHEHZ,
JNB0 €CAM B NIPOLECCE €€ PEINeHUA BOSHUKIO HCKIIOYeHKE,

o

ari| Jjava.util.concurrent, FutureTask«<V> 5.0,

¢ FutureTask({Callable<V> task)
¢ FPFutureTask {Runnable task, V result)
Cosgaer ofpexT, pearuaylonuii kak Future<Vs>, Tak 1 Runnable.

Knacc Executors

PopMHpOBaHKE HOBOTO NOTOKA APEANOJAracT B3IaUMOAEHCTBHE C OTlepalloOHHON cHe-
TEMOM, MOPTOMY A/ HEKOTOPBIX 33jau 3ATPATB! [0 CO3JAAHHE IIOTOKA MOTYT OKa3aTbes
cammkoM ek, Eciu B nporpamMe 3anciicTsoBaHO GOJIBIIOE KOAMYECTBO HOTOKOB C KO-
POTKMM “BPEMCHEM SKH3HH®, HeJecoofpasHo HCMOAB30BaTh nys nomokoe (thread pool).
B 1ryne copepxarcs MOTOKH, KOTOPBIC B JaHHLIA MOMEHT 6e3nefCTBYIOT, HO FOTOBBI K BB
HOAHEHHIO, B myn noMemaoTcd o6heKkTsl Runnable, 1 0JUH U3 OTOKOB BHI3EIBACT METOJ
run (). INocre Toro kak MeTOR run () 3aBepIuaeTCs, NOTOK HE YAAINETCH, 4 OCTAETCH B CO-
CTOSHUH TOTOBHOCTH K BBITIOJHEHHIO CAEAYIONIETO 3aIIPOCa.

Ilya TakKe MOXKET IPHMEHATHCS JUIA YMEHBIIEHH YHCIA OJHOBPEMEHHO BBHITIOIHAL-
HIMXCH HOTOKOB. BoJbioe KOAMYecTBO II0TOKOB MOKET CYIIECTBEHHO CHH3HTEL MPOH3BOIH-
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TeABHOCTD IPOTPaMMbl M AZKE PaspPylIMTh BUPTYAIBHYIO MAIIWHY. Ecam sam aaropntM
npeAnoaaraeT CO3AaHHE 3HAYMTEIbHOIO YHCAA TMOTOKOB, EAECOO0PAIHO HCIOAb3OBATh
“puKcHpoBaHHbIi” Ny, KOTOPBIM OTPaHMYHT KOJIMYECTBO OAHOBPEMEHHO PabOTAKIIMX
HOTOKOB.

Knace Executors cOAepKUT paj) CTATHYCCKMX METOZOB, NPEAHABHAYEHHBIX JUIL CO3-

HAaHWA YJI0B NOTOKOB, Mugopmanua 00 5THX METOJaX IPHBCICHA B Tabur 1.2,

TaGauna 1.2. MeToasl k1acca Executors

Merox Omacanme

newlachedThreadPool HoRBnbl€e MOTOKH COBARIOTCS IO MEPe HEOGXOANMO-
cTy; Ge3feHCTEYIOMUE NOTOKU COXPAHSIOTCS B Te-
uenne 60 cexynn

newFixedThreadbPool [Tyn comepxuT GUKCHPOBAHHDIN HaGOp 110TOKOB;
GeapneliCcTRYIONNE IIOTOKHM COXPAHAIOTCSA HEOMPEAE-
JECHHO A0JI0 ‘

newSingleThreadExecutor “Tlyx” ¢ OAHUM DOTOKOM, KOTOPBIH OCACAOBATEND
HO BBITIOAHAET 3A%A4H

newScheduledThreadPool ITyn ¢ pUKCHPOBAHHBIM YHCIOM DOTOKOR, JIoTTyC-
KAOIMI 3ayck 34134 110 rpaguKy

newSingleThreadScheduledExecutor “Ilya” ¢ OAHUM [IOTOKOM, AOIYCKADIIHANA 3AITYCK 3a-
A1a¥ TIO Tpag Ky

IHyant nomoxos

PaccMoTpuM nepBbie TPH MeTOa 13 Ta6a. 1.2 (OCTampHBIC OGCYRAAIOTCS HECKOIBKO
noaxe). Meron newCachedThreadPool () cosaaer noya IOTOKOB, HEMCAIEHHO BbITOM-
HAWHHA KOKTYIO 3a8a9y; IPH 3TOM HMCTIONB3YIOTCA CyIecTByomme GeafelficTRyionue 1noTo-
KM, & €CIU MX He XBATaeT, Co3AawTca HoBbie. MeTon newFixedThreadPool () coszaer
IIyJ MIOTOKOR (PHKCHPOBAHHOIO pasMepa. Eciu 4HMeao 3342y rpenbiNaeT KOAHIeCTBO Ges-
A€HCTBYIOMHX NOTOKOB, TO €INe He OBCIYKEHHBIE 3a1au CIaBATCcA B ouepeab. OHU 3anyc-
KalOTCA 110 3aBEplicHMH APYrux 3agay. MeTox newSingleThreadExecutor () cosgaer
BBIDOKACHHEIN Ny, COAEPKANINN TOABKO OFMH NOTOK; 3aJaYH BBITOTIHIIOTCA OAHA 34 IpYy-
rofi. Kaxnslii M3 paccMOTPCHHBIX TPEX METOZOB BOJBDAILACT SKIEMIULIP KJracca
ThreadPoolExecutor, pealusyolrero uHTepgeiic ExecutorService.

Ans neepravu o6pexta Runnable mmi Callable 06"I)CI{Ty ExecuborService MOXKHO
HCNOJIB30BATh OJHH U3 TPEX METO/IOB.

Future<?> submit (Runnable task)
Future<T> submit (Runnable task, T result}
Future<T> submit{(Callable<T> task)

[Iyn BBHIIOAHUT NOCTABAEHHYIO 33734y NPH NEPBOil BOBMOXKHOCTH. ECAM BEL BHI3OBETE
meTon submit {), To TOTYYHUTE 06bekT Future, ¢ moMolnn KOTOPOFO MOMKHO 3alIPOCHTD
COCTOSAHHE 33AAYH.

[MepBL1if 13 TepeurcACHHBIX BBIIE METOA0B submit () Bo3Bpam@aeT oGeekT Future«?s,
KOTOPLIM HA IEPBBIA B3IV KAMETCH HECKONBKO CrpaHHbBIM. G NOMOIBIO 3TOrC. 0OBCKTA
MOJKHO BBI3BATE MeTof 1sDone (), cancel () wmn igCancelled (). Oagaxo merog get ()
BO3BPAIIAET NOC/IE ABEPINEHIA paGoTLl TUIbL 3HaYeHMe null.

Bropoii sapuarT MeToza submit {) raxke mepegaet nmyay ofbekT Runnable, a Bo3-
BPAIAEMEIH 00BEKT FutUure IPeKOCTARIIET PEIYALTATHI PaGOThL
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Tpertnii BapuanT MeTOAa submit () mepemaer Callable m posppamaer Future npe-
JOCTABAAOWMH Pe3YALTATH BLITIONHEHMA 3a0A9H.

3apepuB paboTy € NyJIOM, CAEAYET BLI3BATh MeTo  shutdown (). ITOT METOA MHMITUU-
PYET HOCIEN0BATCALHOCTE 3dBEPINCHIA Ty, JaRePIIARIIHNACA YN He IPHHHMACT HOBBIX
3agay. [lo Mepe BRITOAHEHHS TEKYIIUX 3a4ad DOoToKH yaarawoTrcd. ITomumoe shutdown (),
TIpeAycMOTPEH Takke MeTon shutdownNow (). Hpﬂ BbI30BE 3TOr0 METOAA IYJ OTMEHSAET
3371a4M, BLITIOJIHEHME KOTOPBIX €le HE HA4al0Ch, U NPEXNPUHHMAET HOMNBITKY MPEPBATE
paboTamMe HOTOKH.

Hike nepeuncaennl JeHCTBIA, KOTOPLIEC HEOOXOMIMO BEITONHUTE M1l HCIOIb3OBAHMSI

yna.

1. BrizosuTe craTudeckrii  meron newCachedThreadPool () WIM  MeTOL
newFixedThreadPool () xkaacca Executors.

2. BrmrzopamTe MeToa submit (), uTo6el Hepeaars 00BbeKT Runnable wiu Callable.

3. Ecau BB nepenanu o6bvext Callable aM60 XOTUTE MMETh BO3MOKHOCTL OTMEHHTD
BBITIONHCHHE 304491, COXPaHATE CCHIAKY Ha BO3BPAEHHLIH 06beKT Future.

4. Ilo oxoHYaH#H PaboThI ¢ NYAOM BLI3OBUTE MeTo) shutdown ().

B npegsiiymem TpHMepe CO3TARANOCL GOJBIIOE KOAMUECTRO TIOTOKOB (TI0 OJHOMY Ha
KaXKABIA KaTanor), KOTOPLIE CYyHIeCTBOBAAN OTHOCHTENBHO Hejpoaro, llporpamma, xod ko-
TOpoii IpuBejeH B AUCTHHTE 1.8, ncmonsayer npy paGoTe Myl NOTOKOR,

B npouecce paboTh! IPOrpaMMa BEIBOAUT HaUOOipIIEH pasmep nyaa. IocpeacTeom mn-
Tepeiica ExecutorService panHas wadopmanHa HegocTynHa., Urobsl moayauths ce,
HYKHO [PHBECTH 00beXT nyaa k Tuny ThreadPoolExecutor,

Juctunr 1.8. Cogepaxumoe daiina ThreadPoolTest.java

import java.ic.*;
import java.util.*;
import java.util.concurrent.*;

public class ThreadPoclTest

{

public static void main(String[] args) throws Exception

Scanner in = new Scanner (System.in);
System.out .print (

"Enter base directory {e.g. /usr/local/jdk5.0/src): ");
String directory = in.nextLine(};
System.out.print ("Enter keyword (e.g. volatile): ");
String keyword = in.nextLine();

ExecutorService pool = Executors.newCachedThreadPool {};
MatchCounter counter = new

MatchCounter (new File(directory), kevword, pool);
Future<Integer> result = pool.submit (counter);

try
{

}

System.out .printin{resulit.get () + * matching files.");
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catch (ExecutionException e}

{

e.printStackTrace (};

catch (InterruptedException e) {}
pool . shutdown () ;

int largestPoolSize =
{ {(ThreadPoolExecutor) pocl).getlargestPoolSize () ;
System.out .println("largest pool gize=" + largestPoolSize);

/**
MoncueT (aRNCcB, HAXOOALMAXCA B KaTajlore M ero NOIKATANIOTraxX,
colepXalmny YKABAHHOS KINUeBoe CJIOBO.

*/

class MatchCounter implements Callable<Integers

/**
KoHncrpyxTop MatchCounter.
@param directory KaTanor, € KOTOROTO HAYMHAETCA [NOMCK
@param keyword Knoueeoe CIOBC
@param pool [lys NOTOKOER, KOTOPOMY NEepPenalnTCa Non3andadu
*
/
public MatchCounter (File directery, String keyword,
{ ExecutorService pcol)

this.directory = directory;
this.keyword = keyword;
this.pocl = pocl; :

}

public Integer call()

i B
count = 0;
try

File[l files = directory.listFiles{);
ArrayLigt«<Future<Integers>> results = new
ArrayList<Future«<Integer>=>();

for (File file : files)
if (file.isDirectory())
{
MatchCounter counter = new ]
MatchCounter (file, keyword, pool);
Future<Integer> result = pocl.submit {counter);
results.add (result);

}

else

{
}

for (Future<Integers> result : resulte)

if (search(file}) count++;
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try
count += result.get{);

catch (ExecutionException e)

{

e.printStackTrace();

}

catch (InterruptedException e) {}
return count;

}
/**

MToucx WIKYEBOI'C COBA B Odatine.

@param file @ain, 5 XOTOPOM OCYHMIECTBEIASTCA HOMCK
@return true, ecsm dpain comepHUT KINIOYEBOS CJHOBO
*/ .

public boolean search({File file)

try

{

Scanner in = new Scanner (new FileInputStream(file});
boolean found = false;
while {!found && in.hasNextLine ()}

String line = in.nextLine(};
if {line.contains {keyword)) found = true;

in.close(); .
return found;

catch (ICException e)

return false;

)

private File directory;
private String keyword;
private ExecutorService pool;
private int count;

}

“P1l java.util.conciirrent.Executors 5.

* ExecutorService newCachedThreadPool ()

BOBBP&I.L{B.C‘T OyAa MOTOKGB, B KOTOPOM IIOTOKH coa,uaio*rcs no Mepe HCOﬁXOﬂHMOCTH

U YEARSIOTCH, ecnu deaneRoreyior Sonee 60 cexyup.
¢ ExecutorService newFixedThreadPoel (int threads)
Boaepamaer nya, cogepxamuii 3agaHnoe YHACI0 IOTOKOB.

¢ ExecutorService newSingleThreadExecutor ()

BOSBP&H.(&ET 1y, B KOTOPOM 334a49H BBIIIONHAIOTCHA HOCACAOBATCIBHO OJHUM [IOTOKOM,
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java. util. concurreiii: ExecutorServ:Lce 5 Q.

Future<T> sgsubmit (Callable«Ts tagk)
Future«<T> submit (Runnable task, T result)
Future<?> gubmit (Runnable task)

HepeﬂaeT YKQ3aHHYIO 381a49y Ha BBIIIOJHEHNE.

void shutdown()

3apeprraer padoTy cayxOBl, OKAHYHBAA BBIIOTHEHHC YKE NPHHATBIX 33144, HO HE
[PHHUMAS HOBBIX,

urrent.Threzdbool Executor 5.0

int getlargestPoolSize ()
BoappamaeT sanboasumnii pasMep myaa, JOCTUTHYTHIH B IIpoliecce €ro paboTel.

Boinosnenue sadav no ehaguwy

B uurepdeiice ScheduledExecutorService onpeieaesbl METOAB! JIISI BBIIOTHEHHS
33/1a4 11O MIAHY WK J14 BOBTOPHOTO BX 3anycka. JaHHeE unTepdeic MOKHO paccMaTpy-
path Kak 060bmenue java.util.Timer. Meroner newScheduledThreadPocol{) u
newSingleThreadScheduledExecutor ()} kracca Executors BO3BpALAKT OGBEKTEL,
peanndyioiie uNTepdeiic ScheduledExecutorsService.

Bel MOKETE CIUTAHMPOBATh OZHOKPATHEIN 3amyck Runnable umu Callable mocne 3a-
BEPIKKU TMG0 33TATh NCPROANMUECKOE BRITIoMHeHre Runnable. '

A1l

|

API|!

java.util.concurrent.Executors 5.0

ScheduledExecutorService newScheduledThreadPool (int threads)
Bozspamaer nya, B XOTOPOM LIS IAAHEPYEMOTO BBINOIHECHUA 33134 HCHOAbIYETCH
YKa3aHHOe 9HC/I0 TOTOKOB,

ScheduledExecutorService newSingleThresadScheduledExecutor {)
BoanpawaeT 1yA, 5 KOTOPOM TIAHUPYEMOE BRITIOAHEHUE 3ajad NPOUIBOAUTCA Of
HUM TIOTOKOM.

java.util.concurrent. Schedul%%% HeRLEE "

ScheduledFuture<V> schedule (Callable<V> task, lcng time,
TimeUnit unit)
ScheduledFuture«<?> schedule (Runnable task, leong time,

TimeUnit unit)
TlranMpyeT BRUTOAHEHUE VKABAHHON 3afadH MO UCTEHeHHH 3aJaHHOTO HHTEPRAIA
BpPEMCHIL
ScheduledFuture<?> scheduleAtFixedRate (Runnable task,

long initialDelay, long periocd, TimeUnit unit)
ITnanupyer nepuoguyeckoe BhIOAHREHAS 3afa4uu. [Tocie HavanpHOH 3aaepxKe 3a-
Jada BAMMYCKAETCH YePe3 YKA3AHHLIA HRTEPBAI BpeMeHu period.
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¢ ScheduledFuture<?> gcheduleWithFixedDelay (Runnable task,
long initialDelay, long delay, TimeUnit unit)
IlnanupyeT nepHOARYECKOe BRINOAHEHHE 3aiadn. Ilocre maganbHOR 3a1€PXEN 3a-
2242 NEPHOAMYECKH JAYCKACTCA TaK, YT0 MENY OROHUAHIEM e€ TPeAblIyllero Bhl-
TIOJHEHMA 1 HAUAIOM CASAYIOMETO NPoXoAnT Bpema delay.

Ynpaeaenue epynnamu nomoxos

Kax ®blI Temepe 3HaeTe, MY IOTOKOR MO3ROAAET MOBBICHTL HPPEKTHBHOCTD PAGOTHI
nporpaMysl. Ho B HEKOTOPBIX caydaax kracce EXecutors NpUMeHAeTcd JUINE JJIf TOTo,
9TOOB! OPTAHH30BATE YIIPABICHHUE FPYNIIaMH CXOAHBIX 3a3fad. Tak, HapHMep, BLl MOXCTe
OTMEHMTD BCE 333a9H, phi3nap MeTod shutdownMNow ().

Mertoa invokeAny () mepezacet myay Bee ohbekTel Callable u3 Habopa A BoaBpamaeT
Pe3yAbTAT BRIIONHEHHON 3agaun. TIpudem Heu3BECTHO, KAKAs MMEHHO 5TO 3a]a4a; BEPOHT-
Hee BCETO Ta, KOTOPas 3aRepUIMNACh ObIcTpee ApyruX. JaHusapIH MeTo] MOMHO HCIOIL30-
BaTh IS MOHCKA, TP KOTOPOM BAC YCTpaHBaer JI0G0H pesyapTar. [1pealonoxumM, Haapu-
MEp, YTO BaM HYKHO HAHTH GIUH U3 MEOXKHTEIEH — GOABIIOE HeAce YUCHo (IToJ00HbIe BEI-
YMCIEHHA NPOBOAATCA AnA pacuingposky koxa RSA). Bel MoKeTe 3ayCTHTBE HECKONBKO
3agad, KAKAAA H3 KOTOPBIX POBERAET YN U3 ONPEASNCHHOT0 Hana3oHa, Kak ToNbKO
[OAYYEH CAUH OTBET, BCE BLIMHCIEHHSA MOXKHO TIPEKPANIAT.

Merop invokeall {) nepeaaer nyay sce o6bexTh Callable ua Habopa 1 BO3BpaIHACT
CTIHCOK OBBEKTOB Future, NPeACTABAMIONINX PELICHMS BCEX 3a4a4. [ OTOBBIEC PESYALTATEI
MOKHO OOBEIUHHTE, HAIPHMED, CAEAYIOMINM OGpA3oM.

' Arraylist<Callable<Integers> tasks = . . .;
List<Future<Integers> results = executor.invokeall (tasks):
for (Future<Integers> result : results)

count += result.get{);

HegpocraTkoM gJaHHOTO NOAX0AA ABAACTCA HEONMPABIAHHO JOJATOE OXHIAHHMCE B CAydae,
€CHM BBINOJAHCHUE NTEPBROI 3ajaun 3aliMeT JUTeARHOE BpeMs. PazyMHee HOTYYaTh Pesy.ib-
TaThl B TOM HOPAAKE, B KOTOPOM OHM OKazbIBAIOTCS JOCTYIHEL JIS 3TOTO MONKHO HCIONb-
30BaTk Kiadcc ExecutorCompletionService.

Coapajite o0bexT Executors OOGBYHEIM CHOC0OoM. 34aTeM BBIZOBUTE KOHCTDYKTOP
" ExecutorCompleticonService. llepenaiire 3agaun nonyuenuoi cayxbe. OHa yuopasager
GNOKHPYIOME odepenblo, coAepameil 00bEKThl Fulbure, KOTOpbIE, B CBOIO QUEpPEib,
HPEACTABAAIOT PE3YABTATH BHITIONHEHMA 3aa4. TakuM obpasom, Gosee abpekTuRHAA pea-
JH3ANUA IPEeALIAYINEro NpHMepa GyAeT BBITIALET: TAK, KaK MTOKA3AHO HIDKE.

ExecutorCompletionService service = new
ExecutorCompletionService (executor) ;

for (Callable<Integer> task : tasks) service.submit (task);

for {int 1 = 0; 1 <« taks.size(); i++)}
count += gervice.take().get();

'Y

AP1] Java.util.concurrent.ExecutorService 5.

i

e T invokedny(Collection<Callable<T»>» tasks)

e T invokeAny(Collection<Callable«<T>» tasks, long timeout,
TimeUnit unit)
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3anyckaeT yKa3aHHbIE 3aJaYH W BO3BPAIACT PE3YABTATHI BHIIOJHEHMS ONHON 13
HHX. Bropoli BapuanT MeTroaa noxgepRuBaeT Takm-ayT. Ecoi pesyanTaTt He noaydeH
B TEUeHHe YKA3aHHOTO BPEMEHH, TeHEpHUPYeTCca ucKkiodeHte TimeoutException.
¢ List<Future<Ts>»> invokeaAll {(Collection<Callable«T>> tasks)
¢ List<Future<T:=» invokeAll (Collection<Callable<Ts» tasks,
long timeout, TimeUnit unit)
BrInonngeT ykasaHHBIC 3a049H M BO3BPAIIACT PE3YIbTaThl HX BRINOAHEHHMA, BTopoii
BAPHAHT METOAA NOAJEPKUBIACT TaHM-ayT, IO HCTCYIEHHH YKA3AHHOTO BPEMEHH
reHepHupyeTca ucnosenine Timeout Exception.

Eﬂ Jjava.util. concurrent )

i e A R PR T

. ExecutorCompletionService {Executor e}
Coapact obpexT ExecutorCompletionService, KoTophiil 06padaTeIBaCT pe3yih-
TATHI, HOJYYCHHBIE 33JAHHKM OOBCKTOM Executor.

s Future<T> submit{Callable«T> task)
s PFuture<Ts> gsubmit {Runnable task, T result)

[Tepenaer 3agady Ha BBIIOJHEHHE.

s Future<Ts> take ()
Yaanger ciaepyiolluid roTosbiil pesyiasrar. Eciap pesyipraThl eue He SOCTYIIHEL,
BhiNIOIHEHME TIPUOCTAHABAMBACTCH.

* Future<T> poll{)

¢ Future«<T> poll(long time, TimeUnit unit)
Yaanser creAyIOMUi TOTORLE peaynsTar. B pesyabTarnl emme He 1OCTYNHBL, BO3-
BpamaeT anauenne null. Bropo# sapuanT MeToda npeanosaraeT oxKWlaHue B Te
YEHHE YKAIAHHOI O BPEMEHH.

CHHXpPOHM3ATOPHI

B paxere java.util.concurrent COAEPKATCH KJIACCH, KOTOPLIC TTOMOTAIOT ypas-
19T HAGOpOM BIaMocHcTBYIOMNX NOoTOKOB (Tabn. 1.5). Mx MoxHo Hcnons3oBaTh B psze
CTAHAAPTHHIX TUIIOR BIAMMORCHCTBURA (10 OUpeAeNeHIA BRANMOACHCTBIE MEXKNY NOTOKY-
M MPHHATO HCIIOAB30BATE TEPMUH “pan/iesy” ). Ecan y Bac ecTs Habop B3anMMoaeHCTRYIO-
UMX HOTOKOB, HOBEJEHHE KOTOPBIX YKIAALIBACTCSH B HEKOTOPHIE mabgoHbI, BLI MOXKETe
IPUMEHHTE YK€ TOTOBLIH OMONAOTECYHLIA KIACC, BMECTO TOrO YTOOBI NBITATECH BRYUHYIO
peaan3oBaTh HCOGXOIIMYIO GIIOKHPOBKY.

Ta6mmma 1.3. CHEXpOHH3aTOPBI

Knacc HeHdcreusa Crryanus, B KOTOPO# odpaBaHo
HCIIOABIOBAHNE KJ1acca
CyclicBarrier Hagop noTokOB OmMIAET, NOK Koraa pesymhraThl MovyT Ouith
OHPCILCJICHHOC HX KOJIHYCCTBO HE HCIIONDL3OBAHBL JHIHL IIOCAE TCIO
JjocTurgeT ofmero Gapoepa. [lo- KaK OTIPEAEKCHHOE KONUMCCTRO

CHe ATOT0 BO3IMOMNHO BRITIOJHCHME JOTOKOB 3dBEPITHT BHINIOTHEHHE
AeNCTBYS, CBASAITHOTO C 6ap1>epom CBOWX 3alayd

v
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Oroweanue maba. 1.3

Krace HeticTBrA CuTryanus, B KOTOPOI opaBgaHo
HENOIB30BARNE KIACCA
CountDownLatch [toTokn 13 HaGopa OXUALIOT, HO- Koraa noTokd BRIHYXIEHBI Q3KH-
Ka 3HAYEHHE CUETYHKA HE CTaleTr AATh TOATOTOBKH HCXOAHBIX JAH-
PaBHBIM HYJIIO HBIX /1718 CBOeit paGoTh
synchronousQueue OnuMH DOTOK epefaeT oGbLeKT Korga neoxomumo nepegats
npyromy OGBEKT OT OZHOTO TIOTOKA JAPYTOMY
IO FOTOBHOCTH OBOHX IMOTOKOB
BBI[IOAHUTE TAKYIO IIEpERAYy
Semaphore Hafiop noToxos oxuaacT paspe- Korzxa HeoOX0AMMO OIPaBHYHTh
MEeHnH HA JATbHeHNIyIo paboTy obliee YHCHO TOTOKOB, HMEOMIHK
ZOCTYN K pecypcam. Ecan yneno
pa3pemiennii paBHO CAMHHIE, 110~
TOKH OCTAHABIHMBAIOT BLILIOIHE-
HUE O TEX TIOP, NUKA OT HEKOTO-
POTo ROTOKA HE OYAET MOAYYEHO
paspenienue
Kaacce CyclicBarrier

Kinace CyclicBarrier nojfep:upacT paMaeBy TOJ HaspaHuWeM fdapeep. PaccMoTpum
psfl MOTOKOR, KajkAbIH N3 KOTOPHIX BRIIOIHAET HEKOTOPYIO 4acTh Burauciaenuii, Korga sce
BEIYUCTENNS TPONABREIEHE], PE3YALTATH MOIYT OuITh 06beaunennl. Korpa noTtok 3asepita-
€T NOCTABJAEHHYIC IIEpE] HUM 3a3jady, oH noaxoint k Gaprepy. Ilocae Toro kak Gapbepa
AOCTHUralOT BCE MOTOKH, MX pafoTa MOKeT GBITh IPOJO/DKEHA,

Jna peanpsanuu noJo6HOro B3aMMOACHCTBHS B IEPBYIO OUEPENb HEOOXOIMMO CO3HATD
Gapbep, YKasaB YHCI0 IOTOKOB, '

CyclicBarrier barrier = new CyclicBarrier(nthreads);

Kaxbrii 1OTOK BEIIOIHAET CBOIO YaCTh PABOTHL, HOCKE Y0 BBISBIBACT METON awalt ()
Gapbepa.
public void run{)

doWork () ;

barrier.await () ;

Ipu BrIzoBE MeTOAA await () MokeT BLITh YKAIaHO 3HAYEHHE TaliM-ayTa.
barrier,await (100, TimeUnit.MILLISECONDS) ;

Fom xaxoft-mi6o ks NOTOKOB, HAXOALWAXCS B COCTOAHAN OKHUARMA, TTOKHAET Haphep,
Sapbep ARTOMATHYECKH PaspPymaTcs. (ITo MOXKET npOM3OHTY, €Il HPH BLIZOBE METORA
await{) ©bU1 yKasaH TaiiM-ayT Jub0 eCM MOTOK GBLT HpepBaH.) B sTOoM ciyuae MeTOA
await (} BCeX OCTAIBHPBIX IOTOKOB TEHEPHPYET HCKIKIeHUe BrokenBarrierException.
Bee IOTOKH, HAXOASIHECA B DEKIME ORMIAHMSA, BBIXOJAT U3 HETO HEMELICHHO.
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Ipy HEOOXOAHMMOCTH BRI MOMKETE 3aJATh HCOOASATEABHOE deficmsue Sapeepa (barrier
action), KOTOPOE BRITIOTHUTCSH, KOTAR BCE [TIOTOKH JOCTHIHYT baphepa.
Runnakle barrieriction = . . .;
CyclicBarrier barrier = new

CyclicBarrier {nthreads, barrieraction);

HanpumMep, npy BBIIOIHEHHH 3TOr0O AeWCTBHS MOIYT OBITh OOBCAMHEHBI PE3yILTATH
paBoThI BCEX ITOTOKOB.

baprep mnaspiBaeTcd NUKTHYECKHM, MOCKOIBKY €TI0 MOXHO IIOBTOPHO HCNOIBIOBATh
nocae 0CBOOOKICHHUSA BCEX OXKHUIAIDIIUX TOTOKOB.

Kaaee CountDouwnl.atch

Kracc CountDownlatch opraHmsyer omugasue Habopa NOTOKCR A0 TEX NOP, IIOKa 3Ha-
dEHHE CUETUMKA HE CTAHET PaBHbIM Hyx0. OH oT/IH4YaeTCHA OT Gaphbepa PANoM 0COOCHHOCTEN,

e Jlna cHATHA 3aNPETa He 06A3aTENbEO, YTOOBl BCE IMOTOKH HAXOAIINCE B PEKHME
OXXKHUIAHUA,

¢ 3HadyeHHE CUETUMKA MOMKET GBITE YMCHBIICHO 00paboOTIMKAMI BHEHIHITX COOBITHEL.

L BELHI)CT YCTAHABJIWBACTCA €OHMHOMIBL. Kak ToabKo 3HAUCHHE CYCTYHKA CTAHET p4abB-
HBIM HYJIKO, MOBTOPHG HCIIOAB3OBATD TOT XKE 3aIPET HEJIB3A.

OdeHb 9ACTO HCTIONL3YETCSA CIEHHANLHBIN Cyvail, Korja 3HaveHHe CYeTYHKa paBHO
equHuue. B »ToM ciaydae peannsyercs OfHOKpaTHBIA 3arBop. IloToxku yaepuBamTCH
3aTROPOM JO TeX 0P, TIOKA OAHH U3 [IOTOKOB He OGHYIUT CHETHHK.

PaccMoTpuM, HAIIpuMep, HAGOP NOTOKOB, A1 PAGoThl KOTOPBIX TPEGYIOTCA HEKOTOPBIE
HCXOAHBIC JaHHble, Paboume MOTOKH MOryT GBITE 3anyIECHSl M YACPXKUBATLCS 3ATBOPOM.
Apyroi morok [OArGTABIHBAET ungopManmmw. Korga gaHHele TOTOBBI, Bce pabodue moTo-
KH NPOLO/LKAIOT BBIIOIHEHME,

Kaacce Exchanger

Kiacc Exchanger ncnionsdyeTcs mpy paboTe IByX IOTOKOB C ABYMA SK3€MIVISPaMU OHOH
CTPYKTYpB! JaHHEBIX. OGBIYHO OfMH IOTOK 3anosnseT Oydep, a ApYyrol CYUTHIBAET €0 COACP-
#umoe. Korga kaxapiit TOTOK BHINOMHAET CBOIO 33424y, OHM OOMEHUBAKOTCS Gyfpepamu.

Kaacc SynchronousQueue

Knacc SynchronousQueue peannsyeT MEXaHu3M OO bEANHEHNA IOTOKA-TIOCTABIUMEKD W
noroka-norpeburens. Korga notok seiseisaer MeTo/ put () racca SynchronougQueue,
€r0 BBITIOJHEHME IPHOCTAHARIMBACTCH N0 TeX AOpP, TOKa APYTOH MIOTOK HE BBI3OBET METOJ
take (). Cnpasecaineoe U obpatroe. B oTnnuHe oT xiacca Exchanger, AaHHbIe Nepeaa-
HTCS TOABKO B OQHOM HAIPABIEHHH — OT IOCTaBIHKA NoTpebuTeio,

HecmoTpsa Ha To uTo ®iace SynchronousQueue peannsyer uarepdetic BlockingQueue,
BKIEMILAAP STOTO KNACCA HE ABMAETCA ouepe/nio. OH He COIepikHT aJIEMEHTOR, U METOR size ()
BCEr/a BO3ppalacT aHaueHue (.

Kaacc Semaphore

Mo onpexenennio cemadop yrpasiser HaGOPOM paspewerud (permit). Yrober npoiTi
cemadop, MOTOK 3AMPAMIMBAET Pa3pelieHMe, Br3biaad MeToA acquire (). Jdocrynuo aumn
$UKCHPOBAHHOE YHCRO Pa3pelleHui, ITe OrpaHHYMBaeT KOJUYECTBO HMOTOKOR, KOTOPEIE
Moryr npoiith cemacdop. Jpyrie NOTOKM MOTYT BHIAABATH PAIPEUIEHHA, BRI3RIBAL METOJ,
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release (). Peanbrno o6LekThl paspemettit 0TCYTCTBYIOT; ceMadop HOALCPKHBAST TOME:
KO cueTuuK. Boaee Toro, paspenienye He 00R3ATEABHO AODKEO OHITD BRIGAHO IOTOKOM, 32
opocusnuM ero. 1060l norok MoxeT BLUIATE M1H060e KonnvecTse paspemenHii. Ecin wic-
70 paspellenuii IPeBLIIAET MAKCHMANBHO JONYCTHMOE, CUETYHK JUIIb IPUHMMACT HaH-
foapIEE BOIMOMKHOE 3HAUEHHE. JT0 ZeaaeT ceMadopbl YPe3BLIYANHO THOKHM CPeaCTEOM
¥ B TO %€ BPEMS OTKPBIBAST IYTh I8 PAsaiMuHbpIX HEAOPasyMeHMA.

Mexaunam cemachopor Geln npegroxen Iarepom leitkctpoit 3 1968 rogy. Ipeanona-
FaloCh, YTO OHM BYAYT HCTIOIb30BATHCA KAk NpuMumustt cunxponusayun. Jeikerpa mokasan,
470 ceMadophl MOTYT GLITH PEATHIOBAHEL ZOCTATOYHO 3(GEKTHRHO IS PEUICHUS MHOTHY
HpOGIEM CHHXPOHH3AUWM MOTOKOB. B OMHMcaHHM TPAKTHYCCKH KAUKIOH OnepanvoHHoR
€HCTEMB! BBl HARJAETE YIOMHHAHUE C pealu3alul odepeiaed ¢ MCnoabp3oBanueM cemado-
pos. KoHeTno ke, pa3paboTuHKaM NPHIGKEHMHA He CIEyeT M306PeTaTh CIIOCOGL peaiy-
sanuu ouepedeit. Ha vam Barasg, ceMagops! JOMEHE! UCTIONL30BATHCA TaM, TAE OHM yAOD-
HBI JU1s pEINEHHs KOHKPETHBIX 3324 CHHXPOHH3aITHN.

Cemadgop co CueTUHKOM paspeiltesnii parHsM | yRo6HO UCHOALIOBATEL B KANECTRE 3%
TBOPA, KOTOPBIH OTKPBIBAETCHA WM 3aKPHIBACTCE IPYTHM noTokoM. Ilpeacrapere cebe npo-
rpaMMy, XOTOpasi BLINIOAHAET HEKOTOPYHx PaboTy, a 3aTeM OXUZAET, TIOKA IIOJb3OBATEh
O3HAKOMUTCS € PE3YIbTATAMM H AKTUBM3NPYET KHOOKY HPOJOLKEHHA, NOCAe 9€T0 BBIMION-
HseT cAeAyIonyo nog3asayy. Korga paGo4ymii HOTOK roTOB CAelaTh NAay3y, OH BRI3BIBAET Me-
rox acquire (). IloTok, pearusylomuii noabIOBATEALCKHI HHTepdetic, BLIIBIBAET METO
release {) B OTBET HA METYOK MLINILK HA KHOoKe Continue.

Y10 npou3cHAeT, ecad I0Ab30BaTeNb WEIKHET Ha KHOMKE HeCKOAbKo pas? Iockoabky
ZOCTYIHO JHIIb OJHO DasPeII¢HHe, CIETYHK Pa3peIle il OCTaHeT s paBHBIM 1.

JaHHbIA MOAXOM WIOCTRRPYET IPporpaMma, KoJ KOTOPOl npusetel B auctuHre 1.9, Oua
NOJIEPKHBACT AHAMAUOHHOE NPEACTARICHHE ATOPHTMA COPTHPOBKH. Pafouunit oToK BEI-
HOMHAECT COPTHPOBKY, OCTAHABIMBACTCA M OKHAAET, IIOKA MTOAb30BATEb JACT PA3pelleHte Ha
npojgoaxerne padoTsl. 1lons3osaTens 3HAKOMUTCA ¢ PE3Y/TLTATAMH, BBIBCACHHLIMY HA 3KPaH,
M AKTHBUZUPYET KHOTIKY, O3BOJIAA PAbOYeMy IIOTOKY BRITIOAHUTD CACAYIOMINIT IIar.

PaccMoTpeHMe IropuTMa COPTHPOBKM He BXOAMT B KPYI HAIMX 3a4ad, TIOTOMY MBI
JIMIIb BBI3BIBAEM METOR Arrays.sort (). Jas opragusaliid naysel Mbl PEaIN3yYeM OOBEKT
Comparator, KOTOPEIH oMuIdeT n3MeHeHHs cocToauua ceMadopa. Meur oTobpaxaem Te-
KyLIe SHaNEHNA MACCHBa W HOACBEYIBAEM CPABHMBAEMBIE DleMenTh (puc. 1.7).

Puc. 1.7. AnuManunonHOE IpeAcTABICHAE PaB0Th AIMOPATMA COPTHPOBKH
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import java.awt.*;

import java.awt.geom.*;

import java.awt.event.*;

import java.util.*;

import java.util.concurrent.*;

import javax.swing.*; )

/**
JaHHad MporpaMMa PeasrM3yeT aHMMALMMCHHOS [IpelcTabBleHue
paboTH anropMTMa CODTUROBKM.

*/

public class AlgorithmAnimation

public static void main(String[] args}

JFrame frame = new AnimationPrame () ;
frame.setDefaunlitCloselperation (JFrame .EXIT CON CLOSE) ;
frame.getVisible {true) ;

}
}

/**
LHaurent dperm oTobpaxaeT MAacCHMB [0 Mepe eTro CORpTHURODKIM,
4 TAKKe KHOMNKM, HNOSBOJAKLME NOWAT'COBO BHBOIOMTL aHFMMallMOHHYR
NoCIeNOBATENLHOCTE MM 3BaNyCKaTh €& B HENPepPHBHOM peXMMe,
*/ :
c¢lass AnimationFrame extends JFrame

{

public AnimationFrame (}

{

ArrayPanel panel = new ArrayPanel();
add (panel, BorderLayout.CENTER)

Double (] walues = new Double [VALUES LENGTH] ;
final Sorter sorter = new Sorter(values, panel);

JButton runButton = new JButton ("Run");
runButton.addActionListener (new
ActionListener ()

{

public void acticonPerformed{ActionEvent event)

{
}

gorter.sgetRun() ;

13N
JButton stepButton = new JButton("Step"};
stepButton.addActionListener (new
ActionLigtener ()

public veoid actionPerformed(ActionEvent event}

sorter.setStep();
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}

/**

*/

1

JPanel buttons = new JPanel();
buttons.add (runButton) ;
buttons.add{stepButton) ;

add (buttons, BorderLaycut .NORTH) ;
SetSiZE(DEFAULTmWIDTH, DEFAULT_HEIGHT);

for {int 1

= 0; 1 < values.length; i++)
values[i] =

new Double (Math.random()};

Thread t = new Thread(sorter);
t.start () ;

}

private static final int DEFAULT WIDTH = 300;
private static final int DEFAULT HEIGHT = 300;
private static final int VALUES_LENGTH = 30;

Haxuest ofweerT Runnable BHMNONHAST CORPTHUPOBRY .
[pyl CPABHEHUM OBYX D2JIEMESHTOBR aJllOPMTM [IPMOCTAHABJIMEBEST
BEMMCIICHMA M OOHOBIAST COISPKMMOS [aHesIH.

c¢lass Sorter implements Runnable

{

/**
Koncrpykrop obrexTa Scorter.
@param values Maccue INA COPTHUPOBKM
@param panel Ilakens, Ha KOTOPOM OTOGRAXASTCHA NPOLECS
COPTHMPOBKH
*/
public Sorter (Double[] values, ArrayPanel panel)
{ this.values = values;
this.panel = panel;
this.gate = new Semaphore(1):
this.run = false;

}
fr¥

[lepesoguT oBwexT Sorter B peXMM HENPEepRHBHOM paloT:.
*/
public void setRun()

run = true;

gate.release() ;

}
/**

Nepeepoconr ofbexT Sorter = peXMM MNOWLATOBON PaboTH,
*/
public void setStep()

{

run = false;




}
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gate.release() ;

public void runf)
{
Comparator<Double> comp = new
Comparator<Doubles (}

public int compare(Double i1, Double 12)

panel .setValues (values, i1, 12};
try

if (run)
Thread. gleep (DELAY) ;
else
gate.acquire () ;

catch (InterruptedException exception)

Thread.currentThread (] . interrupt () ;

}
return il.compareTo{iZ) ;
}
i
Arrays.sort (values, comp);
panel.setValues {values, null, null};

}

private Double[] wvalues;

private ArrayPanel panel;

private Semaphore gate;

private static final int DELAY = 100;
private boolean run;

Ha 2Toil Havemnm yCJQBEO OTODpaXasTcd MACCHMB M MNOMEeYalnTCH
OBa ro 3eMeHTa.

class ArrayPanel extends JPanel

{

public void paintComponent (Graphics g)
{
if {values == null) return;
super.paintComponent (g) ;
Graphics2D g2 = (Graphics2D) g;
int width = getWidth{) / values.length;
for (int 1 = 0; 1 < values.length; i++)
{
double height = values[i] * getHeight({);
RectangleZD bar = new Rectangle2D.Doubkle(width * i,
0, width, height};
if (values[i] == marksdl || values[i] == marked2)
g2.fill (bar);
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else
g2 .draw(bar) ;

}
/**

YCTaHaBIMBART SHaYEHMA 0778 BRHBOIA.
@param values Maccue 3HaueHMs A OTOODRAXSHMA
@param markedl [lepepli NOMEUYEHHED SNEMEHT
@param marked2 BTopOR MNOMEUEHHLI BJIEMSHT

*

/

public veoid setValues (Double[] values,
Double markedl, Double marked2)

{ .

this.valueg = values;
this.markedl markedl;
this.marked?2 marked2;
repaint {};

§

}

private Double markedl;
private Double marked2;
private Double[] values;

—

Lo

P java.util.concurrent,.CyclicBarrier 5.0

i E

e CyclicBarrier(int parties)

* (yclicBarrier(int parties, Runnable barrierAction)
Coagaer ofpekr CyclicBarrier mrd yKazaHHOrO WMCIa YUacTHHKOB. JeficTBue
barrierAction BeUIOAHAETCH, KOrAa BCE YYACTHHIKM BLISBIBAIOT METOA awalit {)
bapeepa.

s int await ()

¢ int awaitllong time, TimeUnit unit}

" Owwupaer, HoKa Bce YVYACTHHKH BBI3OBYT MeTOJ awalt () fapeepa Wid OKa He HCTe-
4eT yKasaHHOe Bpema. Bo sTopom cayuae remepupyeTcs Mckmwdenune Timeout-
Exception. B caydae ycnexa BO3BpalUaeT MHIAEKC ydacTHuKa. IlepBbrii ydacTHHK
HMeeT MHAeKC parties - 1, a nocaepamii — uagexc 0.

l L pj Ij java.util.concurrent,.Coun DownL

¢ CountdownLatch (int count)
Cospaer obnext CountdownLatchc VKA3RHHbIM 3HAYCHUEM CHeTUHEKA.

s volid await ()
OxugaeT, oK CYeTYUK JOCTUrHeT 3HadeHua 0,

* boolean await (long time, TimeUnit unit)
OxugaeT, NOKa CY4ETYHK JOCTUTHET 3HAYeHHd (} 1uG0o noka He HeTeyeT BpeMs TaliM-
ayTa. ECId 3naveHne CUETYMEKA CTAN0 PpaBHbIM {), BO3BpamlacT true, ecid MEeToh
oxoudua paboTy o Taiim-ayty — false. .
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e public void countDown ()
YMeHbIaeT 3HAUCHUE CHETINKA JJI JAHHOTO 3aTBOPa.

wr1| Java.util.concurrent.Exchanger<V;

v V exchange (V item)

s V axchange (V item, long time, TimeUnit unit)
ITpuocranasaneaeT padoTy A0 TEX TOP, [TOKA APYTOH MMOTOK HE BRIAOBET JAHHBIH Me-
TOJ, 3aT€M OOMEHMBAETCA OGBEKTAMI € 3TUM ITIOTOKOM M BO3BpallacT 00BEKT BTOPO-
ro motoxa. lTocre mcreuenus ppeMeHM TaliM-ayTa BTOPOH MOTOK IEHEPUPYET HC-
KaKaeHne TimeoutException.

va.util.concurrent _SynchronousQueue<v> 5 0

_&,\,uq.«.nia SRR AR

SynchroncusQueue ()

SynchronousQueue (boclean fair)

Cosgaer 06pext Synchronousfueue, ofecneuHBaIMME nepeiady o6LEKTOB OT
OMHOIO MOTOKA Japyromy. Ecmu napamerp fair paBed true, IpeanouTreHte oTIaeT-
€A NOTOKAM, JOIBLIIE HAKOAAIMMCS B PEKHME OXKUJAHUA.

e void put(V item)
ITpnocTranasauBacT BEINOMICHUE A0 TEX NOP, IOKA APYroH IOTOK HE BHIAOBET METOX
take ().

s V take{)
TpuocTanapIrBaeT BHI{IOAHEHNE IO TEX NOP, IOKA APYTroi MOTOK He Bbl3OBET METO
put () . Bosspamaet 06beKT, IPeAOCTABICHHBIH APYTHM MTOTOKOM.

E‘;] 'java util.concurrent. Semaphore 5.0

* Semaphore (int permits)

¢ Semaphore (int permits, boolean fair)
Cozsaet cemacop ¢ MAKCAMAIBHBIM YHCIOM paspenmicumil, Ecan nmapamerp fair
paBen true, oUepens OTAAET IPEIOYTEHNEe ITOTOKAM, JOoAblle HAXOAANINMCA B pe-
KHAME OXKHAAHHUA.

¢ void acquire()
OpgaeT moaydeHHA DA3PCHTeHH.

¢ Dboclean tryAcguire ()
IlerTaeTcs noayunrk paspemenue. ECIH TAaKOBOe HEAOCTYIIHO, BO3BPAllaeT 3Hade-
HUe false.

¢ boolean tryAcquire(long time, TimeUnit unitc)
TleiraeTcs modyunTh paspelueHHEe 33 YKA3aHHEBIH WHTepsal ppemenu. Eciu paspe-
WeHHe TOAYYHTE HE YIanoch, BO3BpammaeT 3navenne false.

¢ void release(} : S
OcpobomIaCT DaspeieHME,
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IToroxu ¥ nakeT Swing

Kax 0TMe4anToCh B HAYATE I'IABHl, OAHA M3 OPHIHH HCIOAB3OBAHMUA [IOTOKOB 3AKMIOYA-
€TCH B TOM, 9TOOL! IOBLICHTH BOSMOKHOCTD YHPABACHNAA TPOTPAMMAMHA CO CTOPOHBL NOIb-
sopaTeneii. Ecau nporpamMme TpefyeTcs BBIIOIHUTE JMMTENBHYIO OIEPALI0, TO B TAKOM
cIygae caefyeT 3allycTHTh €11e OJUH paboauil MOToK, a He GI0KHPOBATE MOIB30BATEILCKIINA
uHTepeic,

Opuako npH co3gaEun pabodero IOTOKA HEOGXOANMO TIPOARIATE OCTOPOKHOCTE, TAK
KAK [IaKeT SWing, Kak 370 HU JAMBUTENhHO, HE AB/AETCH GE0TMACHEIM I 10TOKOB. [lbiTa-
ACH VHpPABIATL dIEMEHTAMH MOIb3CBATEABCKOTO HHTepdeiica M3 HECKONbKMX MOTOKOB,
MOKHO IIOBPCIHTD €T0,

Ansa Toro uTOBLI NOAPOGHEE PAacCMOTPETh JanHylo npobaemy, ZamlyCTHM IPOTPAMMY,
KOJ, KOTOpOH nokasan B smctudre 1.10. Korra noabaosareis werkaer Ha xnonke Bad za-
[IYCKAETCA HOBBIH MOTOK, KOTOPBIM BBINOJHAET NPOUIBOMBHBIE AEHCTBHA ¢ PaCKPBIBAK-
MHMCS CIINCKGM, B HACTHOCTHU J00ABAAET H YJANRAET €r0 JIyHKTEI,

public void runf{)
try

while {(true)

{

int 1 = Math.abs(generator.nextInt(});
if (4 % 2 == 0}
combo. insertItemAt (new Integer({i}), 0);
elge if {(combo.getItemCount (} > 0)
combo . removeltemat (1 % combo.getItemCount());
sleap (1) ; i

catch (InterruptediException e) {}

3amycTuTe TY DPOTPaMMy E lieAkHuTe Ha kHonke Bad. Beimomaure pasmiaHsie neiicr-
BHA € PACKPBIBAIOIMMCH CIHCKOM, KeNaATelbHO BOCHOIB3OBATHCA TIONOCOM ITPOKPYTKE.
[TepeMecture oxHo. Eme pas menxkuure ma xknonxe Bad. Ilpogomxatite paGorats ¢ pac-
KPBIBAIOIIHMMCA CHHCKOM, B kOWIle KOHIOB BHI YAuAHTE COOGHIEHHE O CTEHEPHPOBAHHOM
uncxrouennn {puc. 1.8).

Yro e B 3T0M chywae npoucxoant? Korja B packpeisamimuiics CrMCoK BCTABASETCS
HOBBIA UYHKT, reHepHpyeTes cOGBTHE OGHOBICHNA COAePXMMOTo crucka. [locae »roro
3AMYCKAETCS KOJ OTOGPAKEHNMSA CIIHCKA, KOTOPbIH CYMTBIBAET TEKYNIMIl pasMep 3MeMEHTa 1
TNOATOTARAMBAET OTODBpaXxaeMble MYHKTEL Ho paboumii noTok npogomxaeT paboty, 4To,
HAAPUMEP, MOXET NPHBECTH K YMEHBIIEHMO KOAWYECTBA IYHKTOB. B Taxom cayuae koA
OTOODAKEHMS! CIMUCKA CYMTAECT, Y4TO MOIEIb MAHHBIX COREPMUT GONBINE 3HAUCHMIL, dem
MMEETCS B CIHCKE, M 3alIPaliMBaeT HECYUIECTBYIONHE SJIE€MEHTHI, 9TO MPUBOLUT K reHEpa-
IUH HCKTIOUeHHs ArrayIndexOutOfBound.

Taxyi0 CUTYALIG MOMXKHO HCKTOWHTE, GIOKMPYS MO CO CITHMCKOM HA BPEMS €70 OTOGPIKeHHA.
OnHako paspaboTIHKK Swing perusii He PacxOoaoBaTh YOWIMA Ha obecreueHie GesolacHOCTH
upi padore ¢ norokamu B Swing. s cHEXpOHMBANMM TTOTPEDYeTCA AOMOIHUTEIRHOE BPEMS,
W BPAN M TIOJIB3CBATEIAM TIOHPABHTCS, €CIM IQIL30BATETLCKAN MHETEPOEIC HA 0cHOBe Swing
crader paboTaTe elte MenneHHee. ['opasgo paxHee TO, 9TO KOMAHAA SWiNg YA HeaibHBI oflbIT
pa3spaboTuHKOB KOMIIOHEHTOB TIONB30BATENRCKOIC HHTePheca, NbITAIMEXCS 06eCneTHTh Ges30-
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NacHOCTD 1IpH paGore ¢ notoxkamu. [Ipy cosganmn OUBAHOTEKH 0JIL30BATENBCKOTO HHTEPgheHcA
JUUTBIBACTCA BO3MOMKHOCTD €€ DACHIMPEHHsT APYTMMH Hporpavmeictavu. ORHaKko NpH pacimpe-
i nHTepdeiica, B KOTOPOM odecneurBaeTcsa 6e30NACHOCTh MOTOKOB, MOXHO JIETKO 3aIlyTaThCs
B IPABIUIAX CHIXPOHM3AITHN; DE3Y/ITATOM CTAHET B3AMMHAsA BIOKMPOBKA.

at javax.swing 106715948 lectionModel.fz‘reValueChanged(DefaultListSe1 ]
ectionuodel.java:la?) R20808334
at javax.swing|i561131952 | (lectionModel.fireValueChanged(DefaultListSell
ectionModel. java:167) (243769254 l ke
at javax.swing|1292050506 lectionuodel.fire\falueChanged(DefaultListSel s
ectionModel. jova:214) (1102951724 |~}
at javax.swing.DefaultListSelectionModel. iasertlndexlntarval(Defaultl.ist
SelectionModel.java:566)
at javax.swing.plaf.basic. BasicI.lstUISHandler intervalAdded(BasicListUI.
java:2158)
at

javax.swing.AbstractListModel. firelntarvalAdded(AbatractListuodel .jav]

a:130)
at javax.swing.DefaultComboBoxModel.insertElementAt(DefaultComboBoxModel

.java:133)

at javax.swing.JComboBox.insertItemAt(JComboBox.java:705)

at BadWorkerRunnable.run(SwingThreadTest.java:91)

java.lang,Thread.run(Thread. java:595)

Puc. 1.8. Coo6menue 0 BOZHAKHOBEHHH HCKIIOYEHNS, 0TOOpaKaIeecs B KOHCONBHOM OKHE

Ipasuao eduncmeennozo nomoxa

Taxym 06GPAIOM TIPH MCTIONHIOBAHKK NAKeTa SWing HeoOXOAMMO YYHTHIBATE HECKOIBKO
npocTeix Hpasil. Ho nepes aTHM BBISICHUM, KaKHe NOTOKH IIPHUCYTCTBYIOT B makeTe Swing.

Kasaoe Java-iprioienne sanyckaeT METO/, main (), KOTOPEIH BIIOIHAETCS B 2A48HOM NOMOKE
(main thread). B nporpammve Swing metogmain () 06bIYHO BHIIOIHAET CIE/YIOmUe AeHCTRIS:

®  CHAYANA BHIBHIBACT KOHCTPYKTOP, KOTOPLIA PA3MeNaeT KOMIOHEHTH B okHe (peiiva;
® 3aTeM Bbi3bIBaeT MeTofl setVisible () dpeiima.

TMocne oToGpakenns okHa (peiiva COMAETCs nomox ynpasienus cobsumusmu (event dispatch
thread). Bee ypepoMienus: 0 cOOBITHAX, HATIPUMED BRI3OBBI MeTofa actionPerformed () wim
paintComponent (), TPOMCXOAAT B 3TOM NMOTOKE. [ IABHBIH NOTOK TPOAOMKAET BBITOMHATHCS,
noka He 3asepmTcs MeTox main (). ObbraHo MeTOR main () saBepmaer paboTy Hocre OTo-
Gpakerns ppeiina.

Jlpyrue noTokH, HarlpUMep IOTOK, KOTOPBIH NOMEMIAET COOLITHSA B OUEPEAD, BBIMOIHSIOTCS 32
CHEHOH”, MI0ITOMY OHH “HEBH/UAMBI " IS PaspaboTIMKA, CO3/IAIONIETO TPHITANHEIE TIPOTPAMMBL.

B nmprioxkenuH ¢ HCMOJAb30BAHMEM NakeTa Swing BCE ONEpaiu#, OTBEYalomie Ha 3a-
HPOCHI OJIB30BATENLCKOro HHTEpQeiica U nepepucoBKy OKHA, HAXOAATCS B 06paboTyuKax
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COBBITHIA. HOSTOMy BCE€ OHH 3alIYCKaOTCA B IMOTOKE YODABICHWSA cobprTnamu. Huxe [pHBE-
ACHO HECKOTbKO IPABRII paﬁOThI C IIOTOKAMH, KOTOPDBIM HEOOXOAUMO CACH0BATD.

1.

Ecnn xaxoe-mn6Go AeHCTBHE BBINONHAETCH AOJATOE BpPeMsl, PealudyilTe ero B HOBOM
motoke, Eoau ke jumarensHoe AeiicrBie GYAET BBIIONHATLCS B HOTOKE YIPaRACHUS
COBBITHAMU, IPWIOKCHIE He GYACT pearnpoBaTh HH Ha KAKHE COOLITHA,

Ecnan kakoe-ro aefcTsne GNOKHPYET ONCPALEH BBOAA-BLIBOAA, 3ANYyCTHTE [ HETO
HOBBIH MOTOK, WHAYE TIONb30BATEABCKME MHTepdeic MOKET OKa3aThCA HELOCTYI
HBIM HA HEOI'PAHHYCHHLI HHATEPBAN BpeMeHM (HAIPHMED, [PHU CeTEBOM COeNMHe-
HHI, HE PEATHPYIOLIEM HA 3aIIPOChI).

Ecan tpefyerca NMOAOWAATH B TEIEHNE ONPEACACHHOIC HPOMEKYTKA BPCMENn, He
BBI3bIBAlTE MeTOA sleep () B NMOTOKe VIPABACHUS COOBITHAMH. BMECTO 3TOT0O HC-
TTOJI3YHTE COBLITHA TAHMEDA.

AeCTEES, BHIOMHAEMDbIe TIOTOKAMM, HE ROMKHEI 3ATPAarHBaTh I10Ab30BATENBCKAH
unTepgetic. CauTbBaiiTe HHOOPMALMIO A0 3aMYCKa NOTOKOB, 3aTeM 3aMYCKAKTe 110-
TOKH H 0BHOBARATE HHTePQEIC M3 TOTOKA YIPaBIe A COBLITIME JTHIIb [I0C/IE 3a-
BEPHIEHMA PAGOThE [IOTOKORB.

Mocaenree paBHIo NIPH NMPOrpaMMUPOBAHHEY C HCIIOAL3CBAHNEM HAKeTa Swing 4acTo
HA3BIBAIOT NPacuiom eduncmeennoze nomoxa (single thread rule). Hvoke nepednClIeHsl HEKOTO-
phlie MCKMIOYEHMA U3 HTOTC IpaBuia.

1.

Heckonbko MeToA0B IaKkeTa Swing apasioTca Oe30nacHbIMH IpH HCIOIB30BAHUN
[IOTOKOB, U B goKymeHTanuu Mt APl o6 srom ckasano: “Jawnnwviit Memod asgasemen
BE3ONACHLIM NPU UCROMIOSAHUY NOMOKOE 8 OMAUMUE O POIBMUHCTIEE MEMO008 NAKEMA
Swing” (This method is thread safe, although most of Swing methods are not). Hyxe nepe-
YHCACHBI HAUHOMEE TONE3HBIE M3 DTHX METOJOR.

JTextComponent . setText

JTextArea.insert

JTextArea.append .

JTextArea .raeplaceRange

Meromu repaint {) u revalidate () xmacca JComponent MO¥HO BBI3LIBATE M3
AI0G0T0 NOTOKA.

Meton repaint () mIaHupyer cOGBITHE NEPEPUCOBKH OKHA, a MeToy revalidate ()
HMCHOALIYETCA Jyis ODHOBIeHUs PasMepa u PpacIIoIOKEHHA KOMIOHEHTOB B C/Iy4ae, ec-
M OAHH H3 KOMIIOHEHTOR GbIn N3MEHEH. JTOT METOJ OTMEIAET TeKyIIEE PacioIoMKe-
HHE KOMIIOHENTOB Kak HeAeHCTBHTEILHOE A NMIAHURYET COOTBETCTRYIOMEE CobBbITHE.
(Kak 1 cofuITus AEPEPHCOBKH, COBLITUA UMCHEHUA DACTIONOKEHMA KOMIIOHEHTOB
olfsedunaomes (coalesce), T.€. IPH HATHYHH B OMEPEIN HECKONBKIX CODBITHH, CBSI3aHHbIX
€ PACMOIOKEHUEM KOMIIOHEHTOR, TICPeCHeT IPOUSBOAMTCH TONLKO OUH Pas.)

MeTof, repaint (] HEOAHOKPATHO WCMONL30BANCH B TOME | 3TOW KHWUMM, a MeToq
revalidate BCTpEYancsa ropasac pexe. OH nmpedHazHaqYeH ona nepecyeTa Pacnonoxe-
HUS KOMMOHEHTOR MOCNE WX ameHeHuns. B TpaguumoHHom nakete AWT ana NpUHyauTeNbs-
HOrQ NepecyeTa pacnoNoXeHns KOMMNOHEeHTOR NPeaycMoTpeH MeTog validate (). B na-
KeTe Swing BMecTo 3TOro 40CTAaTO4HO BI3BaTh MeTon revalidate {) . (OOHAKO ANS KOM-
rMoHeHTa JFrame HeOOXOAMMO BhI3biBAaTh validate (), TaKk KaKk JFrame NPUHAONEKMT
Knaccy Component, & He KNnacgy JComponent,}
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3. B n06oM noroxe paspemaeTcs ACGABAATE M YIANATE 06pa60qu1KH cobprrait. [Ipn
FTOM COOTBETCTBYIOIIME METOLLL 6Y,I[y'T BBIIOJHATLCA B NOTOKE YITpaBIeHHMSA CcOBLI-
THAMI. '

4 Koamom S rnr ;MaRed CIZLABATS, JCTAHABAARIND LJTH QX TREGPETSTH! i BRKATOTATH B
KOHTCI'/’IHGpm A0 VX Pealu3arHiu. KoMmoHeHT cumraercs PeOAUB06aHT LA, €CTTH MOMKET TIO-
JAVYHATD COGBITHI MEPCPUCOBKN WINH ITOATBEPHKACHNUA AEHCTBEHHOCTY, Tak MPOHCXOIHUT
6o TIPH BLIzoBe MeTOAa setVisible (true} wim pack (), MGo npu BUTOYEHMH
KOMIIOHCHTA B peaﬂﬂaoBaHHblI‘z’I KOHTEHHEp. ITocne peaJII/IBBJ_II/]H. KOMIIOHEHTA UM YIKE
HCIR3 YHPABAATH U3 JPYTOro IOTOKA.

B wacTHGerH, momyckaeTcn cospanue unrepdeiica NIPHACKEHUA 5 MeToAe main ()
A0 BBI3OEa MeToya setVisible (Crue) win cozmaHue aivieTa C rpaueCcKHM HH-
Tepeicom n KOICTPYKTOPC 4M/eTa uau Meroge init ().

IIpeanmonosym, 4o BBl CO3AATH OTAEAbHBIA NOTOK A8 BbINOIHEHKHg 3a4a4M, Tp€6y10'
mWeH JIMTENbHEY BpiymMciaerHii. BoaMokHO, BaM noHago6uTca oOHOBIgTE HOAB3OBATENL
CKHi HHTEpdeic, HAIIpHMED IS TOTO, YTOOLI oroﬁpma'rb HPONECC BBINTOJIHEHUSA 3TOH 3a-
Jaun. OGHOBUTL cocTOSHNE WHTepPeHCHBIX dIEMEHTOB NPHAETCI U P OKOHYAHUU BBI-
upcnenuit. OgBako BRIMOMHATE KAKHE-THGO IeHCTBUA C KOMIIOHEHTAMN Swing us orens
HOFO NOTOKA HEnp3a. Tak, ecau BaM DoHazo6uTCss 0OHOBUTE HHAHKATOP x04a BhIUMCIEHITH
WM TEKCT METKY, BRI HE MOKETE NOMPOCTY YCTAHOBUTD TPEOYEMOE 3HaYEy e,

A pewtenus; atogi HpO6JICM})I BOCTIONS3YHTECH CAEYIOIHIMH BECHMA YAOGHBIMH METOIAM,
KOTOPBIE MOXIO [IDHMCHSTE B MoGOM [IOTOKE ULk BRTIOYEHYA ONPEAENCHLK nefiCTBHE B ode-
peap codbtvit. [lpeamoncxum, HarnpuMep, 9T0 B IIOTOKE HYKHO IOCTOSHHG OBHOB/IATD MK
TOP X0Ja pelleHy sagagan. s 3TOr0O HEesb3sd BbISBIBATL M3 IIOTOKA METOA label . setText (),
HO MOXHO BOCIIOIR30BATRCA MeTagamy 1nvokeLater ()} u invokeAndWait () xiacca Event-
Queue, 4TOGHI Bb30B [IPOM0INET B TIOTOKE YIPARICHHA COOBITHAMM.

Bot 4T0 A% 3roro HyxHO clenaTb. Swing-koJ pasMeilaeTtcd B METOae run () KiIacca,
peAnU3yI0IETO hnTepdeiic Runnable. 3aTeM co38aeTCsH 0OBEKT ITOTO kpacca U NEPEsAeT-
€A CTATHYECKOMy meTofy invokeLater () wim invekeAndWait (). Muxe HPUBOIUTCA
COOTBETCTBYIOW i IpUMep OBGHOBICHMS HAMLIUCH.

EventQueue. inyokelater (new
Runnable ()}

public void runf()

label  getText (percentage + "% complete");

1
Vs

MeTtoa invokeLater () BO3BPAIIAET YIPABICHHE CPaldy JXe NOCIC DasMeIneHns cobbl-
THS B OMEPEINU, a MeTOoA run () BBINOIHAETCA aCMHXPOHHO. Meroa invokeAndwait ()
AOKUAACTCA, HOKa He OYAET 3aBEPUIEHO BRINOJIHEHUE METOA run () .

Ana  obHOBnenus wMeTkH, OTpAKAWIIEH XOX BBIHOAHEHUS BBlyNCIEHMIT METO]
invekeLater () noaxoant Goanume. D nonnsopartens aydiie, 4ToGbL g pa6oveM OTOKe
BRITIOUIHAIMCE BLIYPICAEHHS, YEM Y4TOOBL BpeMs TPATHAOCE HA TIOBLINEY e TOYHOCTH TPH
HHIMKAUUHA XO4 paboThl.

Ofa paccMOTHeHHBIX METOJA BHITIOAHSIOT METOJ ¥un () B NOTOKE ynpasieHs COGHI-
rusiMu. HoBBIH oTok HE co3aaeTcs.
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B mucrunre 1.10 nokazano, ¥ak ¢ moMolnbio MeToga invokelater () MoxHo Gesonac-
HO M3MCHHTL COXCPIKMMOe PacKpeIBalollerocs cnucka. [Tocre menuka na knonxe Good or-
AeNbHbIA HOTOK A00aBAAeT U yAaaseT ducia. OQHAKO pealbHoe H3MEHCHHUE COAEPHEMMOTo
CHHCKA IPOUCXOSMUT B IOTOKE YIPABAEHHA COOLITHAMIL

Jlecrunr 1.10. Coxep:xamoe aiina SwingThreadTest . java

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import javax.swing.*;

/**
JaHHaA nporpaMMa OeMOHCTPHMPYeT, 4YTO, €CJM MOTOK, BHIIOJIHARNUNACH
NapaniensHO C [OTOKOM VIIPABIEHMA COCRTHAMM, 3aTpalMBaeT
KOMIOHEHTH Swing, 5T0 MOXeT NPMBECTH K BOSHMKHOBEHMIO OIIMDKM .

*/

public ¢lass SwingThreadTest

public static void main(String{] args)

SwingThreadFrame frame = new SwingThreadFrame();
frame.setbefaultCloseOperation (JFrame . EXIT ON_CLOSE) ;
frame.setVisible (true) ;

}
/**

B sTom QpeiMe COmepXaTCH IBS KHOMKM, NPeIHAZHIUeHHHE
OJIs1 BaNO0JIHEHNS PACKPRBAKIMEICCA CIOMCKE M3 OTIASNBHOIO
noroxa. KHomkxa Good MCHONEZYET MOTOK YIPABJISHMS
COBHTMAMM, a KHonKa Bad HenocpedcTBeHHO MOOMOULMpYET
CHIIMCOK .

*/

class SwingThreadFrame extends JFrame

public SwingThreadFrame ()

{

setTitle ("SwingThreadTest") ;

final JCombcBox combo = new JComboBox () ;

combe . insertItemdt (new Integer(Integer .MAX VALUE), 0);
combe . setPrototypeDisplayValue (combo.getTtemAt (0} ) ;
combo . setSelectedIndex (0) ;

JPanel panel = new JPanel({);

JButton goodButton = new JButton{"Good");
goodButton . addActionlistener (new ActicnLisgtener ()

public void actionPerformed (ActionEvent event)

{

new Thread (new GoodWorkerRunnable (combo)) .start () ;

}
1y
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panel . add (goodButton) ;
JButton badButton = new JButton({"Bad");
badButton.addaActionListener (new ActionListener ()}

{

public void acticnPerformed (ActionEvent event)

{

new Thread (new BadWorkerRunnable {combo} ) .start(};

1)
panel . add (badButton) ;
panel . add (combo) ;
add (panel} ;
pack() ;

Jx#
IOauueni knacc Runnable momudmivpyeT paCKpHBAXIMMACA COMGOK,
NpOM3BONEHEM OOpas3oM DODABNAR M yIOadAAA dMcia. 3TO MOXEeT
OpMB&CTH K OUMGKe, HOCKONBKY MEeTCHE CIMCKA He CHHXPOHMSMPOBAHE
K K TOMY Xe CIMCKY MOTYT ofpamaTbCA M patoduil NCTOK, M
MOTOK YHPABISHMA COGLITHMAMMA.

*

/

clags BadWorkerRunnable implements Runnable

public BadWorkerRunnable (JComboBox aCombo)

{

combo = aCombe; .
generator = new Random() ;

}

public void run{)
try
{
while (true)
{
combo . showPopup () ;
int 1 = Math.abs (generator.nextInt ());
if (i $ 2 == 0) .
combo . insertItemit (new Integer{i), 0};
else if (combo.getItemCount () > 0O}
corbo.removeltemAt (1 % combo.getItemCount ()} ;
Thread.sleep (1) ;
}
}
cactch (InterruptedException e) {}

}

private JComboBox combo;
private Random generator;

} ,
/**

Januepdt xnacc Runnable momnduimpyeT pacCkpHBalupiicsa CHMCOK,
NpOM3BONBHEM OS8pasoM OoGaBiadag M yhanasa ducla. UTobe CIMCOK

111
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HE Bl PASDYWEH, ClSpaumy Do M3SMeHSHMA NepeHAllpaBIAnTCH
[NOTOKY YlpapBJIeHMAa COBEITHMAMIA, "

*/

class GoodWorkerRunnable implements Runmnable

{

public GoodWorkerRunnable {JComboBox aCombo)
{

combo = aCombo;

generator = new Random() ;

}

public void runf(}

L

try

while ({true)
{
EventQueue. invokeLater (new
Runnable (}
{
public void run{)
{ .
combo . showPopup () ;
int i = Math.abs{generator.nextInt{));
if (1 % 2 == 0)
combo. insertitemat (new Integer (i), 0);
elge 1f {(combo.getltemCount () > 0)
combo . removaeltemAt
{1 % combo.getItemCount()};

)
s

Thread.sleep(l);

}

catch (InterruptedException e) {}

}

private JComboBox combo;
private Random generator;

}

“r1] java.awt.EventQueue 1,0
——
e static void invokelater (Runnakle runnable} 1.2
3anyckaeT MeTog run () odbekra Runnable B noToke ynpasieHus COBBITUAMH TIO-
ciie obpaboTKH Beex COOBITHH B OUEPELH.
s static voild invokeAndwait (Runnable runnable) 1.2
3unyckaer metox yun o6eekTa runnable B IOTOKe YIPABICHHA COBBITHAMH HOCIE 06
paboTkH BeeX COBRITHI B Ouepean. Bpi3oB GAOKUPYETCA A0 TEX [IOP, [I0KA HE 3ABEPIIMTCA
BBIHOJHEHHE MeTO A run ().
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Kaace SwingWorker

Korga nossioparens 3agaeT KOMAHLY, TpeSYIOUYO ATUTENLHOE BpemMsa g1 o6paboTky,
IenecoodpasHoO CO3JATh JUIA €e BBIIGJIHCHHA OTAeNbHbIH moTox. Kak 6bpuio moxazano
B OPeFpUIyIeM pasjene, 3TOT IOTOK JOKEH HCHONb30BATh A1 OOHOBICHUS MOJL3OEA-
Tensckoro uHTepdeiica meTog EventQueue . invokeLater ().

HexoTopuie anTOPLI CO3AAI0T CIEHANBHDBIE IIACCH, YIIPOWIAIIHNE PeIeHHe MOACOHBIX
zajau. B kauecrTse IpHMepa MOXKHO NpHBECTH Knacc SwingWorker, cospamubiil Lancom
Miomrepom (Hans Muller). Onucanue aToro xracca HAXOGUTCS 00 agpecy: http://java.
sun.con/docs/bocks/tutorial /uliswing/misc/threads . html. 3necs e mul pac-
CMOTPUM HECKOILKO APYroil KIaCC, KOTOPBIH YIPOILAeT 3a1ady OOHOBICHHA TOAb30BATENL
CKOrO HHTEpdEica [OCIe BRLUIOIHEHH] HEKOTOPOH MACTH BLIMUCICHHL,

[Tporpamma, Koa koTopoll npexcTasien B aucTuare 1.11, conepuT koManab: ans 3a-
TpY3kM TEKCTOBOTO (haiiza v OpeKpalenHsa npouecca 3arpyssn. g nposepxy naHBOMH
nporpamMel noTpebyerca dain Goaporo pasMepa, HallpUMep TekcT poMana “T'pacp Mon-
Te-Kpucro”. 3arpyskoii datiia saHMMaeTCa OTAeAbHBIA 1noToK. Ha Bpems urenus dafina
NIYHKT MEHIO Open CTAHOBATCA HEJAOCTYHIHBIM, BMECTO HEIO TPEAAATACTCA OYHKT Cancel
(puc. 1.9). ITocne yreHMs KaxA0H CTPOKH TEKCTA OOHOBISIETCA CYETYHK B CTPOKE COCTOA-
mua. Ilocre aasepmieHMs nponecca YT¢HHS (pafina CHOBA CTAHOBUTCA JOCTYIHBIM IYHKT
merwo Open, a obpawense k oyaxTy Cancel aampemaerca. ITpu 5TOM B CTpOKe cOCTOSHAA
oToGpaxaeTcd c10Bo Done,

Clnenkerg E1ext of The Count of Monte Crsto By Dumas

Uhpegy
rie-; by Alexandre Dumas [Fere]
|

M Cante!

SE

Copyright laws are changing alf over the world, e sura 10 check
bhe copyright laws for your country before posting these filesl!

[Flease take a ook a1 the important information in this header,
Wie encaurage you to keep this fila on your own disk, keeping an
plectronic path open for the next readers. Do not remove this,
I""Welcome To The World of Free Plain ¥anilla Electronic Texte™™

I Etexts Readakble By Both Humans and By Cormputers, Since 1971

F'Thase Etexts Prepared By Hundreds of Yolunteers and Donations™
s ) N 1Y

i

Puc. 1.9. 3arpyska daitia B 077/ 1EHOM IOTOKE

Jaupbii npUMep - IeMOHCTPHPYET THUMMYHbIE AcHCTBMA, XOTOpblE paloduHii NOTOK
MOKET BBIIOJIHATE ¢ 3JCMEHTAMM IIOAb30BATEABCKOIO MHTEPD e,

¢ HauanbHoc 0GHOBICHHE HHTEPetica iepel HAYAToM paboThl.

¢ Ob6uosncuuce HHTepdeiica Ioce BEMOIHEHMS YacTH BHYHUICHUN 411 OTPAKCHUS
X0J/(@ paboThl.

*  OKOHYATEALHOE H3MEHEHUe HHTEPgdetica Tocie 3apepaieHisa padoTsl.
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Knace SwingWorkerTask, HCIOML30BAHHBI B IPOTPaMME, TEKCT KOTOPOH IIPHBE/IEH B
muctuure 1.11, yopowaet pemenue noaodaex sagaq. [pu pacuvpesnu Kracca nepeonpe-
aenmorcs Meroasl init (), update() m finish () u peanmayerca Joruka oOHOBICHHA
NOAb30BATENRCKOrO HHuTEpetica. Cymeprrace codep:kut MeToAs doInit (), doUpdate ()
ndoFinish (), B KOTOpBIX Y€ DEATH30BAH KOJ, NPEAHASHATCHHbIN A7 3AYCKa METOIOB
B IOTOKE yrpaBaeHus cobLrrnamu. Ipumep meroga doInit () npusegeH Hibke.

private void doInit ()

EventQueue. invckelater (new
Rurmmable{}

{
public void zuni) { init{); }
s

B meroze work () pemaetca sagaua. B 3Tom meToae NMocae BHINONHEHWA HACTH BBHIYHC-
JeHUH HeoOXoAUMO BeI3BIBATEL MeTOA doUpdate () (me update () !}). Hanpumep, ans gre-
HuA pafina metos work (} 6yAeT BRIMTAAETh TAK, KaK TOKa3aHO HIKE.

public void work() // 06pafoTka MCKIIUSHMIM HE MOKASaHa

{

S¢anner in = new Scanner (new FileInputStream(file));

textArea.getText ("");

while (!Thread.currentThread().isInterrupted() &&
in.hasMNextLine ()}

{

lineNumber++;

line = in.nextLine(); .
textArea.append(line} ;
texthrea.append("\n") ;

doUpdate ()} ;

Krace SwingWorkerTask pearmusyer uurepdeiic Runnable. Metog run () gocTarod-
HO MPOCT,

public final void run()

doTnit () ;
try
{

done = false;
work () ;

catch (InterruptedException e)
{

¥

finally

done = true;
doFinish() ;
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Bam;umTaTquo3aUYCTuTb50T0KnﬂﬂoﬁmeKTaSwingWorkerTaskIﬂnlnepeAaTBBTOT
OGBEKT YTy MOTOKOB. DTO BEITIONHAETCA B o0paGorauke ang TyHkTa Men Open. O6pa-
HOTUMK HEMEATEHHO BO3BPAaMAeT YIPABASHHE, IOIBOIAL MOIL3IOBATENO AKTHBHINDOBATh
Ipyrue nATepdheiCHbIE DIeMEHThL.

JlaHHbI OPOCTOH HOAXOR NO3BOAAET BHIIOIHATH 337a4H, TPEOYIOIHE JIHTEIBHOTO
BPEMEHH M B TO e BPEMA 0BeCleynTh JOCTYI K DAEMEHTaM MOIb30BATENBCKOTO HHTED-
therica. ‘

Jucrunr 1,11, Cogepixumoe Paiina SwingWorkerTest . java

import java.awt.*;

import java.awt.event.#;
import Jjava.io.*;

import java.util.*;

import java.util.concurrent.*;
import Jjavax.swing. *;

Jr*

DaHHasg nporpaMMa JeMOHCTPpMPyeT TPMHUMIE CO30aHMA

pafoderc [HOTOKA, B paMrKax KOTOPODO MOTIYT pemarbcs sanaqg,
Tpefyoule INMTENBHBX BLMHACASHMHA .

%/ .

public class SwingWorkerTest

?ublic static void main(String(]l aras) throws Exception
JFrame frame = new SwingWorkerFrame();
frame.setDefaultClogeOperation {JFrame .EXIT ON_CLOSE) ;
frame.setVisible {true)};

}

}

/**
B nanHoM QperiMe CORepimMTCHa TekCToBad 08JacThb, NpegHasBadeHHAas
oA oToCpaXeHMa COOeRXMMOIS TeKCTOBOTC (alila, MeHD, To3BoIadpnIes
OTKPRBATE QaMll M OTKa3KBATBECH OT IPOLECCa el0 3aTpy3KH,
M CTPOKa COCTOAHMA, B KOTOPOM OTpaXkaeTCA NPoUecs BarpysSKK
dbarina.

*/

class SwingWorkerFrame extends Jframe
public SwingWorkerFrame ()

chooser = new JFileChcoser();
chooser.setCurrentDirectory{new File("."}));

textArea = new JTexthreal();
add {(new JScrollPane (textArea)};
setSize (DEFAULT WIDTH, DEFAULT HEIGHT) ;

statusline = new JLabel();
add (statusLine, BorderLayout.SOUTH) ;
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JMenuBay menuBar = new JMenuBari{);
setJMenuBar (menuBar) ;

JMenu menu = new JMenu("File") ;
menuBar . add {menu) ;

openltem = new JMenultem({"Cpen"};

menu.add (cpenItem) ;

cpenltem.addActionListener (new
ActionListener ()

public veoid actionPerformed (ActionEvent event)

{

// Dunanorosoe OxkHO BHGopa dalina.
int result = chooser.showOpenDialog(null);

// Ecym darin BHSPaH, OTOOpAXaeTCs MMETOTPAMMA .

if {result == JFileChooser.APPROVE CPTICN)

readFile (chooser.get8BelectedFile());

}
}
P

cancelltem = new JMenultem("Cancel") ;

menu.add (cancelltem) ;

cancelltem.setEnabled (false) ;

cancelltem,addActionlistener (new
ActionListener ()}

public void actionPerformed{ActiconBEvent event)

if {workerThread != null) workerThread.interrupt (};

| 1)
/%*
YuraeT HaMT B ACHMHXPOHHOM RPEXME; B [IPOLECCe UTEHMUHA
OBHOBIIAST NOJIBRQBATEALCKMA MHTepdeic.
@param file ¢ain mna yTeHKS
*/ ’
public void readFile(final File file)
Runnaple task = new
SwingWorkerTask{)

public veid init ()
lineNumber = 0;

openltem.setEnabled (false) ;
cancelltem.getEnabled(true) ;

public void update ()

[
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statusLine.setText ("' + lineNumber);

public void finish()

workerThread = null;
openltem.getEnabled {true};
cancelltem.setEnabled (false)} ;
statusline.getText ("Done") ;

}

public veid work{)

{

try

Scanner in = new Scanner (new
FileInputStream(file)};

textArea.setText ("") ;

while {(!Thread.currentThread() .isInterrupted()

{ && in.hasNextlLine())

lineNumber++;

line = in.nextLine(};
textArea.append{line) ;
textArea.append ("\n"} ;
delUpdate () ;

}
catch (ICException e)

JOptionPane.showMessagelDialog(null, "' + e);

}
}

private String line;
private int lineNumber;

workerThread = new Thread(task);
workerThread.start () ;

}

private JFileChooser chooser;
private JTextArea textArea;
private JLabel statusLine;
private JMenultem openltem;
private JMenultem cancelltem;
private Thread workerThread;

public static final int DEFAULT WIDTH = 450;
public static final int DEFAULT HEIGHT = 2350;

}
/**

Pacumpan OAHHETL KJIacC, MOXHO OIpeleJIMTh 3alavy, BHITONHAKHYRCA
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B ACUMHXPOHHOM PEMMMe 1 o@aoahsmmym urrTepdperc Swing.
* / ’

abstract class SwingWorkerTask implements Runnable

/**
B OaHHOM METONe PeaaM3yeTCs pelleHre s3afjaduM.
Y6enuTecs B TOM, YTO OJ4 OOHOBJASHMA COCTOAHMS
varepdeica TNOCHe BLTONHEHWA dHacTi pabormhl MCNoHL3IyeTCa
meron doUpdate ()}, a re update().
*/f
public abstract void work() throws InterruptediException;
/**
llepeonpenesisa OAHHLIM MeTOL, MOXHO DEAJIM30BATL Clepaluu
C MONb30BATENECKMM MHTepbelcoM, BHNOIHASMES

0o Hauamna paboT.
* / '
public void init() {}
/**
llepeonpenenas HaHHEDI METON, MOXHO PeallM30BaTE ONepPALVM
C NCJIB30BATENLCKMM MHTepdelcoM, oCyYmecTBIAeMEs Nocse
BENOJHEHWA 4acTH pafoTm,
*/
public void update(} {}
/**
Nepeonpenenssa DaHHEIT MeTOM, MOXHO DEaTM3C0BATL OISRALMM
C HOMNLICBATENLCKMM MHTepdelcoM, BHIOOJNHASMER NGCHe
3aBepileHnd paboTel.
*
public void finish() {}

private void doInit ()

{

EventQueue. invokelater (new
Runnable()

public veid runi) { init(); } .
B '
!

/’**
HaHHEDT MeTOn BESHBASTCA u2 mMeToDa work() u cfHoBIseT
urTepderc nocNe BROONHSHWMA HacTu padoTH,

*/

protected final void doUpdate()

if {done) return;
EventQueue. invokelater (new
Runnable {)

public void run{) { update(}; }
1 !
1

private void doFinish()

{
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EventQueue. invokelLater (new
Runnable ()

public veid run{(} { finish{(); }
s

public final void run{)

{

doInit () ;

try

{
done = false;
work () ;

catch (InterruptedException ex)

finally

{

dene = true;
doFinishi{};

}

private boolean done;






HABOPbLI JAHHbIX

B aToi rnase...

WHrepdrec HaBOPOB OaHHbIX
KoHkpeTHeIE HABoPb! AaHHBLIX

BazoBble cpeacTea Ana PabdoThl G AaHHbIMK
ANTOPATMBI

Mcnonb3oBaHWe cylLecTBOBAEBLLMX paHee
HaBopOB DaHHEIX

4

4 4 4 4

B HapajirMe 00 BEKTHO-OPUEHTHPOBAHHOIO MPOrpaMMHPOBAHHNA TOIACPAMBACTCI KOH-
e a HAKAICYARLE JAHHBIX BHYTPU KIaccos. OIHaKe 310 HE O3HAYACT, W10 Crocabbl pasz-
MEMIEHMS AAHHDBIX UIPAIT MEHEE BAKHYIO PONB, Y€M B TPANWIUOHHBIX TapaguIMaX IIpoTpamM-
MHMpPORAHH. KOHEYHO K€, MCIOIb3YEMas CTPYKTYPa AAHHBIX 3ABHCHT OT pemacMOn 3aTATH.
HyxHo 1 BaM OLICTRO HAXOAWTE HHOPMAIMIO CPEAM THICAY {JUTH e MWUIMOHOB) 31eMek-
TOB. TpeGyeTCH JI CO3/ABATH YIIOPALOIEHHYIO 1MOCAEAOBATEIBHOCTE MEMEHTOB M HAJA0 M
BCTABAATD M YIAIHTh MEMEHTDI B 060 ee noaunmu. MoxkeT ObITh, 118 PAbOTEL [IPOIPAMMBI
HyKeH pacTymuii Maccnp? CIoco6 OPraHU3ATNAN TAHHBIX BHYTPH KUIACCA HMEET OUeHb GOMbILGE
SHAYUCHHUEC A4 Peaari3alul MCTOAOB H JOCTIRKCHHSA MAaKCHMaIBHOM HPOU3BONUTCABHOCTH.

B »Toil riaBe nokazaHo, KAk TEXHOJAOTH Java MOMOTaeT MCIOIL30BATh TPRAAMUMOHHDIC
CTPYKTYPbI JaHHDBIX JUIA CO3TaHus HAgeKHBIX B 3(1)(1)61{'1‘143}11)17( nporpammM. B cryaenuecknx
yueGHBIX NPOrpaMMax 1o HH{popMaTuke kype “CrpyKTyphl JAHKBIX, KAK MPABIIO, PACcCyl-
Tad Ha ofHH cemecTp. llosroMy HETPYAHO AOTaAaThCA, UTO BTOH BAMKHON TEMATHKE MTOCBI-
NICHO OIPOMHOE KOAMYECTBO KHUT. PasymeeTcs, B 3TOIl rase He MpeCIeayeTcCs Mens O
CaTb KCE THUIL!I CTPYKTYP JAHHBLIX, KOTOPBIE MCIONBL3VIOTCA B TPOIPAMMMPOBAHHN. 3[ech
peub MACT JHIIb O TEX prHI[aMEHTEUIbeIX CTRYKTYPAX, KOTOPBIEC HOANEIKHUBAIOTCH B A3bIKC
Java. ABTOpr HANEIOTCAd, YTO MOCNAEC HMIVUEHNA IlaHHOI‘;I TJ4BBI YHUTATEAM CMOIYT JETKO
0OPMHUTH CBOH JAHHBIE B BUJAE CTPYKTYD A3BIKA Java.

HuTepeiicnl HaGOPOB TaHHBIX

Jo noserenns JDK 1.2 cramgapruas 6ubamoTexka comepiRaia MU HeGOMBMONH HAGOP
KJIACCOB LI HANBONEe YacTo UCHIOBb3yeEMBIX CTRYKTYD MaHHBIX: Vector, Stack, Hashtable,
BitSet u nwrepdefic Enumeration, npefocrarmmonpsl abcTpakTHEI Mexanuzm pabori
€ 3MEMEHTAMH B IPOU3BOILHOM KOHTeHHepe, Bribop TOMEKO OCHOBHAIX CTPYKTYP AAHHBIX Ha
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Ha4aABHOM 3Tale PasBUTUA Java ObLT OIIPABIAH TEM, YTO JUIS COJAHNUS OOIHPHON GUGIHOTEKH
KJAACCOB, pPeanuayioniy Habopsl JaHHENY, MOTPeGOBATOCH GbI 3aTPATUTEL TOPaano GOJbLIE Bpe-
MEHM M YCRUTHIL. .

Oanaxo 5 JDK 1.2 paspaborauiy BKTIOUMIH YKe AOCTATOUHO OONMPHETA 1 DOAHEL HaGop
CTPYKTYP AaHHBIX. [TpH 5TOM OHM CTOJKHYMHCH € pAAOM KOH(IHKTHBIX cHTYanmit, G oauod cro-
PO¥El, OHM XOTeMH GBI, 9TOOR 3712 6UGIMOTeKA 6hUTa HeGOMIBIIOH W IPOCTOH B H3YYEeHUH, T.€.
[IpEAIIOIAraal H30CHKATE CIOKHOCTH, IIPHCYINeil GHOAMOTEKe CTAHAAPTHLIX abionos Standard
Template Library (STL) s3bmxa C++ A ¢ gpyrol CTOPOHEL, EIATENBHO ObUIO Gbl BOCIONBIO
BaTBCH “YHHBEPCAIBHBIMM AJITOPHTMAMI, KOTOPLIE BIEPBLIE NOABMIHCE B Gubmnotexke STL.
Kpome Toro, X0TeNoch NCNOIb30BATh YHACIEAOBAHHDIE KITACChI M3 HPEXHIX Bepcuii Java. Kak u
BCEM pa3paboTuukaM Gubaorek AABOPOR JAHHLIX, M TPHITLIOCH TIPHHHMATH KOMIIPOMICCHRIE
M He BCErja yaa4Heic pemenus. B arom pazgene paccMaTpHBaeTcs oflias Hepapxus HaGopor
AXHHBIK $3bIKA Java, TPUBOAATCA CTIOCOORI VX MCTIONB3OBAHMA, A TaKKe MOTHBBL COZLAHUA H
[pHMEHCHIA HCKOTOPBIX HaboJIee NPOTHBOPEIHBBIX 2IEMEHTOB BTOM HEepapXUIL.

Pasdenenue unmepdeiica u pearusayuu nabopa dannvix

[MopoGHO MHOTHM JPYTHM COBPEMEHHBIM GHGIMOTERAM, PeATHIYIOITNM CTPYKTYPBL JAHHBIX,
B GubIHOTEKE 3bIKA Java pasnesorcs unmepgeiic (interface) U pearusayus (implementation) vato-
pa aarabx. PACCMOTPUM B KA9eCTRe MPHMepa 3HAKOMYIC CTPYKTYPY, 2 MMEHHO ouepeds ( queus).

B unmepgpeiice cuepedu (queue interface) 0OBBIMHO NEPEUNCAMIOTCS ONEpalUM A0GABTEHUA
ANEMEHTA B XBOCT OUEPETH, YRATCHUS 3/MEMEHTa M3 FOJOBbl OUepeNH, a TaKKe Olpeaene-
HHS KOAMYCCTBA JEMEHTOB B ouepeay. Ouepens HCIIONB3YETCH I YIPaBIeHua 06heKTa-
M 110 IIPHHITAIY “NepBbIi BOIIEN — HEpBHIH Bumen” {puc. 2.1).

]

lonoea . XBoGT

Prc. 2.1. Ogepenn

MHHHMATBHBIN BApHUAHT nﬂ’repq:ael‘flca Oo4depe iy BEIIAANT nogotHo TOMY, KaK [TOKA3aHO
HIXE, ’

interface Queue<E> // YrpomeHHEDT BapMAHT MHTepdelica ouepem

void add(E element} ;
E remove();
int size();

JroT uHTepdelc HHYEro He roBOPHT O TOM, KaK peaan3opaHa ouepenns. CymecTsyer
[iBA PACTPOCTPAHEHHBIX BAPHAHTA DEATHIAIMH OUepeJU: KPYTOBoii MaccHR (circular array)
u cBasHb cnvcok (linked list), koTophle cXeMaTHYECKH MOKA3AHEI Ha pHcC. 2.2,
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Puc, 2.2, BapaanTsl peaTu3aiiii ouepean

Hauukaa ¢ JDK 5.0 Habopbl AgHHLIX peanvayioTca B BUAE YHUBEPGANbHLIX KIAaCcCOR G na-

D pameTpamMn TunNa. Ecnu Bbl noenonb3yete Bonee CcTapeie Bepcuu Java, npraeTtcs yoanuTs
napameTpsl TMNa ¥ 3aMEHWUTE YHUBEPCANbHEIE KNACCH! KNacCom Obiect. JONOAHUTENBHYI)
UHGopMaUMio 00 YRMBeRCaNbHBIX KNaccax MOXHO HalTy B rnase 13 Toma l.

Kasxaprit M3 BapHAHTOB PEANTH3AIUM OUYEDEAN MOMEKHO BBIPA3HTH KAK KJIACC, PEAIHIYIO-
muif MHTepdeic Quele.

class CircularArrayQueue<E> implements Queue<E> // He SubnmMoreyHnli KJIacc
{

CircularbrrayQueue {int capacity) { . . .}

public void add(E element) { . . . }

public E remove() { . . . }

public int size{) { 1

private E[] elements;

private int head;

private int tail;

}

class LinkedListQueue<E> implements Queue<E> // He OuOMMOTEuYHER! KNacc

{

LinkedListQueue () { . . . }
public void add(E element) { . . . }
public E remove() { . . . }
public int sizel) { . . . }

private Link head;
private Link tail;
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B OubnuoTeke Java HeT KNaccos C UMeHaMM CircularArrayQueue U LinkedListQueue.
Mbl UCnonb3yeM 3TWU KNacChl KAK NPUMER, MOACHAIOWWE PasmiMe Mexay uHTepdeaicamm 1
peanusaunei Habopos gaHHbIX. ECAWM Bam ASRCTBMTENLHO HYXKHA oYepeas Ha 6ase Kpyrosoro
MECCHBE, B MONETE MCNIONL30BATL KNACC ArrayBlockingQueuse, OMWCaHHLIA B rnase 1.
Ans paboTel ¢ 04ePenkbio Ha OCHOBE CBABHOIC CNWCKA JOCTATONHO VLG UCNONE30BATE KNACC
LinkedList; OH peanusyer uHTepdeic Queue.

HpH HCIIOABL30OBAHHUH OYEpREIAN B HPOTrpaMMe MOC/IC €€ CO3JaHNs COBCEM HE 06:3aTETLHO
3HATD, KaKafl UMEHHO PEANH3ANNL HPHMQHHCTCH. HOSTOMY VKA3BIBATD KOHKpETHbII‘/JI Kinacc
(Hanpﬂmep, CircularArrayQueue) CAEAYET MoAtKo TPH KOHCTPYHPOBAHMH 0OBeKTa,
peaausyioniero Habop JaHHeX. B aanrhHeMmeM THI CCHIIKH HA HAGOP AaHHBIX OLPeAe/IsIeT
¢ unTeppeiicom.

Queuve«Customer> expresslane = new CircularadrrayQueue<Customer={100);
expresslane . add (new Customer ("Harrvy"});

JaHHBI I0AXOA MO3BOAAET JACIKO IEPEHTH K M0G0 APYro# peainsaliy, PENaKTHPYA TOJb-
KO KO KOHCTRYKTOpa Habops! gauHbIX. Ecim oxamercy, 4To yI00HO HCMOIB20BATE PEATM3ALNIO
LinkedbListQueue, TO IPHBEACHHBIN BBIIE KO M3MEHHTCA CIICAVIOMIM 06pa30M:

Queue<Customer> expressLane = new LinkedListQueue<Customers () ;
expressLane . add (new Customer ("Harry")}; :

B kaxkmx cayvasx cAeayeT NCIOIbh30BaTh Ty HAM HHYI0 peannsanmior Murepdeiic ve mo-
KET AATh OTBET HA BOTIPOC 06 3 PexTUBHOCTH pa3HbIX peatndanuil. Kak uasecrHo, Kpyro-
BOH MaccuB paboraer zpekTUBHEE, Y€M CBH3HBIA CHHCOK, II03TOMY B DOJIBIIHHCTBE CJIy-
qdeB NPEATOYUTAIOT HCMOMBL30BATEL UMEHHO ero. QaHako, Kak BCerja, 3a 2TOo NPHXOAUTCA
pacruraurBaTecs. Kpyrosoif maccus npegcrasiseT coboii sepanuneniodl HAGOP JaHHBIX, T.C.
€ro eMKOCTb KoHewna. Ecin MakcuMaibHOE KOJIHYECTBO ero 3JeMEHTOR 3apaHee He u3-
BCCTHO, Jy4NIe BOCHONB30BATHCA Peanu3anyef Ha OCHORBE CBASHONQ CIIHCKA.

Paboran ¢ goxymenTanmei no APL, Bet Hafizere Halop KIACCOB, UMCHA KOTOPHIX HAYM-
HAITCH €O CnoBa Abstract, Hanpumep AbstractQueue, ITH KAACCHI npeaHasHayeHbl
JUIA CHCIHMATUCTOB, 3AHUMAICINUXCA peanusanuei 6udnnoreunnix cpeacts. Cospasas cod-
CTBEHHBIA KIACC ouepean, upolue 'pacmupwrb Kaace AbstraciQueus, ueM peannaoearb
BCE METOALL, 06 bABJEHHBE B HHTepdelce Queue. ‘

Humeppeiicn Collection u Iterator

DynpaMeHTATLHBIM UHTepdeiicoM M KIaccoB, NOLICPAMBAIOINK HAGOPLI JAHHEIX,
B BubimoTeke Java apnsetca untepdeiic Collection, B KoTOpOM OOBABIEHDI CACAYIOLIHE
ApBd OCHOBHBIX METOAA!

public interface Collection<Es

{ o0
boclean add(E element) ;
Iterator<E> iterator(};

TTomumo mux, untepdeiic Collection cofepXuT ele HECKOABKO METOAOB, KOTOPBIE
SyayT 0OCYRAATBCH AAICE.

Meron add () aoGarngeT saeMeHT K HaGopy M BO3BpallaeT MG 3HAYeHUE true, eCaH Ha-
6Op AaHHBIX MaMeHHAcd, inbo falge B npoTueHoM ¢rviae. Hampumep, eI TONBITATLCH J0-
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GABUTL B MHOMKECTBO YAKE CYIIECTRYIOMHE 00beKT, T0 sanpoc add () GyAeT OTBEPTHYT, HOCKMIE
KY 110 OIPEACICHHI0 MHOKCCTEO HE MOXKET COACPKATD AyOIHPYIOIHMECa O0bEKTHL.

Merog iterator () posspamaeT o6beKT-UTEPATOD, peaaHayonit MHTepdelic Iterator.
OH IpUMEHAETCS A1 IIOCIEAOBATEIBHOTO OSPAMEHHS K 31eMeHTaM HaGOPbI JaHHBIX.

Hmepamopa
B nuTepdeiice Iterator onpeieieHpl CIeIYOIHE TPH OCHOBHBIX METONA:

public interface Iterator<Es>

E next();
boolean hasNext () ;
veid remove () ;

1locnefoBaTeNbHO EbIIBIBAA METOA NeXt {}, MOXxHO nepebpaTh BCE DNEMEHTH HAOOPA JAH-
Hpx. [lo gocTisxenny KoHIa Habopa reHepupyeTcs ncknodenue NoSuchElement Exception,
HO3TOMY [IEPE] BRI3OBOM METOMa NeXt () cieiyeT BbI3bIBATE METO hasNext (), KOTOPBIH BO3-
BpaljaeT 3Ha4eHHe Crue, el KOHEH Habopa JalHbIK €1ie HE ROCTHIHYT M OGHCKT-HTCPATOP
MOKET MEPERTH K CIEAYIOIEMy BeMeHTY. Jlna nepefopa BCEX 2IEMEHTOB HAGOpa HYKHO 3Arpo-
CUTH OGLEKT-UTEPATOP M MPOACGKATH BHI3LIBATE METOH next {} A0 TeX mop, IOXa METOA
hasNext () BosBpallaeT 3HaYEHHE Lrue.
Collection<Strings> c =

Iterator<String> iter = ¢.iterator();
while (iter.hasNext {))

String element = iter.next();
BRIMOJIHEHMEe OeHCTBIGT C© JTSMeHTOM

B JDK 5.0 mogasuaach BO3ZMOKHOCTE COKPATHTE 3anuch nuiia. Te e camole geficTBHS
MOZKHO ONIPERCINTD, MCIIOAB3YS UMKt “for each”

for {(String element : c)

BrrioAHeHMEe OeHCTBME © BJICMEHTOM

Komnunarop nipeoGpasyer kit “for each” B 0BbIUHBL LMK ¢ UTEPATOPOM.
Huxn “for each” paoraer ¢ MOOBIM OOBEKTOM, PeAIUYIOIMM WHTEpdeiic Iterable,
B KOTOPOM OODBABIEH eIUHCTBEHHEIN MeToz,

public interface Iterable<E>

{

Iterator<Es> iterator();

Hurepgeiic Collection pacmupser maTepdeiic Iterable. TlosroMy OHMKT
“for each” npumennM aia m0Goro Habopa JAHHLIX W3 CTAHAAPTHOMN GUSIHOTEKM.

HNopazox nepebopa a1eMeHTOB 3aBUCHT OT THOA HAGOPa AaHHLIX. Ecny sr1 paboraere ¢
obbexroM ArrayList, UTeparop HAYMHAET ¢ MHAeKca (} M YBEIHYMBACT MHIEKC HA €IMHK
Iy Ha KaxAoM mare. Eciy xe B BammeM pacnopsamxeHny HaxofuTcd obbekr HashSet, 10 1o~
PAROK CJIEAOBAHNS AECMEHTOR MOMXKET TIOKAATHCH CaydaliubiM. Menonkaya ureparop, Bol
MOXETE OBIThH YREPEHDL, UTQ OH MEPEGEPET RCE HIEMEHTHI, HO CTPOHTL HPEANOIOKEHNA
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O NOpAIKE, B KOTOPOM OHH SyAYT NPEAbABIATECA NPOTPaMMe, IIC MEHBIIEH Mepe pHCKO-
BaHHO. B 60/bUIMHCTEE CIydaeB NOPAAOK CAENOBAHUA HIEMEHTOB HE HMEET HUKAKOro 3Ha-
YeHHS 1 HE BAMAET Ha MOJYICHHE KOPPEKTHBIX PE3YALTATOB.

OnbITHEIE NPOrPAMMUGCTBI MOTYT 3aMETUTL, 4TO METOABI next () 1 hasNext () uHTepgei-
ca Iterator aHaNorMiuHbl METOAEM nextElement () 1 hasMoreElements (} uHTepdeiica
Enumeration. PaspaBoTyukn GubavorTekn HaBopoE AdHHLIX NaaTgopMb Java morny Obl
WMCNONL30BAaTL NPK NOCTPOEHWA UTEPATOPOR MHTERPdENC Enumeration, OAHAKO UM He No-
HPABUITACE 3AMNYTaHHLIE HA3BAHWA METOZ0R, NO3ITOMY B HOBOM WHTEpR(EeRcae MCNOALB3YIDTCH
Bonee KOPOTKME MMEHA.

Mexay wreparopamn Snoimnorexu 2abopod AaHHbIX Java B HrepaTopaMu Apyrin Grubanorex
CYIECTBYET BANHOE KOHUENTYATLHOE pasmiruMe. B TpanmioHnsx 6u6IHoTekax HabopoB JaH-
HEIX, HANpUMep B BUBIHOTeKe CTAMAAPTHEIX A0/ 10HOB Aakika U+, nTepaTopbl MOZENHDYIOTC
KAK MHAEKCH MACCHBA, 3HAS HTEPATOD, MOKHO HENOCPEACTBEHHO OGPATHTRCA K 2MeMEHTY Ha-
6opa, HaXOAMNEMYCA B JAHHOH NO3HILINH, noaotHG TOMY KAK 3TO JEIAeTCH LIS BIEMEHTA MACCH-
ma a [1] upw sasandom nufexce 1. HesasrcnMo or cniocoGa oGpaiiieHus, HTEPATOP MOXKHO e
PEMECTHTD B CIEAYIOLIYIO IIO3ULIMIC MOCPEACTBOM oflepantnyl 1++. B Java dTeparope!l mpuMeHs-
foTcst no-Apyromy. OGpaIieHre K 31eMeHTY U U3MCHEHHE O3MIHU TECHO CBA3AHDI, TOCKO/IBKY
€IMHCTBEHHBIH crnoced ofpameHns K 3MeMeHTY OCHOBaH HA BBI30BE €70 MeToAa next (), yro
MPHBOIUT K HEPCMEICHAK B CICIYIOIYIO NO3HITHIO.

HrepaTopsl B Java MOXHO pacCMAaTpHBaTh TaK, Kak OyATO OHM HAXOAATCHA MEXCOY JAEMEN-
mamu. Ilpy BEIZOBe MeToza next (] HTepaTop “NEPECKaKMBACT 4HEpea CIepyIomuH ane-
MCHT ¥ BO3BPANIAeT CChUIKY HA Hero (puc. 2.3).

1
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Boaspaliaemblit
NEeMEeHT

Puc. 2.3. IlepeMernmenne HTepaTopa
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’

BoizoB MeToda iterator.next () MOXHC YCNOBHO CPaBHUTb C METOAOM InputStream.
read(), TaKk kaK npuv cyuTelBaHu BaiTa w3 MOToKa aBTOMATUHECKM MPOMCXOAUT €ro
“notpebnenue”. Janee Creayloumnin BeIZ0B MeToAA read () NPMBOAWT K NOTREONEHMIO U
BO3BPALUEHIIO Crenyiowere Jailta 13 norToka. ARanordHo NOCNeaCBaTENbHBIE Bhi30BbI
METONA next (} CUMTBLIBAIOT BGE NEMEHTH Habopa JaHHbiX.

Ydanenue anemenmos

Mertoa remove {) HHTepq)ef«’[ca Tterator yHaIfeT 3JIEMEHT, BOSBPAIIEHHBIA B DE3YILTA-
TE NOCAEAHETO BbI30BA MeTOAA next (). B GompimmBCTBe Cayvuacs 5TO yAOGHO: BaM HyKHO
[IPOCMOTPETE YIEMEHT, EPe/ TeM KAK TPHHUMATh PEeHHe O €ro yaameHun, Ho ecnu Bol xo-
TUTE YIAIUTE JJICMEHT, HaxoASIuics B 3aJaHHol NO3MIuH, BaM HeoGxoaumMo “noiit” no He-
ro. Haopumep, nokaskeM, Kak yAaasaeTcs IEPBLIH ajeMEHT Habopa CTPOK.

Iterator it = c.iterator();
it.next () ; // TpOonyCcTHUT: [epBLIT SJI&MEHT .
it.remove(); // Ymoanure ero.

YuTuTE, YTO MEKAY BRISOBAMM METOAOB next () u remove ()} cymecTeyeT CTpOras
B3aMMOCBH3b. Helb3s BbisgaTh METOJ remove { ), €CIH eMy HE NPEJUICCTBYET BHI3OB METOAa
next (). Ecom noneitaTecsd ¢aenaTh 370, OYAET CrEHePHUPOBAHO HCKIWYeHue Tllegal-
StateExcepticn.

Ecmu TpebyeTca yAAIMTE ABA COCEIHUX BJIEMEHTa, HEAb3A OPOCTO ABAKABL TIOAPAN
BBI3BATL METOJ remove ().

it.remove{};
it.remove{); // Oumbka!

HyxHo cHabana BRI3BATH METOJ NeXE, YToGh “NepeNphITHYTE” YePes HMeMEHT, Nojiie-
AU yAAMTEHUID,

it.remove () ;
it.next{);
it.remove(); // lNpasunsHo!

Yuugepcaasibie acnoMozamensbie Menoost

HMurepdeticy Collection m Tterator SABAAKTCA YHHBEDCANBHBIMM, IMODTOMY A4
HMX MOYKHO COZZABATL YHHBEPCANBHBIE METOABI, padoTamMe AT TIOOMX HAGOpPOB xaH-
Hbux. Hinke mokasaso, Kak BBINISANT YHMBEPCAUIBHBII METO, MPOBEPHIONIHA, COAEPHKUTCA
2 YKAa3aHHEBINA 9JEMEHT B IIPOH3BOJBHOM Habope AAHHBIX.

public static <E> boolean contains({Collection<E> ¢, Object obj)

{

for (E element : c)
if (element.equals{cbi)}
return true;
return false;

Paspaborunky GuGIHOTEKU Java peNTaY, yro HEKOTOPEIE M3 3TUX YHHBePCalbHBIX Me-
TOJOB HACTOJBKO [IOIE3HBI, 9TO JOLKHEL MOAAEPKUBATECH BubinoTekoit. hraroaaps stomy
TIOABIOBATEAAM HE HYMKHO BHOBB "H300DETATD KOMCCO” H CAMOCTOSTEIBHO CO3AABATE BCIO-
MOTATeAbHBIE METOALI, Halpumep containg (),
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B unreperice Collection o6naBIeHO HECKOABKO HOACIHBIX METOROB, I(O'I‘Opbl.e JOJIHHBI
HOAAEKHBATHCA BO BCEX PEATUIYVIOIUX €10 KIAcCax.

int sizel}

boolean isEmpty (}

boolean contains (Cbject obj)

SEEREER. R ANTEE RS e ond > )
boclean equals (Cbject other)
boolean addAll{Cocllecticn<? extends E> from)
boolean remove (Cbject obj)
boolean removeAll (Collection<?> cj
void clear (}
boolean retainAll (Collection<?> c}
Cbhiject [] teoArray ()
<T» T[] toArray{T[] arrayToFill)

HMMeHa MHOMMX M3 3TUX METONOB JAIOT ITOJHOE NPELCTABICHUE 06 MX HABHAYEHHH.
[ToapobHoe oIHCcaHHe MOMKHO HARTH B AOKYMeHTanuu o APL

PazymeeTos, npuMeHenie KaABIM KIACCOM, peanuayionum uatepdetic Collection, Tako
ro KOIMYeCTBa CTAHJAPTHBIX METOZOB ObUIO Gbl CIMINKOM O0peMeHMTeNsHBIM. YTOGHL yIpo-
CTUTH NPOLECC MX peaausalnny, B Kiacce AbgtractCollection ocTapieHb abCTPAKTHBIMH
TOMLRKO (hyHAaMEHTANBHEIE METOIBI {TaKHe, Kak size (] M iterator{}), a Ha Ux ocHOBe pea-
JIM30BAHBI BCE OCTAILHBIE CTAHAAPTHHIE METO/ b,

public abstract class AbstractCollection<Ex
implements Collection<E»

public abstract Iterator<E> iterator({);
public boclean contains (Object cbhj}

for (E element : c) // BuzoB Meroza iterator ()
if (element.equals(cbi})
return = true;
return false;

Tenepns KOHKPETHBLIH KAACC, MPEACTABIAIOINME HAOOD AdHHBIX, MOMKET pPaCIIHPHTH
Kracc AbstractCollection 3a cueT peaTu3amH MeToija iterator(), a MeTox
containg (} yxe peanus3oBaH B POANTETRCKOM KrTacce AbstractCollection. Oauako
ecay JodYepHU KIACC COAEPKUT Gonee ahEeKTHBHBIH BAPDUAHT pELIMIALNN MeT0ld
contains (}, TO €0 MOKHO HCIIOIb30BATE BMECTO BAPHAHTA U3 POAUTENLCKOIO KAACCA.

Takoll NpUHOMUO CO3JaHMIA KAACCOB, NPEICTABAAIMIX HabOPH JaHHLIX, MPEKPACHo
NOAXOLUT [IOKL30BATE/IM U paspaboryHkaM. [foabaoBaTers KJIacCOB AaHHBIX UMEIOT JOC-
TATOUHO GOTaThI BRIGOP YHHMBCPCAIBHLIX METOZOB, A pa3spaGoTUMKAM CTPYKTYP AAHHBIX
He TpebyeTcs peal30BaTh BCE BCIOMOTATEILHbBIE METCADL.




;]Kava Tutil.CollectioneEs

WrTepdeicsl HaboPOB OAHHbIX 129

Tterator<E> iterator()

Boappamaer ureparop, HCNonb3yeMmblid 118 obpallleHUs K 3neMedHTam Habopa
HAHHBIX.

int sizel()

BosspamaeT TeKymee KOJMIECTBO 51eMEHTOB B Habope TAHHbBIX.

boolean isEmpty (}
BosepamaeT 3HaueHHe Ly ue, eCAH HAGOP AZHHBIX HE COACPKHT 31¢MEHTOR,

boolean contains (Chject obj)

BosepamaeT 3naueHne true, ecim HabOP JAHHBIK COXEPKHUT OOBCKT, SKBHBATCHT-
HbIH b7,

boolean containsAll (Collection<?> other)

Bosspawaer aHaucHne true, ecan Tekymdl HaGOp JAHHBIX COACPIKHT BCE BIEMEH-
TH HAGOpPEI JaHHBIX Other,

boolean add(Object element)

Jobapngcr sneMeHT B HAGOP JaHHbIX. BodBpainaeT 3HaveHUEe true, €CNM B Pe3yab
TATE BBI3OBA METOAA HAGOD JAHHBIX M3MEHMHICS.

boolean addall (Collection<? extends E-» other)

Jobasraer Bee paeMeHThl M3 HAGODA AAHHLIX other B Texymmit HaGop. Bosspampaer
3HAYEHHE LYUe, eCIM TEKYIH HAbOP ZAHHBIX M3IMEHIUICSH B PEAVILTATE BHIA0BA METO/AA.
boolean remove (Object obj)

Ynanaer o6pext obj u3 nabopa ganueix. Bosspamaer apadeHne true, ecim 06bEKT
BBLI YAAIEH.

boolean removedAll (Collection<?> cother)

Yaanger m3 rexymero Habopa ZaHHDIX BCE IEMCHTHI, cOAep:kamuecs B Habope
other. Boseppamaer sHaYeHME CIUE, €CAM B PESYNLTATE BbI30BA METOMa HAbOD JaH-
HBIX M3MEHH/ICH.

void clear ()

Yaanser 13 TeKywero Habopa AaHHbIX BCE BIEMEHTEL

boolean retainAll (Ccllection<?> other)

Yraanser ua JaHBOrO HaGopa JAHHBIX 3IEMENTR, He CORIAMAIONIME ¢ TEMU, KOTOpEIe
coaepxarcs B mabope cther. Bosspamaer aHadenue true, ecrd HaGOp JaHHDBIX
M3MCHMICS B Pe3YJIbTATE BBI30BA METOIA. \

Cbject ] toArray!{)

BosspamaeT maccue ¢ OOBeKTaMH M3 HA0OPa JAHHBIX.

java.util.Iterator<E> 1.

boolean hasNext ()
BoappamraeT 3HaucHME true, €CIH CYMECTBYET CACAYIOMMH 3AeMEHT, K KOTOPOMY
MO}KHO ODpaTuThCA.
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* Object nexti{)
Boappamaer chaexyiommii ob6bext. lenepupyer uckmouenHe NoSuchElement-
Except ion, ecan oCcTHUTHYT KoHer Habopa JaHHLIX.

s void remove ()
Ypanser nocre i i MpOYNTAHHEIN a71eMenT. TOT METOA AOMKEH BbIILIBATHCA Cpa-
3y e nociae obpameHnd K paeMeHTy, ECaM rnocie yTeHHA AJEMEHTA HABOD AaHHbBIX
M3MEHWICH, JAHHBIA METO/ reHIepUPYCT UCKTIOYEHVE IllegalStateExcepticn.

KoHkpeTHBIE HA60PHI JaHHBIX

Ipesxae yeM IPUCTYATE K TOJPOOHOMY PACCMOTPEHUIO HHTEP(hECoB, TIO3HAKOMUMCH CO
CTPYKTYPAMHE ZZHHEBIX, KOTOPLIC HOALEPKHUBAIOTCA B GubmioTexe Java. llocne npegsapyrenb:
HOTO 3HAKOMCTBA C OCHOBHBIMM KJTACCAMH CTPYKTYP JAHHBIX Mbl BHOBb BEPHEMCH K aDCTPaKT-
HBEIM [IOHATHAM M YBHAHNM, KAKO€ MECTO 3aHHMAOT 3TH KIACCH B Hepapxuy HaGopos JaHHBIX,
B 71265, 2.1 xpaTKO OnMCaNB! KAACCH! 13 OUGAHOTEXN Java, IpeACTaBiAIom# e HaboPLl JAHHBIX.
(YTo6b!I YIPOCTHTE PACCMOTPEHME MaTEPHAla, Mbl HE IPHBOJMM 316ch Habopbl, obecneun-
paromye 6e30nacHyo paboTy ¢ IOTOKaMU, KOTOPbIC OMMcankl & riase 1.} Bee knaccr us taba.
2.1, 32 UCKTICUEHNEM TEX, HMEHA KOTOPERIX OKAHYMBAIOTCH CIOBOM Map, PEamM3yioT UHTEp-
deiic Collection. Kiaccel ¢ uMeHAMH, OKaHUMBAIOMNIMHCA Ha Map peajlayloT HHTEP-
pelic Map, KOTOPRII paccMAaTPHEAETCA flajiee B TIABE.

Tabanua 2.1. HaGopbr naHHbIX 13 GHOANOTEKH Java

Tun #aGopa gaupnix  OmacaHue

ArrayList HEnexcHposanHan nocAe 0BATCABHOCTD, PASMEPbl KOTOPOH MOTYT
AUHAMHYECKM YBETMYUBATBCH LM YMEHBILATHCA

LinkedList YopsaaodeHHas NOCAE0BATENLHOCTD, obecneqnpalomas s¢hekTubHoe
BBIIOIHCHHE OfIEPALNTl BRTIOUEHHS I YAATCHNA SAEMCHTA B TI0HOH
TIO3NIPAK

HashSet Heynopaaodenublii HaGop, He 0TyCKariniil nyOaMpoBanKs 2TEMEHTOR

TreeSet CoprupoBaHHOE MHOMKECTRO '

EnumSet HaGop aHauenuit HyMEPOBAHHOPO THIIA

LinkedHashSet MHo¥ecTBO, KGTOpOE NOMHHUT NOPAJOK, B KOTODOM 3ACMEHTD] [s38 &%
BIIIOUEHL B HETO

PriorityQueue Habop, obecnevnpaomyil stheKTHBHOE YAaleHHe HAMMEHBILETO
BAEMEHTA

HashMap Kapra, koTopas XpanuT CBA3H K0T,/ IHAYCHHE .

TreeMap Kapra, B kOTOpO# K1I09H COPTUPOBAHEL

i

EnumMap KapTa, B KOTOpOi KIIOYH IPHHALIEKAT HYMEDOBAHHOMY THITY

LinkedHashMap Kapra, xoTopas nOMHIT NOPAZOK BIIFHEHNA 3IEMEHTOB

WeakHashMap Kaprta, He ucnonb3yeMore 3HAYCHRA KOTOPOH MOTYT GBITE 06PaGoTaHsl
CHCTEeMOM cGOPKH Mycopa

IdentityHashMap - Kapra, Ats cpapHedns KTIOUEH KOTOPOIH MOXKET GbITh UCIIONB30RAHA

OTIEPANUHA ==
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Ceasuste cnucku

B MHOTOUMCTEHHBIX anMepax ToMa | 9acTo MCIOABROBATUCE MACCHBBI i MX AHHAMHHC
cKuit papradT ArrayList. OgHako oGbiHEBIE B CIIMCOMHBIE MACCHBBI OOIAJAI0T CEPBEIHLIM
HEJOCTATKOM, YAICHAC 3MEMEHTA M3 CEPeafHbl MACCHBA ABIAETCA BECHMA pecyproeMioii
onepanmett. HemocpeAcTBeHHO TIOCAe YAUIEHHA SNEMEHTA BCE 3NEMEHTHI MACCHBA, PACIIONO-
JKEHHDBIE [TOCIE Hero, HeOOXOZMMO NEPEMECTUTB HA OJHY NO3ULMID G)DKe K HAaYamy
(puc. 2.4). To xe caMoe OTHOCHTCA H K ONIEDAIHE BCTABKH YIEMEHTA B CePEUHY MACCHBA.

. ) YianeHHbi aneMenT \\\X&\\ .

MLiLILIL

Puc. 2.4. Yaaneuue s;1éMeHT2 H3 MacCHBA

OTa NpobNEMa PEAeTCA ¢ NOMOIIBIO APYrof XOPONIO W3BECTHOM CTPYRTYPLL COAINOZ0
cnucka (finked list). Maccup coxpasseT CCBLTKH Ha 0OBEKTBI B IOCTEAOBATEIBHO PACTIONO-
HEHHBIX AYeiiKax MaMsaTH, 2 CBA3HBIA CMHCOK XPAHHT KAKABIN OOBEKT KAk OTHENLHOE I66H0
{(fink). Kpome TOro, B KaXj0M 3BEHE HAXOJHUTCHA CCBUIKA HA CAEAYOMee 3BEHO MOCIeI0Ba-
TeALHOCTH. B A3BIKe Java Bee CBASHEIE CHUCKA B ACHCTBHTENBHOCTH ABAAIOTCS NBYCBI3HEL-
MM, T.€. B K&XKJI0M JEMEHTC XPAHMTCA CChUIKA H HA TPEABIAYIIRHA 2AeMeHT (puc, 2.5).

Yaanenue sAeMEHTA U3 CEPeAHHBI CBI3HOIO CIMCKA TPEACTABAAET cOB0H NpocTyio orne-
panuo. g 3Toro [oCTaTo4HO N3MEBITE CCRITKH HA COCcegHure aneMenTsl (puc. 2.6).

CRAZHLIA CACOK

3BEHC

3BEHO 3BEHD 3BeHD

e s N I s B ™ S

Cnepywuge Cnepywouee :3 Cheayowee
SBEHOE 3BEHO 3Beuo[:j.

I'Ipenu,uymee!:::] fMpenslaywes Mpegpinywee E
3BEKO 38EHD 3BEHD

Puc. 2.5. IBycBA3HBIH cTIHCOK
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Leaanpii cnveok.

3BEHO

3BeHo

Hane
Cagayolee

soepo ]

i
3BEHO

3eeHo

LaHHbie Amy

Cnepyoiies
seeno [~

MNpeasiaywee
3BEHO

Puc. 2.6. YaaneHHe 3€MeHTA H3 CBASHOTO CIIECKA

Y unTareneii, KOTOPHM IHPUXONIIOCH PEATHIORATL CBAZHLI CIHCOK, MOIIH OCTATHCH
HE CaMBI€ JyJlie BOCTIOMIHAHMS O 3anyTAHHOM MPOIEecce KOPPEKIUM CChUIOK IPH YAAMCHHH
win goasneHun sneMeHToB. Ouu OYAYT TPHATHO yAMBICHBI TEM, YTO B GUbimoTeke HabopoR
JAHHBIX Java MoaicpaKHBacTCA GHEHD YIOOHBIHA B pabore KIacc CRA3HOTO Clincka LinkedlList.

[TpuBegeHHBI HIKE QPATMEHT KOJA NEMOHCTPUPYET BKIIOMEHUE B CIIHCOK TPEX 3ie-
MEHTOB € HOCTEAYIONTUM YIal€HUEM BTOPOIO 3IEMEHTA.

List<String> staff = new LinkedList<String>{); // wnacc LinkedList
// peamusyer mnTepbeiic List.

staff.add{("Amy") ;

staff.add("Bob") ;

staff.add("cCarl");

Iterator iter = staff.iterator();

String first = iter.next(); // Obpawenue K NepPBOMY SJIEMEHTY
String second = iter.next{); // ObpalleHue kO BTOROMY ZVIEMEHTY
iter.remove(); // Yoancume NocjelHero M3 IONYUSHHHEX SISMEHTOR

Meaxly CBA3HBIMM CHMCKAMM ¥ YHUBEPCAABHBIMK HAGOPAMH JAHHBIX CYNIECTBYET CYLICCT-
BeHHoe pasanare. CBARADIL CIHCOK NPeACTaRAseT cob0il ynopadoentadl nabop dannvix, TIE no-
JOMEHHE oG beKTa uMeeT Golbinoe snauenue. Merog Linkedllst . add () noGasaser 0OBbEKT B
KOHEL[ CHHCKA, HO MHOMIA HYKHO BCTABHTR OOBEKT B CEPeArHy CIIHCKA. 3a neHcTBus METOMR
add (), moANepKIBAICIErO TO3UIWID B CTIMCKE, OTBEYACT HTEPATOD, HOCKOILKY UMEHHO HTe-
PATOPBE OIMCHIBAIDT PACHIONOAKEHHE IMEMEHTOB B Habopax AaHHbX. Mcnonszosanue nrepatopa
A1t AOGABNECHMUS BNIEMEHTOB HMEET CMBICIL TOJILKO [ HAOOPOR JAHHEBLX, YIORAAOYCHHBIX ECTe-
creeHbIM 0bpazom. Hanpumep, B HaGope JaHHBIX THIA MHoscecmen (sef}, KOTOPBIH OIMCAH B Clte-
JYIOIEM pa3sfene, TOPTIOK ANeMCHTOR He dafaeTcs. [ToaTtoMmy B unTepdeice Iterator HeT Me-
Toma add(). B Oubamorexe HabOpPOB JAHHLEIX IIPEAYCMOTPEH AOqepHMi wuHTepdheiic
ListIterator, cogepxaiipii Meton add ().

interface Listlterator<E> extends Iterator<Es

vold add{(E element) ;

.
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B oramume ot meToga Collection.add (), Kaunslii MeTod HE BO3BpanlaeT 3HAYCHHE
THIIA boolearn, TaK Kak APeAnogaraercs, YTo onepauus add {) Bcerga H3MeHseT CIIMCOK.

Kpome roro, B untepdeiice ListIterator HpeIyCMOTPEHO JIBA METOAA JUISI IPOCMOT-
Pa COAEPHUMOTO CIKCKA B 0OPATHOM HATIPABACHHH.

E previous()
boolean hasPrevicus (}

Kak n meton next (), MeTog previous () BO3BpamacT yie HPOHACHHEIN OGBERT.
Merog listIterator () wracca LinkedList mozspaniaeT o6LeKT-UTepaTop, peain-
sylomuii uuTepgetic ListTteracor.

ListIterator<«<String> iter = staff.listIterator{);

Merox add () noGapaser HORBII aaeMeBT neped nosmueil nrepatopa. Hanpumep, B npu-
BGACHHOM HIDKE (IparMeHTe KOJa UTERATOP NPOXCAUT NEPBBIA 31eMEHT CBASHOrO CITHCKA
AobaRaseT aneMeRT "Juliet " Mencry 1epBLIM M BTOPDIM 3A€MEHTAMM CIIACKa (puc. 2.7).

List«String> staff = new LinkedList<Strings();
staff.add {"amy”) ;

staff.add{"Bcb");

staff.add("Carl");

ListIterator<String> iter = staff.listIterator();
iter.next () ; // Npoxon nepporc SAsMeHTA
iter.add("Juliet") ;

CBAZHEIA COUCOK

3BEHO

3eeH0 3seHo

3BeHC
HaHibie Amy HOannuie Bob Aanrvie
Cnenyiollee Crenywuee Cnegylowee
MNpeasoywee Mpeasiayties MNpeasiayiuee
wero | v [ Iy ———

3seHo

HAanHele Juliet
Cneaylowee
3BEHO

Mpenvioywee

Puc. 2.7. ToGanredue a1eMeHTa K CBASHOMY CIMCKY
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Yonu MeTon 2ddl) BHIAbBAETCA HECKONBKO Pad, TO DAEMEHTDL A0GABIAIOTCH EPen Te-
Kyleil No3NIHeH NTEPATOPA B TOM NOPAJKE, B KOTOPOM OHM GLIIA YKA3AHBL.

Ecnu meton add () mncnosbsyeTcs ¢ HTEPATOPOM, KOTOPBIH GBUI TOALKO UTG BO3BPAIICH
MeTofoM listTterator M ykaselBaeT HAa HAYAIO CBAZHOIO CIIMCKA, TO AOOABIICMBIL a6 i
MEHT CTRHOBHTCA [EPBLIM 3/1€MEHTOM CIUCKA. A €CTU WTEPATOD MPOXORUT TTOCHETHUH e
MEHT crvcka (T.e, MeToa hasNext () Bosepamaer suavenue false), To goGapnseMeril ame-
MEHT CTAHOBUTCH MOCIENHHM 3EMEHTOM CIHCKA. B CBA3HOM CIIHCKE B3 7 97IEMCHTOB CYILEeCT
ByeT n+l nosumoMit s AoGaBreHns HOBOTO DIEMEHTA, KOTOPBIE COOTBETCTBYIOT n+l
BOSMOXKHEIM O3MLMAM HTepaTopa. Hanpumep, B cBazHoM criMcke © TpeMsa saemeRTamu A, B
# C ecTb YeThIpe BO3MOKHBIE HOZHIMH U JobaBieHus saeMenTa (0603HaYeHHBIE KK | ).

|ABC
A|BC
AB|C
ARC|

BCEM NOOXCAMT, NOCKONbKY MeToA remove () padoTasTt He Tak, kak knaswwa <Backspace>.
Cpasy xe rocne B6i30Ba MeToJa next () MeTol remove () yOansieT 3neMeHT cnesa ot uTe-
patopa nopobHo knasue <Backspace>. OpHako Noce BLI308a METOAa pravious () yoa-
NAETCA 3NeMEHT Cnpaga, a He cnesa. Kpome TOro, mMeToq remove () Helb3a BbLI3BaTb OBa
pa3sa noapsia.

D YyTWUTE, 4TO NPFMAsA AHANCIUA C NOBEABHMEM KYPCOPa B TEKCTOBOM PEAAKTOPE 3AECh He Co-

B otAnyme ot metopa add (), KOTOPLIA 3aBWUCUT NUILbL OT NO3WUKMK UTEPRATOPa, MEeTOL,
remove () 3AaBMCKT OT COCTOAHWS wTepaTopa.

Merop set () 3aMenseT DOCAENHHI D/IEMEHT, BO3BPALIAEMEIH BLIZOBOM METOAA Next {)
WM previous (), HOBLIM 3aeMmeHTOM. Hanpumep, UpHBeNeHHEBIA HIke PpParMeHT Koia
3dMEHACT HepBbII‘:‘E AEMEHT CMINCKA HOBBIM 3HAYCHHCM.

ListIterator<String> iter = list.listIterator();
String oldvalue = iter.next(); // BozepallaeT Neppwli 3JjICMEHT
iter.set (newValue); // YcraHasmuBaeT NepBHIL BJISMEHT

// paBHEM newValue

Ecau oguH uteparop o0x0oauT Habop JaHHBIX B TOT MOMEHT, KOLAA APYTOIl M3MEHSET €10, TO
HEUIOKHO JOTaJaThCH, YTO B 9TOM CIYYAEC MOKET BOSHHEKHYTH IyTaHHUA. [Ipeanorosxim, utepa-
TOP YKa3BBAET Ha TTO3HITWIO Nepet IEMEHTOM, KOTOPbIM 6bLT TOMBKO YTO YAANCH JPYTHM HTE
patopoM. B TakoMm cryuae HEpBBIH HTEPATOP CTAHOBHTCHA HEMPUTOAHBIM K IATbHEHIIEMY HC-
noxb3oBadnio. tepatoper CBI3HOro CIMcka paspaboTaHEl TaK, YTOORI ONMPESEIITh NOA0GHbIe
M3MeHeHus ciincka. Eom nreparop 06Hapy:KuBaer, 4TO HaGOp AAHHLIX 6BUT M3MEHEH APYTHM
HTEPATOPOM MAM METOAOM CaMoro Habopa, TO B TAKOM CIYYa€ OH FEHEPUPYET MCKUOYEHHE
ConcurrentModi ficationException. Paccmorprm dpparmeHT Koga,

List<String> list = . . .;
ListTterator<Strings iterl
ListIterator<String> iter2
iterl.next ()} ;
iter] .removel) ;
iter2.next{); // reHepMpyeT MCKIIOUEHNE +

// ConcurrentModificaticnException

list.listIterator();
ligt.listIterator(};

I
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Brizop Meroga iter2.next (} renepupyer MCcEmodeHne ConcurrentModifica-
tionExceptiorn, Tak Kak HTEpaToOp iter2 obHAPYXKHUA, YTO CIMCOK OblI H3MEHCH U3BHE.

Bo un3bexaHMe BOSHMKHOBEHMA HUCKIKYEHHHA NPH H3MEHCHHMAX CHMCKA AOCTATOYHO
cobAAATE CIeNyIONee TIPOCTOE MPABIVIO: K HaB0Py JaHHBIX MOXKHO NPHCOETHRHTD J060¢e
YHCIO UTEPATOPOB NPH YCJAOBHM, YTO BCE OHH NPCAHA3HAYECHB! TOMBKO 1n# yreHus. Han
[O-APYTrOMy: K HaGOpPY AaHHBIX CACIYET HPHCOSIUHATE TOABKO OJHH MTCPATOP, KOTOPBIH
HOMHMO OII€PALHEH YTEHHA MOKET BBIIIOJHATE OTI€ Al 3AITHCH.

Jbist onpeseneHus Napa/Uie/IbHBIX H3MeHEHHH Halop JaHHBIX CIEJUT 33 KOJIMYECTBOM Ol
PaIMil f1o6aBIEHHA 1 YAAJCHHS 2AeMeHTOB. [IPH 3TOM Kb HTEPaTop OTACTLEHO MOACTHTHI-
BACT MMGIO ONEPALHi, M3MEHAIWMX HA0op, 33 KOTOpble ox oTBeuacT. Ilepes BuIOAHEHUEM
KKIOTO METOAA UTEPATOPA BLITOIHACTCA ITPOBEPKA PARCHCTEA KOJIMYECTBA M3MEHEHHI JaHHO-
O HTEPATOPA U ODHIErQ KOMHYECTBA M3AMEHEHNIA A5 Beero Habopa gaHHbix. Ecau pareHcTBO He
cobmoaaeTcs, TO renepupyeTca ucknovenue ConcurrentMedificationException. JTor
04EHb YAOOHBIH CIIOCOG NPOBEPKY HPEACTABINET CODON 3HAYMTENBHOE YCOBEPIUCHCTBOBAHHE
HaBOPOR JAHHBIX 110 CPABHEHHIO ¢ TTPUHITHITMATLHO HEHAEKHEIME UTEPATOpaMi B CTPYKTYpe
rnaccon Oubarorexy STL aabika C+H.

HbIA CNUCOK CREAMT TONBKO 38 CTRYKTYDHLIMY USMEHEHWAMY, TAKUMK, Kak aoBaBneHve u
yoaneHue 3seHses. [py 3ToM OeicTBUA MeTOSa set {}) He pacCMaTpMBAIOTCA Kak CTPyK-
TYPHBIE M3MEHEHNA. K GCBA3HOMY CNUCKY MOXHO NPUCOSOMHMTE HECKOBKO WUTEPATOPOB,
KEXOEA ¥3 KOTOPLIX BhI3bIBAET METOL set () ANA U3MEHEHWSA COOEDXWUMOro CyLLIECTBYIO-
UiWX BNEMEHTOR, ITO CBOWCTBO TREOYRTCH HEKOTOPLIM anropuTMmam Ana paboTel C Khac-
coM Collections, KOTOPLIE 0BCYXAAIDTCS B 3TOW rNase.

D Mpu onpeaeneHAn NapannenbHbIX M3MEHEHWA CYLLECTBYET 3abasHan 0cofeHHoCTb. CaAa-

Hrax, MBI 03HAKOMMWIHUCH ¢ (PYHAAMEHTATLHBIMU MeTogaMHt Kiacca LinkedList u ure-
patopoM ListIterator, KOTOPBIH HCOOAB3YETCA ANs mepedopa 3/ICMECHTOB CBA3HOTO
CIIHMCKA B OOOHX HAIIPABICHHAX, & TAKKE I A0OABICHNA H YIANCHUA 3/IEMEHTOB.

Kax ormMeuanoch B IpeAplayieM pasgene, B HETepdetice Collection o6BABIEHO MHO-
IO OJIE3HBIX METOAOB A8 paboTh CO CBASHDLIMK CIIMCKAaMH. B 0CHOBHOM OHH peaIM30BaHbL
B Kiacce AbstractCollecticn, pOAMTEIRCKOM MO OTHOINEHMIO K KAaccy LinkedList.
Hanpumep, Metog toString () smspigaet MeTof LoString () aNf BCEX 3IEMEHTOB H CO3-
ZAeT OJHY JIMHHYIO CTPOKY C TIEPEYHCACHHEM 2JIEMEHTOB B (hopmare (A, B, C]. 3rot
METCA O4eHb YA0GHO MCNOAbL30BATh AT OTJaAKM nporpamMM. Metos contains () npuame-
HAETCA JJ1 MPOBEpPKN HATUYHA 37€MeHTa B CBA3HOM chHcKe. HanpiMep, BHI30B MeTOAa
staff.contains ("Harry"} Bo3dBpaljaeT 3HaueHWe true, el CBA3HBIH CIIMCOK ViKE
COAEPKHUT CTPOKY "Harry".

B Gmbnanorexe BaGOpOB JAHHPIX Java NOZAEPKHMBACTCE HAOOP METONOB, COMHMTE/IBHBIX
€ TEOpPeTHYECKOH TOUKH 3peHUs. CBA3HDIC CITHCKK HEe MOTYT 00eCIeulTh GbICTPhIH [IPOH3BONE-
HBIA ZOCTYII, TOCKOJBKY I YTEHUA 710 3JCMECHTA HEOOX0IMMO TpOHTH nepsole n—I areMen-
T0B. bonee KOpOTKOro IyTH B CBA3HOM CIHCKE MPOCTO HE cylnecTsyeT. 1loaToMy cBAsHBIE CIIM-
CKH GOBIMHO HE HCIIOIb3YIOTCS TaM, Iie TpebyeTca TpeaocTaBuTh OHCTRBIR JOCTYII K MIEMEHTAM
CIHCKA IO 3HAYMEHHIO LIEAOYHMCACHHOTO HEEKCA,

Tem He Menee B xnacce LinkedList mpeaycmorpen metoa get (), TO3BORAIONME
00paTUTBCH K ONIPEAEIEHHOMY 3JIEMEHTY: :

LinkedList<8tring> list = . . .;
String cobj = list.get(n):
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Koneuno, oH He oueHb 3h(EKTHREH, U €C/II BaM YaCTO IPHXOJUTCH HCIIONLIOBATL €T0,
TO TOAYMAIITe, HE NbITACTECh A¥ Bbl IPUMEHWTL CTPYKTYPY AAHHDBIX, HE COBCEM IOAXOAR-
NIyIo JJTA HAcTOAme aagasi.

Huxoz0a re NpUIMEHANTE MATIO3GPHYI0 BO3MOKHOCTD HPOH3BOJBHOTC JOCTYHA JIs IIe-
peGopa IneMedTes CHHCKA.,
for {int i = 0; 1 « list.gize(); i++)

Kakue-To geficremsa ¢ meronom list.get (i) ;s

Heno B ToM, 9To UpHBEAeHHBIH Bpime GpParMenT Ko4a Ype3spriaine nesddexrunen, Ilpu
KaKAO0M OOPAIICHNH K CACAYIONIEMY 2JCMCHTY €ro IIONCK HAYHHACTCT C HAYANA CTIHCKA, TaK Kak
o6pekT LinkedList He coxpaHseT PIHq)OpMaLII/IIO O MpenbIAYINEH ITO3HITHN,

MeTtog get (} HECKOABKO OMTUMU3WPOBAH: €CNM WHIEKC 2neMeHTa BGonblue uny paseH
gize () /2, TO 8ro NOWCK HAYUMHABTGA G KOHUA CMNUCKAE.

B unTepdetice uTepaTopa CIHCKA TAKKE COACPMUTCA METO, BO3BPAINAICIIIA HHIEKC
Tekymeil nosuuy, GaxTHYecKd TAKMX METOMOB ABA, HOTOMY YTO HTepaTOpPhl Java yKasbl-
BAlOT HA TDO3HIMH MexAy aaeMenTaMi. Ileprbrii meToa, nextIndex (), BO3BpaIIACT HEJI0-
YHCACHHBIH HHIEKC JIeMEHTA, KOTOPBIH OYAeT BO3PANICH TOCIEAVIOMUM BRI30OBOM Next (),
a BTOpOIt MeTod, previousIndex (), — NETOYHCICHHBIE HHACKC BACMEHTA, KOTOPBIH 6y
A€T BO3PAHICH NOGISAYIOmMM BhIzoBOM previous (). PasymeeTcs, BTOpPOH HHACKC
(HonyquHmﬁ € IOMOIIBIO METOAA PreviousIndex () ) HA eUHHIY MEHBIIE, YEM I€PBBIL
(noayueHHbI ¢ TOMOMBIO MeToA next Index () ). Pru MeToanl paboTaoT >dhheKTinHO,
TAX KaK WTEPATOPBI CAESAAT 32 TeKymed noannmeit. B saioniouenue, £C1M UMEETCS HEA0wuc-
JIEHHBIA HHAEKC N, TO BBI3OB METOma list.listIterator(n) BO3BpamlaeT UTEpATOP,
VKA3LIBAIOMMI Ha TIOZHUIMIO NEpe] 3AeMeHToM ¢ majgexcoM 1., Taxum ofpa3oM, BRI3oB
next () RO3IBpAHIAET TOT K€ IMEMEHT, 9To u list .get (n). Koweuno, onpenrenenne 3ua
YEHHS 3TOTO HTEPATOPA BRINOIHACTCH HE CAMIIKOM 3(heKTHBHO.

ITpu paboTe €O CBA3BHBIM CIMCKOM € HEGONBIINM KOJHYECTBOM 2ICMEHTOBR HE CACAYET
npHjasaTh GOIbMOre s3HauveHus 3 QGexTHBHOCTH METOZOB gel () u set (). Jeao 8 Tom,
YTO €JHHCTBEHHAHR JIPHMHUHA HCICIb3OBAHHA CBAZHOIO CIHCKA — YIPOCTHThH OHNEPALIHH
BCTABKH M yAaICeHMS 3IeMEHTA B Cepeanbe crimckd. Ecnn Habop JaHIbIX 10IKEH COJEKaTh
HEBOABIIOE KOTHIECTRO 3IEMEHTOR, TO B TAKOM CJIy4ac MOMKHO BOCIOIE30BATECT MACCHBOM
WM KIACCOM ArrayList.

Hrak, He peKOMEHIYETCS M10/Ib30BATLCH AIOGLIMH METOJAMH, B KOTOPEIX A1 obo3Hade-
HHA [TO3HIONUH B CBAZHOM CIIUCKE MPHUMEHAECTCH NEFOUNCTECHERIN nHACKC. IS opraHu3aunn
HPOM3BOJBHOIO JOCTYIIA K 3AeMEHTAM HAOOPY JaHHBIX CAEAYET HCIOIb30BATE MACCHB FIIH
ArraylList, HO HUKAK HE CBAZHBLIK CITHCOK. .

FlpumMenenne CBA3HOIO CIMCKA AEMOHCTDUDYETCA B NPOrPAMME, KOX KOTopoﬁ npHuBe-
nen B aucTUHre 2.1. B nell cosnaoTea 1pa CTIMCKA, 3aTeM OHK 0ObEAVHAIOTCH, TTOCAE YEro
M3 BTOPOTO CIIMCKA VAAIAETCA KaXABIH BTOPOH 2/IEMEHT, A B 3aKTIOYEHHE 1TPOBEPIETCA pa-
6ora Meroga removeAll (). Tlpocaegure 3a paGoToil 5TOH DpPOrpaMMBl, YAcILs ocoboe
sHUManue preparopaM. C 37o# Ienbi; YIOOHO MCTIOALI0BATEL ZUMATPAMMEL PACIIONOMKEHIS
HUTEPATOPOB, KaK IIOKA3aH0 HIDKE.

[ACE  |BDFG
A|CE  IBDFG
AB|CE B|DFG
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O6paTyTe BHHMAaHHE, 4TO BBI30OB METO/A

System.out.printin{a);

137

BBLIBOAHT BCE 3JCMEHThI M3 CBA3SHOIO CIIMCKA &, BBI3BIBAS IIPH HEOOXOAUMOCTH METOA
toString ()} wiacca AbgstractCollection.

Jcrunr 2.1. Copepsxxnmoe dajina LinkedListTest.java

import java.util.*;

/**
*/

Jannas npolpaMMa IeMOHCTPMPYeT IeMCTBMS CC CBASHEM CIMCKOM.

public class LinkedListTest

{

public static void main{sString[] args)

{

List«<String> a
a.add("Amy") ;

a.add("Carl") ;
a.add("Erica");

List<String> b

b.add ("Bob") ;

b.add{"Doug") ;

b.add ("Frances"
(

)i
b.add ("Gloria"};

.

new LinkedList<String>();

new LinkedList<String=>();

// Bramuenme croB m b B cnucok a.

ListIterator<String> alter = a.listIterator();
Iterator<String> blter = b.iterator();

while (bIter.hasNext{)}

1f (aIter.hasNext ()) alter.next();
alter.add(bTter.next{});

}

Sygtem.out.println{a);

// ¥Ynasenue kamnoro BTOPOrc CiosBa M3 b

blter = b.iterator();
while (bIter.hasNext{)}

{

blter.next(); // Hponyck OOHOTC BASMEHTA.
if {bIter.hasNext{)})

{

bIter.next({}; // Tponyck CIepyruero 3MeMeHTa .
blter.remove () ; // YoanlecHMe 3JjeMeHTA.

}
}

System.out .println(b);

// YpaneHue 13 a BCex CIOB, COIEPXAMMXCS B b.

a.removenrll {b) ;
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System.out .println{a) ;

e Listlterator<E> ligtIterator(}
BosspamaeT urepaTop, KOTOPEIA MOkKeT GBITh HCIIONB3OBAH A nepebopa 3AeMeH-
TOB CITUCKA.

¢ Ligtliterator<E> listIterator{int index)
Bosspamaer uteparop, Aas KOTOPOTO NMEPBLIL BLI30B METOAA nNext () BO3BpamiacT
3NEMEHT ¢ 3aJAHHBIM MHACKCOM.

¢ void add{int i, E element)
Jobapisier K HAGOPY JIEMEHT B YKASAHHON MO3MIHA.

e void addall{int i, Collecticn<? extends E> elements)
BrunogaeT Bee saeMeHThL M3 HaG0OPa JAHHBIX B YKa3aHHOH MO3HLIMH.

& E remove(int 1)
Yaanaer saeMeHT, HAXOAAIHHCA B YKASAHHOM MO3MIIMH, VI BO3BPALIACT €T0.

e E set{(int i, E element)
3aMEHAET 3JEMEHT B YKA3aHHOH MO3HIIMHE HOBBIM 31€MEHTOM U BO3BPAIIAET CTAPBIH
AMEMEHT,

® int indexOf (Object element)
Bosspamaer nosdIlHi0 QEpBOr0 BXOMJICHHA DAEMEHTA, PABHOIO YKA3AHHOMY, WIH
3HAUEHHE -1, eCJIH 3TEMEHT OTCYTCTRYET.

e int lastIndexOf (Object element)

BOBBP&JJ.[E[CT NO3HIHIO IIOCAETHErNC BXOMACHUA 2JICMEHTA, PABHOTO YEA3AHHOMY, U1K
3HAUEHHE -1, eCnM WICMEHT OTCYTCTBYGT.

EERRENI

F;f!? java.util.ListIterator<E> 1.2

¢ void add{(E newElenent)
JloGapiger saeMedT Nepes Tekyinedi nosnuue.
e void set (E newElement}

JameHAET NocAeAHUH BReMerT, MPOYHTAHHBIE MeToa0oM next () Wil previous (7},
HOBPIM 3Ha4deHHeM. ECaM cTpyKTypa ClMcka M3MEHIIACh OocIe BhI30Ba next () mwiu
previous {), renepupyer ucxiaodenne I1legalStateException.

® poolean hasPrevious ()

Boaspamaer anadenure true, ecan nMpu ob6xole COMCKA B 00PATHOM HANPABICHHH
MOXKHO NPOYHUTATE €I XOTS ObI OZUH 3JICMEHT.

¢ L previous()

BoappamaeTr npegplayiiui o6bekT. Ecin HOCTUrHYTO Havailo CIHMCKA, FeHEpHpYyeT
uckiaodeHe NoSuchElementExcept ion.
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¢ int nextIndex() _
BosspalaeT nHaekc BJIEMCHTA, KOTOPHIH OyeT BOSBPALIEH NIPH NMOCIEAYIOMEM BhI-
308e MeToga nexe (). ’

* int previousIndex()
BosepamaeTr HMHJEKC 371€MEHTA, KOTOPHII SyserT BOSBpalleH HpPH HOCJIGI(YIO]RCM
BEI3OBE MeTOAA Previocus ().

71 java.util.LinkedList<E> 1.2

LinkedList ()}
Coanaet mycToi CBA3HBINA CIIHCOK,

¢ LinkedList (Collection«<? extends E> elements)
CosmaeT CBA3HBI CIMCOK M BKIIOUAET B HETO BCE BJEMEHTHI YKA3aHHOTO Habopa
JAHHDIX.

+ void addFirst(E element)
¢ vold addLast (E element) .
JobaBaseT 31€MeHT B HAYAIO WIH B KOHEIT CIIMCKa.

¢+ E getFirst()
¢ E getLast ()
BoaBpamaeT ANEMENT, HAXOAAIHNACA B HAYAAE MIH B KOHIC CHIHCKA.

s E removeFirst ()
¢+ E removeLast ()
YaanseT aAeMeHT, HaXOAAMMIICA B HaYale WK B KOHIE CIIMCKA, M BO3BPAIIAET €I0.

Crvexie-maccuese

B npeapimyinem pasnene paccMarpuRaica wmrepdeiic Tist U pealuaviomui ero Kiacc
LinkedList. HMurepdeiic List omuchBacT yHopafoqeHabll Habop JAHHBIX, B KOTOPOM
BOIBLIOE 3HAYEHHE UMEET PACTIONOKEHHE aleMeHTa. [ 06 paIIeHIs K DIEMEHTAM CYIHECTRYET
JA8a TPHHITMIMATLHO PA3HE CHOcoBa: ITOCTe0RATERPHEIN AOCTYI C TIOMOIRLIO MTeparopa |
NPGH3BOMBHAN TOCTYIT € MOMOMIBIC METOA0B get (} u set {}. Ilocreaumii BRpHAHT He MOIXO-
JT UL CBSI3HBIX CIIMCKOB, HO oMeHb dipderTiren npu padore ¢ MaccusaMit. Butmiorexa mabo-
OB IAMHEIX COAEPIKUT YIKE 3HAKOMBIH HAM CTIMCOYHBIN MaccuB ArrayList, KOTOpBIH peanu3y-
erunTepdeiic List 1 HEKANCYIHPYET AKHAMITSECKH M3MEHSEMBIN MACCHB OOhLEeKTOB.

Knace Vector Besfe, roe TpeboBancA puUHaMuyeckuit Maccue. 3a4eM Xe BMECTO HEero
NMPUMEHATE CAMCOYHbLIR MACCKHBE ArrayList? MO 0oHOW NPOCTOR NpWYMHE: BCEB METOAb!
KNacca Vector CHMHXDOHM3MPOBAaHB ANA NPenocTaBneHs 6e30nacHOre AocTyna na He-
CKONbKWX NOTOKOB. Ho ecnun oBpallgHne K 06B-EKTY OCYWECTBAAETCS TONLKO U3 0JHOIO No-
ToKa {Hanbonee pacnpoCTPaseHHsIA cnydait), To NporpaMma 3aTpayYnBasT CRUELKOM MHO-
ro epemMeHn Ha ofecnedeHie CUHXpOHW3aUMM. MeToasl knacca ArraylList HE CUMHXPOHU-
3NPOBAHBI, NO3TOMY PEKOMEHOYETCH WCMOAL30BAThE CNUCOK-MAGCCHUE Arraylist BMECTO
KNacca Vector BE3OE, Mg He TpeByeTca CUHXPOHN3ALMS.

D MpOrpaMMUcTEl, UMeIoLIME OnbIT PabOTLl HA A3bIKE Java, BEePOATHO, YXe MCAONL30Bani
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Xauemnooxcecmea

Cef3Hble CIIMCKM M MACCHBbI NOSBOASIOT 3aJaBaTh HOPSAOK PacTONOKEHHA IEMEHTOB.
Ho s1a moncka onpeeseHHOro sneMelTa, NO3HIMA KOTOPOTO HEMARECTHA, HYXKHO MepebHpaTh
COIEPEMMOE HaBOPA JAHHBIX 10 TeX TIOP, [I0KA He Oyaer Hatinen HyxHBI 37emeHT. [Ipy Gos
oM offbeMe JAHHBIX AJI8 TAKOMN Onepalliy noTpedyeTca oueHs MHOTO BpeMenH. Econ mopasok
ANEMEHTOB HE MMeeT 3HAYEHUWs, TO MOXKHG BOCIOIB30BATHCA CTPYKTYPOI, B KOTOPO{ MOHCK
OCYIFCCTRISIETCS SHAYHTENBHO ObicTpee. Fe HeIocTaToK 3armovaeTcs B TOM, YTO OHa He O3B0
JISLET YIPABATE NOPLAKOM PACITONOKEHUA SIEMEHTOR, TOCKOJIBKY SAEMEHTBI XPAHATCH B TOM
HOPSLIKE, KOTOPbIH YIOOEH A8 OPraHM3aUHH [IOUCKA.

Xopomo u3secTHOH CTPyKTYPOIt A GPICTPOTO HOHCKa COBEKTOB ABIACTCHA X-Mabiuya
(hash table). B 1eli 115 KaKAOTO OOBEKTA BLIUMCASETCH 1EA0E YHUCIIO, HABLIBACMOE Xaut-Kodom
(hash code). Bennunya XI-KOJA 3aBMCHT OT 3HAYEHUS MEPEeMEHHBIX SK3EMILUIAPA, TO3TOMY
o6BEKTAaM OJHOTO THIIA, COACPKAIMM Pa3HLIE JaHlbie, GyAYT COOTBETCTBOBATEL PA3THIHBIE
XaM-KOIEL B tabn. 2.2. npusefeHO HECKOIBKO IPUMEpPOB XIM-KOAOR, NOMYYCHHLIX B pe-
ayAbTAaTE BRI30BA MeToAa hashCode {) kracca String.

TaGauua 2.2, Xam-koael, 1oNy4eHAbE B pe3yabTaTe paboThl MeToga hashCode ()

Crpoxa Xonr-kog
. "Lee" 76268
"lee" 107020
. eel” 100300 i

Ecan Bml onpegensere coGCTBeHHRH KTacc, TO OTBEYaeTe 3d peanu3allilio MeToda
hashCode (). Jra peanuzanud AcKHA OBITH COBMECTHMa C MeToAOM equals (). Ecom
a.equals (b), To a b ZOMKHBI COOTRETCTBOBATDL OIMHAKOBBIE KOJBL.

BakHO OTMETHTD, YTO X3MI-KOABI IIOACYHTHIBAIOTCA JOCTATOYHO OBICTPO M MOJACYET 3a-
BHUCHT TOGABKO OT COCTOSHHA OOBEKTA, M8 KOTOPOTO BBIYHCASIETCA KO, M HE 3dBHCHT OT
Apyrux 00beKTOB TADAMIIbL

Xauwrrabmina npexcTasaser cobBoil MACCHB CBA3HLIX CHMCKOR (pHc. 2.8), Kaxapli H3 KOTo-
PbIx HasbIBacTCA Aueiiko (bucket). Jiis BCTABKE OOLEKTA B TAGAUITY HYKHO BEIUMCIHATD €70 X3il-
KOJT ¥ HAHTH OCTATOK OT €T0 AefleHHs Ha obuee yicio sdeek. [lonyuennoe B pesyapTare 9meiIo
[PEJCTABAAET COBOH HOMED AYeliKK, TAe XpaHuTea sneMedr. Hanpumep, eciu o6LexkT uMeeT
x31rko 76268 u Bcero ecth 128 sueex, 3HAMHT, O6BLEKT pasMelleH B stueiike 108 (mockombky oc-
TATOK OT Aenenus 76 268 /128 pasen 108). Ecmm ata suefika nycTa, To AOCTATOYHO OPOCTO II0-
MECTHTB IEMEHT B Hee, KoHeuno ke, Hen3BemkHnl CIyyal, KOrja B suckke yxe ecTh KakHe-To
saeMeHThL. Takas curyalya HazeBaeT xousrxongawcmon (hash collision). Torma neobxoaumo cpas-
HHUTb HOBbitt 0GBEKT €O BCEMU UMCIOLIMMMCH B SUYEHKE 1 NPOBEPHTL, COREPIKHTCA TH OH B Hel.
TMocKOMBKY XAIFKOAB! PACTIPEAENSHBT PAKTHHECKH CAyHaiHO, 4 YMCI0 A9eEK JOCTATOYHO BEAW-
KO, NOTPe0YeTCH BBHIOMHITS JHL HECKONLKO CPaBHEHHII.

Jlrs ypapaeHmsa 1IPOH3BOAMTEIBHOCTHIO X3I-TA0INIbL MOKHO HCITOAB30BATE CUCTYHK
sueek. Ecan Xame-rabaira copepkuT CHMHIKOM MHOIO 3€MEHTOR, TO BEPOATHOCTL X3II-
KOH(WIMKTOB BO3PAcTacT, 4 MPOU3BOIHTEABHOCTE NPH IIOHCKE 3IEMEHTOB nagaeT. Ecim
IPUMEPHO U3BECTHO, CKOJIBKO JIEMEHTOR GyAeT XpanuThca B tabaune, HeoOROAUMO
YCTAaHOBHTL HCXOAHOE 3HAUEHHE CYECTUHEA syeek. PexoMenayerca senuuuna ot 75 go
150% oT omxuaaeMoro 4uciaa 3aeMeHTOB, Hexoropbsle MCCACAOBATEAM CHHTAIOT, YTO
pasvep Xam-rabauiel A0/DKeH ObITh TPOCTHIM YHCIOM, 9T0 HQ3R0AAeT walemars Wia-
crepuaanuy Knwaei. OAHARO 3TO YTBEDKIEHHE CTPOro He AokasaHo. B cranmgaprHoi
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GubIMOTEKE NAA CYETHYHKA AYEEK NPHHUMAETCA 3HRUYEHHE, PaBHOE CTENEHH ABOIKH;
o ymordanuio 16, (Kaxoit 6b1 pasmep TaBa#Ibl BBl HU 333414, OHA 6yeT OKPYTLAeHa A0
caeayoined cTenedn wucna 2.)

Puc. 2.8. Xsw-raSanoa

Pasymeercs, npeanosaraeMoe KOJIHYECTBO XPAHAMBIX 2IEMEHTOR 3ADAHCE H3BECTHO JUICKO
He BCETJA, TOTOMY HET TAPAHTHH, YTO YHCIO TYECK He OKAKCTCH CIMIIKOM MUThIM. Bt Xa1mr
TabAHLE MEPenOIHACTCH, ee HeOOXOAUMO nepeeczeneupoaanms (rehash); NpH 3TOM coanaeTcs HoBas
Tabua ¢ GOABIIHM HCIOM AYEEK, B Hee BKIIOYATCA BCE BACMEHTRI U3 [IPEIbIAYINSI Tab/IHIbI
u crapas Tabnpna yransercs. B mspike Java npesycMOTDEH CHEMHATLHDIA WHAMKAYOD, YRashi-
BAIOUIMIA, KOTAZ CIEAYET BBIIOMHATE 3TY onepariuio. OH HAIBIBAECTCH KoIPuyuenimon saepyreno-
cnu (load factor). Hanpusep, e on paser 0,75 (IpHMHHUMAEMOE [0 YMOAYAHHIO 3HAMEHHE)
H X31U-Tabanna 3anoxHeHa Gosee dem Ha 75%, TO TabAHIK ARTOMATHYECKH TIepereHepRpyeTes,
PH 3TOM B HOBOIT Tabsmile GYAET CO3AAHO B ABd paza Honntue ayeek. [ty GorpumipcTea piio-
HCHMH ONTHMATEHBIM SRISCTCH NPHHMMAEMOE 10 YMONIAHMIO 3HAYEHNE KOa(PIIMEHTa 32
rpyxeHHOCTH, pasHoe (.75.

Xp1w-Tabaunpl MCHONB3YIOTCH IS PEATM3ANME HEKOTOPBIX BAXHLIX CTPYKTYD AAHHEBIX.
[IpocTefimeit U3 HUx AwAAeTCs Muoxecmao (Sel}, KOTOpoe TIPEACTaRAseT COBOH HaDop ae-
MEHTOB, He IONYCKAIOIMIl MOBTOpPeHHd 3HadeHuit, Merog add{) Muoxecrsa BHadane
OCYIMECTBINET HOMCK J0GaBIaeMoro o0beKTa i AMlib YOEAMBIINCEH B OTCYTCTBMN, BHUIOIHS-
&7 BKIIOUEeHVE,

Bbutiorexa Habopop AaHHBIX Java cosepkuT inace HashSet, peaiHayommi MHOXE-
CTBO Ha OCHOBE X3W-Tabansl. Jng foGaBacHUS 3IEMCHTOB B XII-MHOXKECTBO IPHUMEHSIET-
ca Merog add (), a MeToR contains () nepeolperescH Al YCKOPEHUA NTGHUCKA 3TeMEHTa,
KOTOPBIE YiK€ NMPUCYTCTBYET B MHOKeCTBe, MeTox contains () HpoBepsicT TOABKO Bie-
MEHTH M3 OFHOH A4eiiky, a He U3 Beero Habopa AanHbK.

Hreparop x31-MHOXKECTEA 110 odepesy nepedupaeT Bee AIciHiy. TTocKoasKy a1eMeHTE
pacopegereHsl OO Beel TaGaume, HOPAROK MX MepeGopd BHEUHE BRITIATAT CAVYANHBIM.
XSIMFMHOMECTBO TPUMEHMMO JTHUIb TONIA, KONIAa MOPAA0K PACHONCHKEHN SMEMEeHTOB B Ha-
Bope JAHHBIX HE MMECT 3HAYCHML.

[Nporpamma, koA KOTOpOH TpHBeAeH B AMcTHure 2.2, CYMTLIBAET CA0BA M3 IOTOKA
System. in, A0OABRIAET WX B MHOKECTBO, 4 3aTeM BBIROILUT BCE INEMEHTHI MHOMECTEA.
B xauecTBe BXOAHBIX JAHHBIX 5TOH IPOrpPAMME MOMHO IIPeAGCTAaBHTL AI0G0MH TEKCT, Ha-
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npumep kHHUrY Alice in Wonderland (Aauca ¢ Cmpane wyoec), KOTOPYIO MOXHO HaliTH Ha
Web-yane www.gutenberg.net. /lng aToro B pexsume KOMAHTHOM CTDOKH HYKHO 3aIlyc-
TUTE CJIeAYIOWYI0 KOMAHIY:

java SetTest <« alice30.txt

IMporpaMmMa CUHTAET BCE CAOBA U3 BXOJHOrO MQGTOKA M BCTABHUT UX B XBIN-MHOXKECTBO.
3areM ona HAXOAMT CJAOBa, KAXKJIOe M3 KOTOPHIX XOTA OBl D3 IPHCYTCTBOBAIO B KHUIE,
M BOIBOZMT MX B IpouaBoasHoM nopsagke. (B xuure Alice in Wonderland, sioniouas npumewa-
HHe 06 apTOPCKUX IpaBax, coaepikirres 5309 cros.)

WaMeHAR 3aneMeHTbl, coBnIaaiTe ocToOpoOXHOCTE. ECIM X3Ww-Kog aneMeHTa U3MeHWTCs,
M3IMEHWUTCH TAKXKE W NO3KLKMA INEMEHTa B COCTARE CTPYKTYPbLI OaHHbLIX.

JMucruar 2.2. Cogepinmoe daiina SetTest. java

import java.util.=*;

[x*
Danuad OporpaMMa MCIIONBZYET MHOXSCTBC IJIA ONPeneNneHusa
HaGopa YHMKaN:HbEX CNOB, NPOYMTAHHEX s System.in.

*/

public class SetTest

public static void main(String[] args)

Set<String> words = new HashSet<String>{}; // HashSet

// peamsayeTr uHTepdelic Set
long tetalTime = 0;

Seanner in = new Scanner (System.in);

while {in.hasNext{))

{ String word = in.next{);
long callTime = System.currentTimeMillis{};
words . add (word) ;
callTime = System.currentTimeMillis() - callTime;
totalTime += callTime;

}

Tterator«<String> iter = words.iterator();
for (int i = 1; 1 <= 20; i++)

System.out .printlin{iter.next());
System.out.printIn{(". . .");
System.out.printiniwords.size{) + " distinct words. -" +

totalTime + " milliseconds.");
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“r1l. java. util. _H_a_s'_hs_

¢ HashSet () : ‘
CosnaeT mycToe X3m-MHOXECTBO.
* HashSet (Collecticn«<? extends E> elements)
Co3paeT x3UI-MHOMXKECTBO M J0GABASET B HETO BCE IEMEHTHI YKA3AHHOre Habopa
JAHHBHIX,
s HaghSet(int initialCapacity)
CosgaeT nycToe X3N-MHOKECTBO 3aJaHHON EMKOCTH.
» HashSet (int initialCapacity, float loadFactor)

Co3faer mycToe X3I-MHOKECTBO 33JAHHOH eMKOCTH ¢ YRA3dHHBIM KO3(pumesToM
3arpyxeHHOCTH (wicno mexay 0.0 u 1.0, onpegensioniee CTENEHE 3AMOMHEHMH, TP
IPEBRINIEHUH KOTOPOH TAGAUNA JO/DKHA GLIThH IePETeHEPUPOBAHa).

Eﬂ java.lang.Object 1.0
———
L ]

int haghCode (}

Bosspamaer x31m-ko 006bekTa. OH MOMKET GBITH JIOOBIM LEJIBIM YHCAOM {MOL0MXH-
TENBHLIM MM OTpHHaTeJIbeIM). OnpeﬂeﬂeHHa METOAOB equals () u hashCode ()
JOKHB OBbITH COBMEGCTHMBIMU. ECTM MCTHHHO BhIpaKeHHEe x,equals(y), To
x.hashCode () uy.hashCode{}) no/x#HbBI BO3BPAATL CAMHAKOBBIE 3HAYEHUSA.

Apesosudnsie mnoncecmad,

Kiacc apepoBuaHOro MHOKECTBa TreeSet aHANOTHUYEH XBII-MHOKECTBY 33 MCKIOYE-
HUEM TOTO, YTO OH ABIAETCS COpmuposanisim nabopom dannwix {sorted collection). DrIeMeHTHI
MOryT A06ABAATHCS B dpesosudnoe Mrooecmas (MM KPATKO Jgheo) B IIPOHM3BOJBHOM NOPSIKE.
Mpu urepatsrOM 06X01e HAGOPA JAHHLIX BCe 3HAYCHMS ABTOMATHYECKH BO3BPAIIAIOTCA B
copTHpOBaHHOM nopsjke. [IpeanonosxiyM, 4To B IPEBOBUAHOE MHOMKECTBO AOGABIAIOTCS
TPH CTPOKH, & 33TEM BBIIOMHAETCH MX 0GXO0/ ¢ BBIBOACM PE3YALTATOB.

SortedSet<String> sorter = new TreeSet<String=(); // TreeSet
// peanmusyer uurepbdeiic SortadSet

sorter.add{"Bob"} ;

sorter.add ("Amy") ;

sorter.add{"Carl");

for (String s : sorter} System.println(s);

B TakoMm ciygae MOAYMEHHBIC 3HAYCHMS BbIBOASTCH B OTCOPTHPOBAHHOM OPSAKE:
Amy Bob Carl. Kak caejyeT Uz HaspaHMsA 3TOTO KIACCA, COPTUPOBKA IPOHCXOAMT 3a CUeT
MCIIOIB30BAHHSA APCBOBHAHON CTPYKTYph! JaHHBIX. (B Texymell pealusanym ycronb3yercs
TaK HA3BIBAEMAS CTPYKTYPA Kpaciovepnoeo depesa (red-black treg). bonee noapobrHoe onHcaHie
9TOI CTPYKTYPBI MOXHO Haiitu B KHure Tomaca Kopmena (Thomas Cormen), Yapassa Jleii-
sepcona (Charles Leiserson) u Ponaasza Patisecta (Ronald Rivest) Introduction to Algorithms
[The MIT Press, 1990].) Ilpu noGaBaeHum Kk ZepeBy SJIEMEHT CPa3y e pasMemacTcs B HyxK-
Hoif no3utmy, 1losToMy HTEpaTOp BCETAa O0XOAUT BJEMEHTH] B IOPSAKE COPTHPOBKH.

BeTapka 3eMEHTA B JIEPERO BHIIIOIHAESTCA MEJIEHHEE, YEM B XOURTaDMUIY, HO BCE XKE
ropaso ObICTpee, YEM B HYMKHYK UO3MIMED MACCHBA WM CBAIHOTO crnucka. Eciu aepeso
COREPHKIIT 7 HIEMEHTOB, TO LIS ONpeaeIeHNs HYKHON nosuliuu Tpebyerca B cpenHeM log,n
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onepanuif cpapHenns, Hanpumep, ecay nepeso yxe copepskur 1000 amemeHTOR, TO Ans
BCTaBKH HOBOTO 21eMeHTA noTpedvercs 10 omepanpmii.
B Tabn. 2.5 npuBeAcHo BpeMaA BCTABKH 37ICMEHTOB B Aepepo TreeSet M B XpurTabuHIy

HaghSet:.

Tatnuna 2.3. CpapaaTensHbIH ANIM3 ONEPANAR BCTABKH 3JIEMEHTOD B €PEBO
H X3II-MHOMXECTBO

Hoxymeur Odmee Yucno HashSet TreeSet
YUCTO CHOB PASTHIHBIX C/ICH

Alice in Wonderland 28195 5909 be 7c

The Count of Monite Cristo 466 300 37 545 75 ¢ 98 c

z £ IR i
Java.util.TreeSet<E> 1.2
e TreeSet (}
Coszdaer AycToe ApeBOBUAHOE MHOKECTRO.

e TreeSet (Collection«? extends E> elements)
Coajaer APEBOBHAHOE MHOXKECTEO U AOGABASET B HETO 3JEMCHTRI YKA3AHHOTO Habo-
Pa AaHHBIX.

Cpasnenue obsexmos

Kak kimacc TreeSet moayvaer MH(OPMANHIO O HOPAAKE COPTHPOBKH 3JIEMEHTOR?
Io ymongaumio IpejrofaraeTci, 9To Bee JobaBigeMble 2AeMEHTH PeAiMaYOT narepdelic
Comparable, 8 KOTOPOM ONPEJEIEH €AMHCTRBEHHBIH METON,

public interface Comparable<Ts

{
}

int compareTo (T other) ;

Brizos meTona a. compareTo {b) Bo3BpamaeT 3HadeHne G, €CIu a i b PaBHbL, OTpHILa-
TEABHOE [esl0e 3HAYEeHHe, €CTH & IPEIIMECTBYET b B DopAgKe COPTHPOBKH, [TOMOKHTEIb-
HOE€ — €C/IH & clexyeT nocie b. TouHOe 3HAYEHHE He BLKHO, BAXKEH TOJABKO ero 3Hak (>0,
wn <0). HaTepdelic Comparable peadn3cBaH B HECKONLKHMX CTaHIAPTHLIX KJIacCax
wratpopmer Java. Hanpusep, B kiacce String meroxn compareTo () cpapHHBRET ARE
CTPOKH B CTAHAAPTHOM CIOBAPHOM TIOPAZAKE, KOTOPBIA MHOIAA HAIBIBAIOT AeKcUXozpadgiue-
exum nopadom (lexicographic order).

Jdna pofGanieHus B OTCOPTHPOBAHHOE MHONKECTBO COGCTBEHHBIX IIOJIB30BATCMLCKHX
o0BbEeKTOB HEOOXOZMMO ONPEAC/HUTL CBOH HOPAAOK COPTHPOBKH, peanuays uHTepdeiic
Comparable. /g wracca Object meton conpareTo () M0 YMOIYAHKAID HE PEATH30BAH.

Husme nprbeicH IPUMEP COPTHPOBKM OOBEKTOB Item HO HMASHTH(QHKAITMOHHOMY
HOMEDY.

class Item implements Comparable<Item>

{

public int ccompareTo{item other)

{
}

return partNumber - other.partNumber;
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[IpH cpaBHERHH ABYX NOAOHUMEALHHX YHCEN, KAK B JIPUBEACHHOM IIPHMePe, JOCTATOU-
HO BEPHYTb UX PasHOCTh. OHa OyAeT OTPHIATENbHON, €CIM IEPBLIH 21eMeHT IPeAIeCTRY-
T BTOPOMY B HOPSAKE COPTAPOGBKH, PABHOI HYNIO, €01 HOMEPA PICMEHTOB MACHTUTHDL,
WK TOJOXKHTETLHOH B HHOM cIydae.

PAN S7oT npreM nNpumeHumM TONBKO AN YWMCen U3 A0CTATOMHD HeGoNbWore WHTepsana.
Ecnn x — 60nbIOE NOAOKUTENBHOE YACNO, 8 v — GONbLIOE (N0 MOOYMI0) OTPULATENLHOE,
TO UX PASHOCTL {X - ) MOXET NPYBECTH K NEPEnCNHENMIC.

IMpumenenue unTepdeiica Comparable a1 onpefeIcHEs TOPAIKA COPTHPOBKM HMe-
€T oueBUAHBle orpannuernd. Hartepdeiic MOKHO pearr3osaTe TOXBKO ofuH pas. Ho gato
JEenaTh B CAyYae, KOTAA B OJHOM HAGOpEe AAHHEBIX HYXKHO OTCOPTHPOEATL MaCTh YAEMEHTOR
0 HOMEPAaM, 4 B APYFOM — (10 OTIMCAHKMAM? Bosee TOro, Kak COPTHROBATb OOBEKTHI KIacca,
B KOTOPOM HE peainaokaH nHTep{eiic Comparable?

B Taxux cutvauusax ang gepesa MOXKHO CO3JATh APYrot METOA CRABHEHMSI, [IEPEAABAR
ofbext Comparator KOHCTpYkTOpy TreeSet. Murepdiefic Comparator uMeer eguscT-
BEHHDIH METOM € ABYMSA ABHO 3A/JAHHLIMU MapaMETPaMH.

public interface Comparator<Ts

{

int compare(T a, T b);

Kax u merog compareTo(), MeToA compare () BO3BPAIACT OTPHIATEILHOE IIEI0E
YNCAO, £CIH 2 IPCAMECTEYET bL HOIE, 6COH OB HIEHTHYHE], TONORBTEARHOE JET0e YHCI0
5 HHOM CIyJae.

Jan copTHPOBKH 2NEMEHTOB IO ONHCAHMIO AOCTATOYHO ONPERCHNTL KIACC, PEATHIYID-
muit uurepgeiic Comparator:

class ItemComparator lmplements Comparator<Items

{

public int compare(Item a, Itam bj

{

i

String descrh = a.getDescription();
String descrB = b.getDescription);
return descri.compareTo {descrB) ;

3aTeM oGbEKT 3TOTO KAACCA HYIKHO IePeJaTh KOHCTPYKTOPY Jepera.

ITtemComparator comp = new LtemComparator () ;
SortedSet<Item> sortByDescription = new TreeSet<Item=(comp) ;

Ecmt gepes co3qacTci ¢ MOMOWRIO0 TAKOTO OFbEKTA-KOMAAPATOPA, TO STOT 0ObEkT ByaeT
HCMOAb30BAH B HEM BCAKHIT PA3, KOIIA HOTPEGYET s CPABHHTS JBa 3ICMEHTA,

OfpaTiTe BHUMANHE, YTO KOMIAPATOP HE COACPKUT Aanublx. OH HCROABIYETCH MWL
JUIS XPRHCHHA MeTOR, IPOBOIRIETO cpasHeRue. Takue 06BEKTo! HHOMAA HARBIBAIOT @y
yusHaibHMu obsexmar ( function object).
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(I:'YHI{I_II/IOHEUI}:HBIC OB BEKTHI 3d9aCTYI0 OLPENCAAsOTCA KAK IKIEMILIADD! 6(3.?;bIMHHHbIX
BHYTPCHHUX KRACCORB.

SortedSet«Items sortByDescription = new TreeSet<Items {new
Comparator<Item= ()

{

public int compare(Item &, Item b)

{
String descrA = a.getDescription();
String descrB = b.getDescription();
return descra.compareTo (descrB);

}
1

Ha camom gene B MHTEpCbeFICe Comparator<Ts obGbABNEeHO Aga MeTead: compare () W
. equals (). O4EBUAHD, YTO KEXOLIA KNACG COAEPXMT METOA equals (), NosTomy nobasnaTte
OBBLABMEHME ATOrO MeToaa B HTepdeic MOXET NOKA3aTECH HEONPaBOaHHLIM. B 0OKyMeHTa-
um o API ckaszano, 4To pazpafotuwik He ofasan nepecnpefenats matos eguals (), Ho
MOXET CAenaTth 370 B HEKOTOPLIX KNACCaX AR MOBLILEHUS NMPOM3BOOWUTENEHOCTY, Hanpu-
Mep, MeTog addall (} knacca TreeSet Oyner patoTtate 6onee sddekTMBHO, ecny Bul Oy-
neTe NoGABNATL INEMEHTB! U3 APYIOT0 MHOXECTBA, UCNONB3YIOWEr D TOT Xe KoMIapaTop.

locne o3HaKOMIEHMA ¢ TaGa. 2.3 MoxeT BOZHHKHYTH BONPOC, HE CAEAYET AM BCElAd MC-
IOIb30BATH AEPEBO BMECTO XAI-TAGAHIIEL B KOHIE KOHIOB, A8 BCTABKH JEMEHTOB B JePeRo
HoYTH He TpebyeTcs HOTIOMHUTENLHLIX 3aTPaT BPEMEHH, HO MPH TOM HPOHCXOIUT ABTOMA-
THUYCCKAR COPTHPOBKA. (OTBET 3aBUCHT OT TUTIA IAHHLIX, KOTOPBIE HPEANOFATACTCH XPAHNTE B
Habope. EcM gadHHbie He HY/KHO COPTHPOBaTh, TO HET CMBIC/AA MPUMEHATH A1 HIX AEPEBO.
Kpome Taro, 1 310 6o1e¢ BaKHO, HEKOTOPBIE JaHHLIE TPYAHO copTHposarh. [peanoroxu,
Bl paboTaeTe ¢ HAGOPOM NPSMOYTOALHHKCR. Kak mx copruposars? ITo miromaau? Hpu stoM
AB2 PASHBIX NPAMOYTOALHHMKA MOTYT MMETh OAMHAKOBYIO IUTOMAAL. ToTAa Bropoi ne Gyaer
JIOBABIEH B MHOKECTBO. [ lOpALOK COPTHPOBKY B IepEBe AO/KEH OBITh CMpozuM, T.€. KaKALIe
JiBa BAEMEHTA AOJKHE 00MaflaTh BOIMOKHOCTBIO CPABHEHMA ¥ HYJIEROH DE3yALTAT JO/LKEH
TOIYUATECS AWML TOXAA, KOrAa aJIeMedThl pasdbl. i MpamMOyroieiHKOR MOXHO 3a4aTh Ka-
KOi-TO APYIoil NOPALOK COPTUPOBKH, HATIPMMEP JEKCHKOTPaItIeckitil TOPAAOK M8 MX KO-
OPIMHAT, HO OH HE SBIAETCH €CTECTBEHHBIM M IIPOCTHIM 418 mporpamMMuposanud. I1o cpas-
HEHHUIO C 3TUMH TPYAHOCTAMH X3II-DYHKIIHA, KaK MMPABIUIO, OAPEEISETCA ropasio Mpole.
Eif TpebyeTca TONBKO BEIYMCIUTE KOA OOBEKTA, TOTAa KaK PYHKIHMM CPABHEHHT JOKHEBL TOY-
HO pazanyath OObEKTHI.

B nporpamMe, KOZ KOTOROU NpuBeReH B AUCTHHTe 2.3, CO3FANTCA ABA AepeBa ¢ 00beKTa
mu Item [lepsue cOPTHPYETEA O HOMEPY TOBAPA, T.€. ¢ HCIOALIOBAHMEM IIPELTAFAEMOro 110
YMOIUAHHIO IOPAAKA COPTHPORKI 06bekToB Item, Bropoe copTAPYETes fro OMUCAHMIO ¢ HC-
HONBIOBAHHMEM CITELHATLHOIO KOMIIAPaTopa.

Jhacrunr 2.3, Cogepaxnmoe ¢aiiia TreeSetTest. java

import java.util.+*;

/**

JaHHAs NporpaMMa CopTupyeT Habop TOBADOE, CDABHMBAS MX ONMUCIHM.
*/
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public class TreeSetTest
public static void main(String[]l args)

SortedSet<Items> parts = new TreeSet<Items();
parte.add{new Item("Tocaster", 1224));
parts.add{new Item("Widget”, 4362}];
partg.add(new Ttem("Mcdem", 9912});
System.out.println(parts) ;

SortedSet<Item> sortByDescription = new TreeSet«Item:>(new

Comparator<Items ()
public int compare{Item a, Ttem b)

String descrhA = a.getDescription();
String descrB = b.getDescription();
return descra.compareTo (descrB);
}
1

sortByDesgcription.addall (parts);
System.out.println (sortByDescription);
}
}

/‘**
Topap C ONMCAHMEM M HOMEPOM.
*/ '
clasg Item implements Comparable«<Items
[**
KoHCTpy®TOp OfbeKTa, ONMCHERAKWETO TOBap.
@param aDescription OmmcaHue ToBapa
@param gPartNumber Homep ToBapa
*/
public Item{String aDescription, int aPartNumber)
description = aDescription;
partNumber = aPartNumber;

/**
BosppamaeT OIMCaHMe TOBAPpd.
@return OnucaHMe

*/

public String getDescription{)

{
}

public String toString()

{

return description;

return "[description=" + description
+ ", partNumber=" + partNumber + "]";

147
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public boolean equals (Object cotherObhiect)

if {this == otherObject) return true;
if (otherCbject == null) return false;
if (getClassg () != ctherObject.getClass()) return false;
Item other = (Item) otherObject; .
return description.equals{other.description)

&& partNumber == other.partNumber;

public int haghCode ()

return 13 * descripticn.hashCode(} + 17 * partiumber;

}

public int compareTo{Item other)

return partNumber - othear.partNumber;

private String description;
private int partNumber;

E‘liﬁ java.lang.Ct
avem—
-

int compareTo(T otbher)

CpaBHuB4eT TEKYIMH OOHLEKT C YKA3aHHBLIM M BO3RpAM@ET OTPHIATEILHOE UHCIO,
£C/IY DePBhlil MPeANIecTBYET BTOPOMY, HOTh, €M OOBEKTEE MACHTHEHDI, I TOAOKY-
TEABHOC 3HAYCHHE, CCAN HepBbIﬁ oOBEKT CJIC,IIyET 3a‘BTOprM.

IA@ “java.util.Comparator<Ts> 1.2
h

¢ int compare(T a, T b)
CpapunsaeT asa obbeRTa U BOZBPAIACT OTPHUATEC/NBHOE QHUCA0, €CTH & TIpeAnecT-
ByeT b, HOAD, €CH OHH HACHTHYHDI, NOJIOKHTEABHOE YHCAO, €CIH & CIeAyeT 34 b

AFii java.util.SortedSet<Es> 1.2

¢ Comparator<? super E> comparator ()

Bo:mpamae’r KOMIADATOp, HCIOABIVEMDIH I COPTHPOBKKR 3JACMEHTOB FLIH 3HAYe-
Hue null, ecnn s1eMeHThL CPABHHBAGTCA C MOMOULBI0 MeTodad compareTo {) -

Tepeiica Comparable,
s E first{)
* E last()

Bosspamaer HaMMEHDIIAH RAY HANOOALIIMH S1eMEHT OTCOPTHPOBAHHOTG MHOJKE-
CTEA.
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E—;j java.util.TreeSet<E> 1.2

o—— V
¢ TreeSet (}

Coafaer ApeBOBMIHOE MHOXECTBO, NPEJHAIHAYEHHOE I XpaHeHHs OOBEKTOB

Comparable.

¢ TreeSet (Comparator<? super E> c)
Cospaer APEBOBNIHOE MHOXECTBO M HCHIOAB3YET YKASAHHEIN KOMIAPATOP A COp-
TUHPOBKHU 3NEMEHTOB.

¢ TreeSet (SortedSet<? extends E> elements)
CoazacT APEBOBIIHOC MHOKECTBO, J06ABASET B HETO BCE BACMCHTHI H3 YKA3aHHOTO
OTCOPTHPOBAHHOTO MHOXKECTBA U UCTIONB3YET KOMIAPATOP M3 YKAZAHEOTO OTCOPTH-
POBAHHOI'G MHOXECTBA.

Ouepedu ¢ npuopumemani

Ouepens ¢ NpHOPUTETAMM ITO3BOJIAET WIBAEKATL BIEMEHTH B IIOPIAKE COPTHPOBKH,
HECMOTpA Ha TO YTO HDOMEIATHCH OHY TYAA B IIPOU3ROJbHOM Iopsake. B kakoil 6L MOMeHT
BEI HI B3Ba/IM METOZ remave (), Bel NOAVINUTE HAMMEHBIIHH U3 3IEMEHTOR, IPHUCYTCTBYIOUITR
B cuepeH. Ecau ske Bt cTAHeTE NPOCMATPHBATE CO/IEPHAMOE HAGOPa ¢ NOMOIBI UTEPATO-
pa, gJaHpbie we 06a3aTeasHo GyAyT OTcopTHpoRaHel. B pabore ouepens ¢ IpHOpUTETAMM HIC-
IOIB3YET BNETAHTHYIO B dPeKTHBHYIO CYPYKTYPY AAHHBIX TOA HazpaHueM “Kywya” (heap).
J70 CAMGOPTAHHAYIOIICECT ABCHTHOE JEPEBO, B KOTOPOM olepankl add () # remove () 3a-
CTABNAIOT HAMMEHBITHE SIeMeNT “BCIUILIBATE. B KOPEHb AepeBa. TaxuM o6pazoM, COpTUpOR-
ka HaloPa B IBHOM BHJE He BHIIOMIACTCA M BPEMA HA HEE HE 3aTPAYHBASTCH,

MoaoGHo TreeSet, odepedp ¢ TPHOPHTETAMH JTHGO COAEDKHT SKIEMILIAPHI KJACCOB,
peamayroinx Hurepdeiic Comparable, 1u60 KOHCTPYKTOPY AaHHOrO Habopa NepeaaeTc
ofybexT Comparator.

B kauecTBe npUMepa IPUMEHEHNS OYEPEAH C IPHOPUTETAMH MOKHO TPHBECTH ILIAHM-
posaHue 3ajaHni. Kaxroe sagaHie uMeeT npuopureT. 3a/anuda A00asisoTcs B ouepes B
cayqaiinom mopagke. C HagajoM HOBOTO 3aJaHud M3 ouepeny YAAIIeTCs 3aJaHne ¢ HaH-
BICIIUM propuTeToM. ([10CKOABKY TPAAUITHOHHO NPHOPHTET 1 CUMTAETCA HAMBBICIIEM,
onepalus remove () M3BIeKaeT HAUMEHbIIHH M3 OCTABUTHXCA BNEMEHTOB. )

B aucrunre 2.4 IpUBcaeH IPUMER NPOTPAMMBI, HCIOABIVIOUICEH OUepeln ¢ BpUopUTe-
Tamd. B oTamdue ot TreeSet, npH epedope 31EMEHTOB OHH CIETYIOT HE B HOPAAKE COp-
THPOBKH, OIHAKC MPH YALICHIT TCMEHTA HM OKAa3hIBACTCH HANMEHDIIHI M3 HMEOUHXCA B
OUepESH.

Jlucruur 2.4. Copepsxnmoe dajina PriorityQueneTest.java

impert java.util.*;

/**
JaHHas nporpaMMa OeMOHCTPMpYEeT MCHONB30BaHMe
odepenl C INIPUopMTETaMM,

*/

public class PriocrityQueueTest

public static void main(String[] arys)
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PriorityQueue<CGregorianCalendar> pg =
new PriorityQueue<GregorianCalendars();
pg.add (new GregorianCalendar (1906,
Calendar .DECEMBER, 9)); // G. Hopper
pg.add {new GregorianCalendar (1815,
Calenday .DECEMBER, 10}}; // A. Lovelace
p4d.add (new GregorianCalendar (1903,

Calendar.DECEMBER, 3)); // J. von Neumann
pg.add{new GregorianCalendar (1910,
Calendar.JUNE, 22}); // K. Zuse

System.out.printin("Iterating over elements...");
for (GregorianCalendar date : pqg)
System.out.println{date.get (Calendar.YEAR) ) ;
System.out.println{"Removing elements...");
while (!pg.isEmpty())
System.out.println{pg.remove () .get (Calendar .YEAR) ) ;

java.util.PriorityQuene 5,

¢ PriocrityQueue ()
* PricrityQueue{int initialCapacity)
Co3afaer ouepenek C IPHOPUTETAMU JUis XpaHeud 0dhekTon Comparable.

s PricrityQueuse{int initialCapacity, Comparator<? super E> c)
Cosgaer ovepeab ¢ IPUOPATETAMUY, B KOTOPOH JJis COPTHPOBKH 31EMEHTOB UCTOND-
3yeTCA YKazaHHBIH KOMNAPATOP.

Kapmu:

MHOKECTRBO TIPEACTARIAET cOB0H HAGOD AaHHEIX, B KOTOPOM MOXHO 6BLICTPO HallTH cymiecT-
BYIOIMI 37eMeHT. OfHAKO LIS 3TOTO HYXHO MMETE TOUHYIO KOIHIO TpeGyeMoro aieMeHTa, IToT
BUJ] MOUCKA HE OUEHE PACIPOCTPAHEH, NOCKOIBKY OBLIMHO HARECTHA AL HEKOTOpas HHgop-
Marus (KI0Y), N0 KOTOPOH MOMXKHO HANTH COOTBETCTBRYIOIMIH 2neMeHT. CenUalibHO LIA 3TOTO
NPEAHAHAUCHA CIpPYKMypa dannvix, noddeprusaiuian omobpascenie, KOTOPYIO HALIBAIOT TAKKeE
xapmoti. Kapra xpanur napsl “wou—saavenne”. Kasxoe sHadenyie MOKHO HalHTH 110 €00 KII09y.
Hanpumep, B Tafiie MOTYT HAXOANTHCS 3AMHCH ¢ UHGOPMAIMEN O COTPYAHMKAX, [AE KIIOYAME
ABASIOTCH MACHTHOUKAUMOHHEEIC HOMEDA COTPYAHUKOB, 4 3HAYCHIAMI — 00BeKTH Emp Lovee,

B 6uéauorexe Java HOpeayCMOTREHO jBE OCHOBHBIC PEANHIAIMH KAPT: X3MI-KapTa
HashMap 1 kapTa-Jepeso TreeMap, Oba Kracca peatnsyioT HHTepdeiic Map.

B XanrkapTe KIouH PAcIOTOMKEeHbl CIYIAAHBIM 06pPA30OM, & B KapTe-AepeBe — B CTPOTOM
nopsazake. Xam-(pyHKOMA, BAH (QYHKITHA CPABHEHHA, IPUMEHACTCA MoAvKe 0% Kasouell, a ca-
MH 3Ha49eHHA, COOTBETCTRYICIIME 2THM KJII0YAM, HE X3HIUPYIOTCA Y He CPaBHUBAIOTCA.

Kakywo xe u3 kapr caegyeT BuGpars? Kax v 411 MHOKECTB, X3IHPOBAHAE HECKONBKO
BpicTpee, NOPTOMY €ro PEKOMEHJIYETCA HCIONbAORATE TAM, TAe NOPALOK CHEAOBAHMS KIIO-
4JeH He MMEET 3HAYCHHA.
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Huxe nokazaHo, Kak CO31aeTCA XIM-KAPTa A1 XpaHeHHA NHPOPMaLiu ¢ COTPYIHHUKAX.

Map<String, Employee> staff = new HashMap<String, Employee=(};
// HashMap pearmmsyer mHTepderc Map

Employee harry = new Employee ("Harry Hacker");

staff.put ("987-98-9996", harry);

Ipu pobapnenmi o6bexTa K KapTe Jo/ken GuITh yKazad i ero wiod. B ganmnom crayqae
KA0UOM SBASETCE CTPOKR, & COOTBETCTRYIONINM SHAUCHUEM — 00bekT Emplaoyae,
Urobe1 06paTHTLCA K OGBEKTY, HYKHO BOCHIO/IB30BATHC KIIOYOM.

String s = "987-98-99%86";
e = gtatf.get({s); // umrTaer sammck harry

Eom 1apHBIX, COOTBETCTBYIOIHX YKA3AHHOMY KIIOYY B HAbOpe JaHHBIX HET, METOX get ()
BO3BpAIAET 3HaveHme null.

Kmoun nomKHEL OBITh YHUKATGHBIMI: HENLE3S COXPAHUTE ABA JHATCHUA ¢ OJWHAKOBLIM
knouoM. Ecin Bpi3BaTh MeTog put () JBAMIbI ¢ OZMHAKOBBIM KII0MOM, TO BTOPOE 3HAUEHHE
pocTo 3aMeHUuT nepioe. Kpome roro, MeTog put () Bo3BpamiacT npeislayumiee sSHAYEHUE,
XpaHHUMOE C YKA3AHHEIM KII0TOM,

Merog remove (} yaaageT aneMEHT U3 KapThl, a MeTOH size () BO3BPAIAET YMCIO e
MEHTOB KapThHI.

B apxurexType HabOpOB raHHBIX KAPTA CaMa [0 cefe He paccMaTpHBacTcd Kak Habop.
(B Apyrux apXuTerTypax CTPYKTYP NAHHBIX KAPTA CHUTACTCA HAGOPOM nap, AU 3Ha4eHUI,
HHAEKCHDpYeMbix Kmouami.) OnHako 8 6ubmioTexe Java upepycMOTPEHO UCTIONLIOBAHUE
npedemasaenin ( view) KAPTHI, KOTOPOE peannsyeT uHTepdeiic Collect ion win oqUH U3 eTo
ACUEPHUX HHTEPPEIICoB.

CymecTeyeT TPH THIIA TPEACTABICHHIL B BIJle MHOMKECTEA KM0UeH, Habopa anadeHuH
(KOTOPBIFl He ABTACTCA MHOKECTBOM) WM MHOMKECTBA INap “wnod-sHagenne”. Kiaoun u
mapel “knou-snadene” (hOPMHPYIOT MHMKECTRO, TAK KAK B KAPTE MOKET HPUCYTCTBOBATEL
TOMBKO OAMH YHHKAIbHBIH sE3eMILIAP 06beKTa-Kmoud. IlepeuucieHHBIE HIKE METOIbE
BO3BPAINAIOT 5TH TPH THIIA IPEACTABACHUI KAPTHL

<K> keyBet (}
Collection<K> values()
Set<Map.Entry<K, V>> entrySet ()

{DneMeHTH MOCNEAHETO MHOMECTBA AP “KIoY-3HAUeHHe” ABIMOTCS OOHEKTAMM BHYT-
peHHero Kiaacca Map . Entry.)

O6paruTe BHMMaHHe, YTO MHOMKECTBO Khodeil He sBaxeTcs obbexToM HashSet mam
TreeSet, HO HPEACTABASET cOGOH OGHEKT HEKOTOPOIO JAPYTOro KIACCA, PEATH3YIONIETO
uTepeiic Set. Murepgeiic Set pacumpser uaTepdeic Collection, Crefoparensho,
BRI MOXETE UCIIONL30BATE MeTos key8et ().

Hanpumep, MOKHO HepeGpaTh BCe KIIOYH KAPTEL

Set<Btring> keys = map.keySet();
for (String key : keys)

{
}

OeHcTBUA C© RIKUEOM
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HEeoBXOAMMOCTI NOMCKa 3HAYEHIWA, NEPEYHCRAA BCe 3aMmicd. s 3Toro MOXHO UCNoNL30 -
BATb CHEOYIOWYIO 3aroTOBKY koaa:

0 ECAKM HYXHO OOHOBPEMEHHO MPOCMATPMBATE K/HOUM W 3HAYEHUS, TO MOXHO w3bexats
4
"/

for (Map.Entry<String, Employee> entry : staff.entrySet())

String key = entry.getKeyi);
Employee value = entry.getValue();
do something with key, value

MeTog uteparopa remove (} YAANSET W3 KAPTbI KIHOM ¢ CBA3EHHOE C HIIM 3HAYEHMe, YUTTE, 4TO
HEeNb3s BCTaguTc 3NEMEHT 8 NPeACTABNEHWE K2PThl B BUAE MHOXECTBA KIOHEH, NOCKONbKY
HE UMEET CMbICTA BKNIOYATL KoY 583 yKadaHus CBA3aHHOrD ¢ HM 3HayeHua. B Takom cayuae
meTon add () reHepvpyer uekmoueHne UnsupportedOperat ion- Except ion, AnanorviHoe
OrPaHMYeHUst NPUMEHSIOTCA W K MPELCTARNSHMID KapTel B BMOE MHOXECTBA nap “kioq-
3Ha4EeHME", XOTA KOHUENTYANBHO BCTABKA HOBOMO SNEMEHTA B 9TO MHOXECTBO UMEET CMbICH.

[TpuMenenne KapTel HWULIOCTPHPYETCS B IIPHMEPE, KOA KOTOPOTO HPHBEACH B IHMCTHH-
re 2.5, CHavana K xapTe J0GaBAAIOTCS Naphl “KII0Y-3HavyeHue”. 3aTeM OAMH KII0Y yiarser-
¢, UTO NPHBOAHT K VAAJCHHIO COOTBETCTBYIOUICIO €My 3HATEHHA. 3ATEM M3MEHACTCH 3Ha-
YeHHe, CBA3ANHOE ¢ APYTUM KTIGUOM, 4 JJIA €TO IOMCKA BBI3mBaeTca MeTog get (1. ¥ naxo-
HEIl BEIBOJAMTCS COAEPKHMOE BCETO MHOMECTBA.

Jlgctaar 2.5, Conepsxnmoe caiina MapTest . java

import java.util,*;

/*r
- IlpyMep MCHONB30BAHMA KaAPTH C KIKYUCOM TMiIa
String m zHaueHMeMm THna Employee

*/
public class MapTest

.public static void main(Stringl] args)

{

Map<String, Employees staff = new

HashMap<String, Employees(); -
staff . put ("144-25-5464", new Employee {"Amy Lee")}) ;
staff.put ("567-24-2546", new Employee (*Harry Hacker")};
staff.put{"157-62-7935", new Employee {"Gary Cocper"));
staff.put {("456-62-5527", new Employee {"Francesca Cruz")};
// BeBOO BCEX BHAYCHMIA.
System.cut.println(staff);
// Ynmanenwe suayenmsa.
staff . remove ("567-24-2546") ;

// 3BameHa BHAYCHMA.

staff.put ("456-62-5527", new Employee ("Francesca Miller"});

[
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// Houck sHaveHuH.

System.out.println{staff.get ("157-62-7935")};

// Tiepebop Bcex 3HadeHu.

for (Map.Entry<String, Employees entry : staff.entrySet(})

String key = entry.getKey();
Emplovee value = entry.getValue(};
System.cut .printin("key=" + key + ", value=" + value);
}
}
}

/**
MuHMMATIEHEDT BAPMAHT KJIACCE, ONMCHBALNEIO COTPYLHWMKA .
JaHHEN KNAcs MCHONB3YeTCH JMiEbE B KaYeCTBe [IpuMepa.,
*/
class Fmployee
/**
Cozmanue OOLEKTA, OMMCHBAKMCTIO COTRYIOHMKA © 3aprmaToil $0.
@param N VMMs COTPYAHVKA
*/
public Employee (String o)

n; !

public String toString()

return "[name=" + name + ", salary=" + salary + "1";

}

private String name;
private double salary;

}

EEL java.util.Map<K, V> 1 2.2
——

* V get (K key)
BosspamaeT o0bekt, COOTBETCTBYIONIMIT YKAZaHHOMY IUNIOYY WK dnadenue null,
eC/IM KAPTa HE COAEPAUT YRKA3AHABI Kiniow. Komow MoxeT GuiTh pasen null.

s YV put (K key, V wvalue)
Jobarnaer wiod ¥ 3Havenve K kapre. Ecrg takoi wiow ywe HMEETCH, TO HOBBIA
OOBEKT IAMEHACT MPLABAYIINE, CBATAHABI € 5TuM KAIOYOM, JTOT METON BO3BDAIA-
eT NPEALIAYICE SHAYEHHE ofbexTa WK 3HaYeHNne mull, ecal K04 He CONCPiKaicH
B KapTe panee. Kmou Moxer 6uITh paged null, Ho 3Hadenne A0JDKHO OBITH OTAMYHO
ornull.
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void putdAll (Map<? extends K, ? extends V> entries)
JdobapaseT Bce 3€MEHTHI 33aHHOM KapThI K TEKYIEH.

boolean containgKey (Object key)
Bossparaer 3uaucHpe true, €CIU B KAPTE HMEETCS YKA3AHHEI K0,

boolean containsvalue (Object wvalue)
Bosepawaer 3HaueHue true, €ClK B KAPTE HMECTCS YKA3AHHOE 3HATCHHC,

Set<Map.Entry<K, Vs> entrySet!)

BoaBpamaeT MpCACTABICHHUEC KADPTHI B BHAC MHOXKECTBA oObeKToB Map . Entry, T.c.
nap “rmou-3sadenne”’. Hs 3Toro npeicrapieHMS MOXHO YALISATb 3JAEMEHTEHI, IpH
3TOM OHM YAAITIOTCA M U3 KapPTEL, HO J0GABIATD UX HENb35.

Set<K> keySet ()

BoappamaeT NpeAcTapIeHHE KapTel B BHAE MHOXECTBA BCex Kmodei. Ma sroro
OpPEeJCTABNEHHA MOXHO YAAIATDH ICMEHTDI, [IPH 3TOM KIKYNA M COOTBETCTRYIOUIHE
HM 3HAYCHNA aBTOMATHYECCKH YIAIAKTCR H3 KapThl, HO ,!IO63.BJIS{T[J HOBEIC 2AEMEHTHI
Hebas.

Collection<Vs> values ()

Bosspamaer upejacrasieHue xaprsl B BHAEC MHOMeCTBa Bcex sHauvenuit. Ma »roro
OpeACTaBACHUA MOXKHO YAaIATh BAEMEHTDI, [IPH TOM 3HAYCHUA U COOTBETCTRYIO-
MIME UM KIIOYH aBTOMATHYIECKH YAATAIOTCA U3 KAPTHI, HO NOGABAATE HOBBIE 3IeMeH-
ThBI HEJIb34.

T e R e
nETy<K, V> =5

K getKey ()
V getValue ()
BosppamaeT KAKY HIH 3HAYEHHE 3/ICMEHTA.

V getValue (V newValue)
3amensieT TeKylllee 3IHAYEHHE & CGOMSemCmEyoyield Kabme YKAZAHHEIM 3HAUEHHEM
M BOIBPAIAET ITPEKHEE JHAYCHHE,

'java.utii..Hal'é:hM.épd'(, Vs 1.2

HashMap ()

HashMap {int initialCapacity)

HashMap {int initialCapacity, float loadFactor)

Co3zaeT MyCTYIO X3W-KAPTY € YKA3AHHOM €MKOCTBIO H Koe)bHIIHEHTOM 3arPYKCHHO-
cti (sucno mexcry 0.0 u 1.0, koropoe onpegenseT 3an0AHeHHE XAI-TAOMHIEL B Npo-
NeHTax, MOCTe KOTOpOM OHa JokHa GHITH Meperenepuposana). [lo ymomganuio
Kkoe()GHIEHT 3arPyKeHHOCTH NPHHUMaeTCs paBHbM 0.75.

java.util.TreeMap<K, V> _ 1.2

TreeMap (Comparator<? super K> c¢)
Co3spaeT KapTy-IepeBO H HCIIONB3yeT YKA3aHHbIH KOMIIAPATOP VIS COPTHPOBKH KIIOUEH.

t
|
1
!
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e TreeMap{Map<? extends K, ? extends V> entries)
CosnaeT KapTy-Iepero U J0OARNMET B HeE BCE SJIEMEHTEL B3 YKA3AHHOH KapThL

¢ TreeMap(SortedMap<? extends K, ? extends Vs> entriesg)

Coagaer KapTy-AepeBo, AOGABINET B HEe BCE HIEMEHTH U3 YKA3aHHON OTCOPTUPO-
BAHHOH KapThl M MCIIOABIYET KOMIIAPATOP M3 OTCOPTHPOBAHHOM XapThl.

» Comparator<? super K> comparator({)
Boappaujaer KOMIIapaTop, HUCIIOIB3YEMBIH A/ COPTUPOBKY IUIIOHEH WIKM 3HAUCHIEe
null, ecau kAIOYM CPABHUBAIOTCS ¢ IOMOMBIO MeTOAa compareTo () unrepdeiica
Comparable.

¢ K firstKey (]
* K lastKey(}
Boaspamaer HauMeHBIIMIA HIH HANGOIBIIHI K1I0Y KapTEl.

Crneyuaasusie KAACCHE MHONCECING U Kafym

BuGanorexa #ebOPOB COAEPAKUT HECKOIBKO KIACCOB KApT, MPEAHASHAYCHHEIX 11T Bhl-
NOJIHEHHSA CHENHANH3NPOBAHHDBIX 3a1ay. HekoTopele U3 HUX KPaTKO PacCMATPHUBAIOTCS B
3TOM pajferne.

Xow-wapmu ¢ necmpozum xnuuposanuen

Krnace xsm-kapT ¢ HecTporuM xaniuposanneM WeakHashMap 6bi1 paspaboTaH 1as pe-
WeHHa METepecHoil 3aau. Y10 OPOKCXOANT CO 3HAUEHHEM, KIIY KOTOPOro GONbIIE He
HCNOAB3YETCA B TPOTPAMME, HAMPUMED H3-33 TOTO, YTO HCYL3IA HOCAEEHAS CCUIKA HA 3TOT
kmou? B aroMm cirydae oGpaTHTLCA K OGLEKTY-3HAUEHNIO YiKe HENb3d. A TaK KaK 3TOT KJIIOY
yaKe He COUEPHKUTCA HUT/E B NIPOrPaAMME, TO HET HUKAKOH BO3MOMXHOCTH YAATITh €T0 Tlapy
“kmiov-3HaueHme” U3 KapTel. Ho mouemy ero we MoXeT yAanuTh cucTeMa cGOPKH MyCopa,
B 0BA3AHHOCTH KOTOPOI KaK Pa3 U BXOAUT YAATEHUE HEHMCIIOIb3YEMBIX O0beKTOR?

K comanenmo, Bce He Tak npocTo. CpeacTso cGOPKH MYyCOPa B CHCTEME YIIPABICHLS
HaMATBIG CAEANT 3a dettemayrowgumu obvekTamur. Hloka 06beKT KAPTHL AKTHBEH, 6r¢ AYCHKH
KapThl TAKKE aKTHBHBI, TakuM ofpazom, 06 yaalenuy HEMCNOAb3yeMbIX 3HAYCHUN U3 ak-
THBHBIX KAPT ACTKHA MO3a60THTRCA CaMa TporpamMma. MMeHHo A71g 3TOro v npeanasnayen
kracc WeakHashMap. Takas CTpyKTypa AAHHBIX B3AHMOACHCTBYET ¢ CHCTEMOMH COOPKHM My-
copa s YRAICHUS TeX nap “KA0U-3HAueHHe”, AN KOTOPBLX eTHMHCTBEHHON CCBUIKOH Ha
K04 ABIHETCS 3ATHCh B X3II-Tabaie,

Bot kax paGoTaer 5ToT MexaHuaM. Krace WeakHashMap ucnoabsyeT JUIA XpaHeH st KIowe
neempozue coveanys (weak references). OGbekT WeakReference CONCPIKHT CCBUIKY Ha APYTOH 0OBEKT,
T.€, B JAHHOM CAydae HA )0 Xsin-rabuemal. OGBITHG, eCTH 1 CHOpKe Mycopa BbLACHAETCH,
YTO Ha HEKOTOPBIH 0GBEKT HET CChUIOK, 3TOT OOBEKT YALIACTCA. A €CHH edUHCmeeRHas CCLIKA Ha
ofbeKT vMeeT THN WeakReference, aTa HECTPOras CCHIKA IOMEMAETCH B odepesin. [lepuoam-
HeCKH MPOMCXOINT MPOBEPKA Ha NOAB/ICHIE HOBBIX CCBUIOK B OUEPENH, TAK KaK 5TO O3HAWACT,
YTO JAHHEI K109 GoJbine HE MCIMOMLIYETCS U €r0 OGBhEeKT MOMHO yaainTh, Takum o6pasom,
wiace WeakHashMap yaanser COOTBETCTRYIOMIEE STOMY KINIOUY 3HATCHME.
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CoAasnble XIUL-MHONCECHIBA U Kapnvt

B JDK 1.4 6puin npemioxensl K1accel LinkedHasghSet u LinkedHashMap, koTopble
3alnCOMHHAKT NOCAER0OBATEIbHOCTE BCTABKH B Ha60p A4dHHBIX IFOBBIX II}/‘HKTOB. Taxum 06pa—
30M, IMMOPANOK CIcAOBAHNA IIyHKTOB Ta6JlI«‘I[IbI VYAHC HC BBINIAAUT CJIY‘-[aﬁHbIM. [To Mﬁpﬁ
A0oBaBIeHMA 3anKceil B TabauLy OHE (POPMHUPYIOT ABYCRAHEI crncok (prc. 2.9).

Puc. 2.9. Cerasxan Xam-TadaHna

PaccMoTpum, HanpuMep, KapTy U3 IpHMepa, NPUBEJCHHOrO B IHCTHHIE 2.5,

Map staff = new LinkedHashMap () ;

staff.put("144-25-5464", new Employee ("Amy Lee"}):
staff.put ("567-24-2546", new Employee{"Harry Hacker"));
staff .put ("157-62-7235", new Employee ("Gary Cooper™));
gtaff.put ("456-62-5527", new Employee ("Francesca Cruz"));

Hreparop staff .keySet () .iterator ()} nepeyncauT ee KIIOYH B CISAYIOMEM TOPAKE:

144-25-5464
567-24-2546
157-62-7935
456-62-5527

Awnrepatop staff.values () .iterator () mepeurc/iuT e¢ 3HAYCHMS TAK:

Amy Lee

Harry Hacker
Gary Cooper
‘Francesca Cruz

CBsI3HAS X9I-KAPTA MOXKET 34IIOMHHATE MOPAXCK AOCTYIIZ M YIUTHIRATE €70 [PH epe-
6ope snemenTos. Kaxaplil pas, xorja B BbI3blBaeTe MeTOH get () wam put{), 3anmce,
KOTOPYIO OH Bana.FI/IBaeT, y,I[aJlHETCH M3 3aHuMaeMOoil MMO3UITMMK M1 HCPEMEH_I&CTCH B KOHEI
CBA3SHOI'O CIIHMCKA. (HPH ITHX onepaunﬂx H3MEHACTCS CTPyKTYpa CBA3HOTO CIIHMCKA, HO HE
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STYCEK XSm’Fa6ﬂHHbﬁ. 3anyich OCTAaeTCA B TOM ﬁ‘ieﬁi{fﬁ, KOTOpasa COOT‘BGTCT‘BYCT XIW-KOLAY

gniova.) JAas Toro 9Toful CO34aTh MOJOOHYIO X3UI-KAPTY, HYKHO HCUOAB3OBATD CAEIYIONee

BhipakeHnc:

LinkedHashMap<K, V={initialCapacity, loadFactor, true)

3uaTh IOPANOK JOCTYHA HEOGXOANMO, HANPHMED, 1S CO3ZAaHus kaura, paboTamoinero
1o NpUHIENY “MOCAeTHETO G BPpeMeHu MCoAb3osanus”. Hanpuvep, BaM MoxeT noHa10-
GMTBCH XPAHMTE B MAMATH HAM0O0ACE YACTO UCTIONL3YEMBIE 3AMMCH, 4 T€, € KOTOPBIMH IIPH-
XOANTCHA paGOTATh PEAKO, MIRIEKATH M3 6A3L! JaHHIX. EcIn BLl He HAXOQMTE 3AITHCH B Tad-
Jure, a Tabaula yae JOCTATOYHO 3AITONIHEHA, BBl MOXETE YIANMTD € IOMOIIBIO NTEPATOpPA
IEPRLIe HECKOILKO dleMeHToR. HMeHHO 3TH 51eMeHTH UCTIONK3YIOTCA PesKe APYTHX,

[Ipy sxeraHuu Bbl MOMKETE ABTOMATH3MPOBATD 3TOT mponect. CosfaiiTe I10IKIACC KIac-
caLinkedHashMap u mepeonpeaeauTe CAEAYIOUH METOA:

protected boolean removeEldestEntry (Map.Entry<K, V> eldest}

Ecan Aawuplil MCTOA BO3BpAMIacT 3HAad9eHKe Lrue, TO A00ABICHUE HOBOH 3aNHCH NPH-
BOJIMT K yaaleHmio HauGonee crapoi. Hamprmep, npupeseHHBI Hike (parMeHT Koza
oA pKUBAET K3l pazmepom 100 saemeHTOB,

Map cache = new
LinkedHashMap (12 5, 0.8F, true)

protected boolean removeEldestEntry (Map.Entry eldest)

return size() > 100;
) t
C APYroit CTOPOHEI, MOKHO TaKKe IIPOBEPHTE COAEPHKUMOE HanBonee JaBHEro o Hc-
NOMBRORAHKIO 37eMeHTA eldest n pemwuTh, CACAYET AU €ro yaanark. JAs gero mMomHo,
HAMPUME], NPOBEPUTEL OTMETKY BPEMEHH AJA 3TOTO 3ACMEHTA.

Hymeposannvie MHoocecman u xapmo:

Fiace EnumSet npeactanageT coboll 3eKTHBHYIO Peaipsallin MHOKECTEA, AEMEH-
TBI KOTOPOIO NPHMHALJICIKAT HYMCPDOBAHHOMY THIIV. HOCKOJIBKY HYMEPOBaHHI)Iﬁ THII MOMKET
HUMCTBh KOHEYHOC YHMUI0 IKIECMILTADOE, EnumSet COACPHKUIT NOUIEEOBATC/IBHOCTD GuTOR.
Ecau 3navenne IPHCYTCTBYET B MHMWEECTBE, COOTRETCTRYIOMMI OUT YCTAHABIMBAETCH.

Kracc EnumSet He uMeeT obmeA0CTYIIHBIX KOHCTPYRTOPOB. A1 co3manud MHOKECTBa
PICIIO]IbSYCTCﬂ CTATHYECKUH METOH.

enum Weekday { MONDAY, TUESDAY, WEDNESDAY, THURSDAY,
FRIDAY, SATURDAY, SUNDAY };

EnumSet<Weekday> always = EnumSet.allOf (Weekday.class);

EnumSet<Weekday> never = EnumSet.noneOf (Weekday.class);

EnumSet<Weekday> workday = EnumSet.range (Weekday.MONDAY,
Weekday . FRIDAY) ;

EnumSet<Weekday> mwf = EnumSet.of (Weekday.MONDAY,
Weekday .WEDNESDAY, Weelday.FRIDAY) ;

Jna paboTel ¢ EnumSet MOXKHO HCHOAB30BATh OOBIMHBIE METOALI, 00bIBACHHbIE B HH-
Tepdeiice Set.
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Kracc EnumMap — 3T0 KapTa € KIOYAMH, NPUHAICKANUMA HYMEPOBANHOMY TUIY.
Ox npeAcTasasger 060l aderTURHO OpraHU3OBaHHBIN MaccHB 2HaveHuit, Tun xmoua
33aeTCA B KOHCTPYKTOpE.

EnunMap<Weekday, Employee> personInCharge = new
EnumMap<Weekday, Employees(Weekday.class);

E extends Enum<E>. Ha AEPBbIA 83rMs OH MOXET 0Ka3aTeCA CTpaHHbIM. BCce Hymepo-
BaHHbIE TMNLI PACLUMPSIOT YHUBEPCanbHLIA Knace Enum. Hanpumep, Weekday paclunpset
Enum<Weekday:.

D B paafene JokyMeHTalWK No AP, NOCBALLEHHOM EnumSet, MOXHO HAATH NapamerTp Tura

Xourxapmo ¢ uNOUBUOVGAGHBLM XIUWUPOSAHUEM

B JDK 1.4 po6apaeH eme ofuH coenuankHBIH Krace IdentityHashMap, BBIIONHSIO-
muil HHAMBHAYUIBHOE XININPOBAHKE, XIOI-KOABL KII0YEH B HEM NOACUMTHIBAIOTCA HE METO-
aoM hashCode {), a meTofoM System. identityHashCode (). 3ToT METO[ BEIYHCAAET
X3I-KOA IO anpecy obbekra B MaMaru. KpoMme TOro, Jasi cpaBHEHHS OOBCKTOB KIacce
IdentityHashMap npuMeHseT ONepaToOp ==, a He MeTof equals ().

Huaye rosops, pasHbie 0GBEKTBl CUUTAIOTCH OTIHYAKIIMMECA APYT OT ApPYra, Jaxe
€CITH UX COAEPRUMOE COBHAAET. ITOT KIACC ITONE3EH 1A PEAN3AIHMH AArOPATMOB 06X0)a
OGBCKTOR (HAMpHMED, A1 CCPHAIH3AINMT), B KOTOPHIX TPEHYCeTCA CACHUTE Jake 33 TeMH
OOBEKTAMH, KOTOPEIE Yike GhLTu TPOHIeHb HTEPATOPOM.

53l Java.util.WeakHashMap<K, V> 1.2
===
e WeakHashMap ()
e WeakHashMap(int initialCapacity)}
* WeakHashMap(int initialCapacity, float loadFactor)

CozgaeT NycTyIO XDUFKAPTY C YKABAHHON EMKOCTEIO H KOMDQIMITHEHTOM 3arpyKEHHOCTH.

xr1|| java.util.LinkedHashSet<E> 1.4

e LinkedHasghSet ()

o TinkedHasghSet {int initialCapacity)

¢ LinkedHaghSet (int initialCapacity, float lecadFactor)
Coszaer mycToe CBASHOE X3UI-MHOKECTBO € YKABAHHOM eMKOCTBIO M Koaddunuen-
TOM EaI‘pY)KeHHOCTI/I.

l;ffl java.util.LinkedHashMap<K, V> 1.
{]

¢ LinkedHashMap ()

¢ LinkedHashMap{int initialCapacity}

¢ LinkedHashMap (int initialCapacity, float loadFactor}

¢ LinkedHashMap (int initialCapacity, flecat loadFactor, boolean
accessOrder)
CoafiacT nNycTyIo CBA3HYIO X3UFKADTY C 3aJaHHOH €MKOCTbIo, Ko puImuerToM
3arpYKEHHOCTH H NOPLAKOM JOCTYIIA.
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* protected boolean removeEldestEntry (Map.Entry<K, V> eldest)
Ecnm HyxnRO, yTOOBI 3MeMEHT eldest aBTOMATHYECKH YRAISICH, JAHHBIE METOJ He-
OBXOAMMO MEPEONPEAEIUTs, TPH 9TO OH ROMKEH BO3Bpallarhk 3HAaYeHHe true.
B npeanaraemoli mo yMONIYAHMIO peATHU3ATIUM OH BO3BpaliaeT auadeHue false, T.e.
cTaphble DJIEMEHTHI HE yAANAIOTCA. MeToa MOXKHO Iepeonpefe uTh Tak, YTOGLI OH
BLIGOPOYHO BO3Bpalla] 3HAYeHHe true, HAOPHUMED €CIH HauhoJCe MaBHUI 110 MC-
MOMB30OBAHHMIO IEMEHT YHOBACTBOPACT ONPEACAEHHOMY VCIOBHIO WM KapTa npe-
BLUHACT 33 aHHbII pasMep.

Ar1]] Java.util,EnumSet<E extends Enum<E>> 5,0
B J@wamzww&w

2R

¢ gtatic <E extends Enum<E>»> EnumSet<Es> allCf (Classg<E> enumType)
BoaBpalligeT MHOXECTBO, COACPXKANIEE BCE 3HAYCHHUA YKA3ZAHHOIO HYMEDPOBAHHOIO
THOA. ‘

¢ gtatic <E extends Enum<E>> EnumSet<E:> noneOf (Clags<E> enumlype)

v

BoaspainaeT mycroe MHOMXKECTBO, CHOCOOHOE XPAHHTL 3HAUCHUs JAHHOTO HYMepo-
BAHHOrO THIIA.

¢ static <E extends Enum<E>> EnumSet«E> range(E from, E to)
BoaBpamaer MHOXKECTRO, COAEPIKalliee BCE 3HAUCHMA Mexzy from ¥ to (Brmowasn
fromm t£o).

¢ static «<E extends Enum<E>> EnumSet«E:> of (E value)

¢ gtatic <E extends Enum<E>»> EnumSet<E> of (E value, E... values)
BosppamaeT MHOKECTBO, COIEPAKANIEE YKA3AHHBIC 3HAYECHIA,

@ java.util.EnumM ap<K extends Enum<K>, V>50

* EnumMap (Class<K> keyType)
Coapaer NyCTYIO KapTy, NOALE PKHBATOLIYIO KTIOTH yKaaaHHoro THIIA.

1 java.util. Ident1tyHaahMap<K, V> 1.4

s IdentityHashMap ()}

s TdentityHashMap{int expectedMaxSize)
Coanaer OyCTYIO X3MI-KapTy ¢ WHAUBIIYAALHEIM X3IIHPOBAHHEM, EMKOCTh KOTOPOIH
paBHA HAMMEHBINEH CTENEHH ABOHKH, NIpepplmalolieit 1.5 * expectedMaxSize,
(3nauenne expectedMaxSize no yMOIYaHHIO paBHO 21.)

java -.'larig . KSystem 1.0

¢ static int identityHashCode (Cbject obj) 1.1
Bosppamnaer TOT e X5HI-KoJ (BbJUCIAEMBIH 10 agpecy o0bexTa B IaMATH), 4TO
umerToa Object . hashCode (), aaxe ecou merof hashCode () mepeonpeaencH
B KJIaCCe, KOTOPOMY IIPHHAIEKHUT Obj.
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Bazosbie cpeacTBa A paboTeI ¢ AAHHEIMHU

Komrinexc 6azoBnix cpeacTs (framework) npescrabaseT coboil Habop Kaceor, hopMu-
PYRIIMX OCHOBY ANA PACHUPEHNA (PYHKUHOHANBLHBIX BO3MOMHOCTEH, B coCTaB 6a30BBIX
CPEICTE BXOASAT CYIEPKIACChl € INOME3HBbIMHI CBOMCTBAMM, MIPABUIAMM ¥ MEXAHH3MAMM.
[TonbazoBsarens Ga30BLIX CPEACTE POPMUPYET AOUEPHME KAACCH, PACIIHPLIOIME UCKOTHYIO
QYHKIHOHAIBHOCTD, HE H306peTas MOBTOPHC OCHOBHbIE MexanmsMbl. Hanpumep, 6ubmuo-
Teka Swing npencrasaseT coboi KOMILICKC GA30BBIX CPEJCTB ANA CO3MAHUA MOTb30BATEN:
CKHUX HHTepdeiicoB.

bubmorexka Habopos JaHHBIX Java 0OpasyeT HaszoBhIe CPEACTER Al PaGUThL CO CTPYKTYPaMK.
B neii onpesereHpl HECKOIBKO HHTEPQeHcoB H abCTPaKTHBIX KIACCOB [UIA peali3aHH HaboOpoOB
JAHHEIX, KOTOPEBIE MOKA3adbl HA pHC. 2,10, a Takxke onpeeneRHble MEXaHH3MB!, HAIpHMED NPo-
TOKOI Hrepaiy. Kak nokasaHo B Mpeapiayliux pasfesta, KIacchl HAGOPOB JAHHBIX MOMKHO Hc-
HO/IB30RATD, JAXKe HE 3HAL OCHOBHBIX OPUHIMIOB paboTel 6a208bix cpefcTh. OAHAKO 91U 3HA-
HUst NOTPEGYIOTCH, ©CIH BBl 3aX0THTE PEANIM30BATh YHABEPCATBHEIE ATOPHIMEL JUIS HECKOABKITX
HAGOPOB JAHHBIX IH CO3JaTh HOBYIO CTPYKTYDY.

s HabopoB JaHHBIX [PEAYCMOTPEHO [Ba OCHOBHBIX wnHTepgeiica: Collection
U Map. Jna BCTaBKK 3/1€MEHTOB B Kadcc Collection wenomayeTcsa MeTon add ().

boolean add{E element)

Kapra {(unTepdeiic Map) npegnaspadena Qis8 XpaHeHHUa nap “KIQY-—jHAYEHHE”, 4 A
HX BCTABKH HIPHMEHAETCS METOA put ().

V put (K key, V value)

Jlns 9TeHus siaeMeHTOB M3 Kiacca Collection HMemonbayeTcs Hreparop {uHTepdeic
Iterator), a 15 0OpaieHns K 3/ICMEeHTaM KAPThI IPUMEHIETCS MeTog get ().

V get {R key)

Crcox Ligt npeicTapageT coObOM ynopadouenweiil natop (ordered collection). Fro snemeHTbI
ROGABASIOTCH B ONPEACTICHHOM MECTE KOHTEHHepa OfHHUM U3 ABYX CIIOCO60B: M0G0 OO Nero-
YHCHEHAOMY MHAEKCY, MO0 o HrepaTopy cnmcka. Mirepdeiic List cogep#uT onpejene-
HUSI HECKOJbKHX METOAO0B U151 00ecIe e s IIPOR3BOABHOIO AOCTYIIA K aJeMeHTaM Habopa.

volid add(int index, E element)
E get (int index)
void remove {int index)

Kax yxe ynmomuuanocs Bbilie, uHTepdeiic List npepiaraer MeToAbl TPOH3BOABHOTO
AOCTYII HE3ABMCHMO OT TOI'Q, ABAAITCH OHH 3 heKTHBHLIMK ANA KOHKPETHOH peamnsa-
npm sutd Her. Urobel m3bexarh pecypcoeMkux onepanuii, B JDK 1.4 npeaycmorped um-
Tepipeiic RandomAccess. Ox He COMEPXKHUT KAKHX-1H60 METOAOB M IPUMEHAETCA JTHIIb JL1s
IPOBEPKH TOTO, NMOAAEPKUBACT JTH OIPEAEICHHEBIN Habop JauHbIX 3 eKTHBHDIH IPOUs- .
BOJIBHbIH JOCTYIL

if (¢ instanceof RandombAccess)
MCHONAEZ0BATE ANIODHTM C HPOM3BOJABHEM IOCTYIIOM
else

{

HCNCJB30BATE aJJIOPHTM C NOCHEeHOBATEJBLHBEM JOCTYIIOM
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Jror nurepdeiic PeAIU3YIOT CASAYIOIIUE KIACChl! CIMCOYHBIN MaccHB ArrayList #
BeKTOp Vector.

C TeopeTuieckol TOUKM 3peHus MMeno Obl CMBICN MCMONB30BATE OTASNbHBIA MHTEPGhERC

. Array, PacluMpAIOWMA UHTEpdERCc List, B KOTOPOM 00BABASIIUMCE Obi METOALI 11PON3-
BOMLHOIO AocTyna. Ecmn Bbf CyWecTBORAN OTASMNbHBIA UHTERGhEAC Array, TO anropUTMbl
NMPOM3BONLHOIO AOCTYNA UCNCL30BANKM (bl NApaMeTpsl Array W UX HENb3S ObUIo Bl Cny-
YallHo NPUMEHsTL K HABopaMm, B KOTOPLIX MPOM3BOALHLIA JOCTYN OCYWECTBNAETCH Mef-
NeHHo. OaHako paspaboTyukn 6a20BbiX CPeRcTe ANA paboTe ¢ HabopamMM AaHHbIX Npen-
NOYTM HE CO34aBaTk OTASNbLHLIM UHTEpPdERC, YTobs orpaHu4nTe ofuwee KONMHECTBO WH-
Tepdeicos B Budnuoteke. Kpome Toro, OHK He XOTENW UBNIMLHE OMPaHUYMBATL NPOrpam-
MUcTOB. [MO3TOMY B anropuTmax, MCNonb3ytowmx APOM3IBONLHBIA A0CTYN, MOXHO Takxe
NPUMEHATL CBA3HBIE CNMCKW. CneayeT AVLb NMOMHWTE O TOM, YTQ APOM3BOAUTENBHOCTL
anroputma npy 9ToMm Oyaet 60n1ee HU3KOW.

fterable

T

. Collection Map lterator RandomAccess,

A

List Set Queue SortedMap Listiterator

SoriadSet

Puc. 2.10. Hurepdeiicsl, BXoasmpe B COCTAB KOMIUIEKCA Ga30BBIX CPEJICTE I paboTel ¢ RaGoparm
JTAMHBLX

B I/IHTEP(})CHC& HTepa'ropa cnucka ListIterator obbasien METOA BCTABKH BIEMEHTA
nepen TEKY]JICI/I HOSI/IHI’IQH ureparopa.

void add(E element)

Jna nonyueHus v yAAIeHHA 3NEMEHTA B OTIPEAEIeHHON MOSHIMH UCTIOABSYIOTCA METO-
Aot next () uremove {) uHrepdeiica Iterator.,

Hinrepheiic MpoxkecTsa Set uaeaTueH HATERdeiicy Collection, HO TIOBEACHNE €TD Me-
ToAOB onpeencHo Gasee crporo. Meron add () MHAOXKeCTBA O/DKER OTBEPTATE HOBTOPSIONIME-

1



162 Mnaea 2. Ha6opbl gaHHbIX

o anemerTsl. MeTtoz equals () momkeH GblTe ONpEIeICH TaKHM O6Pa3oM, 9TOOBI JBA MHOME"
CTBA CYUTANHCH WICHTHYHBIMH, €Y B HHX COAEPHATCH OXMHAKOBLIC 3IEMEHTD] (Aaie ¢CIH OHH
OTIMYAIOTCA MopaiKoM paciogoxenns). Meroa hashCode () aomaen OuIThL OIIPEXE/IEH Tak,
ITOOBI 134 MEQKECTER € OJMHAKOBBIMH 3ICMEHTAMM HMETH OJAMHAKOBBIN XBHI-KO/I,

J1s werc xe HyXHO CO3TABATH OTAC/AbHBIC HHTep(beifiCbI, €CJIM CUrHATYPHI MX METOAOB
coBnagaoT? Jles1o B TOM, YTO KOHIEITYAIbHO HE BCe HAGOPHI JAHHBIX ABASIOTCH MHOMKECT-
BaME, TIOPTOMY HPUMCHCHMC nﬂ'repcbei’ica Set 1o3BOJAET DPOrpaMMmCTaM CO3JABATL ME-
TOABI, BPUMEHHMEBIE TOJLKO J1A MHOXECTB.

M naxoHen, uaTepeichl COPTHPOBAHHOIO MHOKECTBA SortedSet U copTupoBaHHOA
KapThl SortedMap NpefOCTaBAfIOT OOBCKT CPABHCHHA sl COPTHPOBKM M OIPEAENSIOT
METOIE! AN Ipe/iCTABACHUS IOAMHOXECTR Habopor Aanunik. Takne npeacrasieHus nox
POGHO pacCMaTPHBAIOTCA B CAELYIONIEM Pasiese.

Iepeiinem oT uHTEpEHCOB K PACCMOTPEHIIO KTACCOB, PEANHIYIOMIX WX, 35€Ch YaKe 06CyxK-
JIanoch, wro HHTepdeiichl HeGOPOB AAHHBIX COACPHAT HECKOABKC METOOB, KOTOPbIE MOIyT
GBIT POCTO PEATM3OBAHDI HA OCHOBE Gosiee BbYHIAMEHTAILHBIX MeToA0B, Hinke nepeuncaensl
ABCTPAKTHBIE KIACCHI, KOTOPBIE COAEPIKAT PEATH3AIIAN HAHOOMEE PACTIPOCTPAHEHHBIX METOAOB,

AbstractCollection
RbstractList
AbstractSequentiallist
AbstractSet
AhstractQueue
AbstractMap

Ilpu peanmsanMu COGCTBEHHOTO KIAacca HAboPa JaHPIX MOKHO BOCIIONL3OBATHCH PACIIHpE-
HHEM OJIHOTO H3 3THX KJACCOB C YKe PeaTH30BAHHBIMI B HIX CTAHAAPTHBIMH OTICPALAMH,
Kpowme Toro, 6udanoreka Java Conepx uT paj KOHKPETHBIX KJACCOB.

LinkedList
ArrayList
HashSet
TreesSet
PricrityQueue
HashMap
TreeMgp

Ha puc. 2.11 nokazana B3aMMOCEA3b MEXKTY STHMH KJIACCAMM.

HaxoHel, cylteCTByeT HECKOMLKO “yHACACAOBAHHBIX  KJIACCOR-KOHTEHREPOB, KOTOPBIE
OBLIM MPEACTARAEHBI E NEPBEIX BEPCHAX MIaT(GOpMEL Java eme A0 NOABIEHUS OAROBBIX
CPEACTB JUIs paGoTHI ¢ HabopaMu AaHHBIX.

Vector
Stack
Hashtable
Properties

Ompr taloke OBUIM WHTEFPHPOBaHLI B COCTaB $a3’oBbIX CPEACTB, KaK NOKA3aHO HA
puc. 2.12, Bonee noapo6HO 3TH KAACCHI PACCMATPHUBAIOTC JANEE B IIaBE.
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Abstract
Collection
Abstractlist AbstractSet AbstractQueug AbstractMap
Abstrelact HashSet TreeSet PriorityQueue HashMap TreeMap
Sequentiallist
Linkedkist ArrayList

Puc. 2.11. Knaccel, BXoasiuine B cOCTas 6a30BbIX CPEACTR K5 paboThl ¢ AARHBIME

List . Map
od- : 4(
il e
Abstractlist Hashtable
RandomAccess
Vector Properties

Stack

Puac. 2,12, YHacneoBaHHBIE KIACChl B CocTaBe 6azoBbIX CReACTs /1A paboThl ¢ JaHHBIMEA
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{Ipedcmaeaenun u oGoa0uKte

HMocae usyuenus puc. 2.10 i1 2.11 MoxeT BOIHUKEYTh MBICIE 00 H30LITOUHOCTH CPEACTS.
3auem NOHAACOMIOCE CONARATE MADKECTBO MHTEDECoB 1 abCTPARTHRIX KIACCOR I pea-
MUIAUU JOBOMBHO YMEPEHHOIQ KOJHUYECTRA KOHKPETHRIX HA00POR JaHHbIX. OAHAKO 3TH pu-
CYHKM HE NOIHOCTHO OTPAKAIOT BOIMOKHOCTH GasoBore nabopa cpegers. Mononbays nped-
cmagsertA, MOKAO ROAYIHTL Apyrie ofkerThl, peamayione yartepdelic Collection wan
Map. TIpuMepoM 3TOr0 MOKET CRYKHTE MeTod keySet () wraccor kapt. Ha nepsbiit BIragn
MOMKET TIOKABATHCA, YTO 3TOT METOX COAALT HOBOE MHOMKECTBO, 3AIOJHALT €ro KII0UaMy I
Bo3BpamaeT ero. Ha camoM gene ato He tax. Meros keySet BOSBPAWMACT 3KIEMILIAD KIACCA,
peannayioniero daTepqeiic Set, MeTOAbl KOTOPOro padoTaloT ¢ HCXOAHOI xaproit. Taxoi
HaG0p ¥ HABLIBACTCH npedcmaanenuem ( view),

Texronorua paboTihl HA OCHOBE NPEACTABICHUH HMEET HECKOJBKO TOAE3HBIY TPHME-
HeHWil Ipu padoTe ¢ HabopaMu FaHHLIX, (JHH PacCMAaTPHBAIOTCR A6 B [JIABE,

“Hezxoaecnme” oborouxu nabopoe dannsex

Krmacc Arrays cogepxur craTiteckuit meton asList (), kKoTopelii rosspamaeT o60-
xouKy List ana obbIMHOro MACCHE2 Java, TOT METOJ, TO3ROIAET TEPEAATH MACCHE METOLY,
apaMerp KoToporo uMeeT Tun List wimm Collection. Hmnke npusenen npuMep ucnons
: aopanmA meroxa aslist ().

Cardl]l cardDeck = new Card[52];

List<Card> cardlist = Arrays.aslList (cardDeck) ;

Bosspamaemeifi ofnexT MetoAa asbhist() ue UpMAANEXHT Kaaccy ArrayList,
3ro 0OBERT-MPEACTABICHHE, MeTOABI get () ¥ set () xoToporo MoryT obpamarecs K 6aso-
BOMY MacCHBY. Bee METOAB!, CHOCOOHSBIC MBMEHATE pPasMep MaccuBa (Hanpumep, add () u
remove {) COOTBETCTBYIOIETO WFEPATORA), FEHEPMPYIOT MCKMOueHMe Unsupported-
OperationException.

Hauusas ¢ JDK 5.0 metox asList () 06bABACH KZK METOX, MMEIOIIUI HEPEMEHHOE KO-
YECTPO rapaMeTpos. BMecro Yoro yToGH yKasLIBaTL HPH BBISOBE asbhist () Maccus, BRI MO-
SKETE IPEFATD €My KOHKPETHBIC HIEMEHTBL JIpHMe]D Takoro obpameHys IIPUBeIeH HUKE,

Ligt«String> names = Arrays,asbist (*Amy", "Bob", "Carl"});

B pesyspraTe NPHBEACHHOTO HAJNEE BLIZOBA BO3RPAHIAETCS HEMSMEHACMDIA OOBEKT,
’} KOTOpBIH peanusyeT uuTepdeiic List ¥ COBAAET BHCUATAEHME HATMIMA N INEMEHTOR,
KaAIBIi H3 KOTOPBIX IPeACTABICH Kak anCbject.

Collections.nCopies(n, anObject)

Hanpumep, crexyiomas cTpoka koja, coanaer 100 crpok, s kaxioft M3 KOTOPHIX Haxo-
AUTCA TTOCAEI0BATEIBHOCTE CHMBOIOB DEFAULT:

Lisr<String> settings = Collections.nCopies {100, "DEFAULT");
IIpn sToM HAMATL NPAKTUWYECKH HE PAcXORYETCA, TaK KaK PEaibHC XPAHUTCH TOARKO

OJWH FRIEMIUISP 0ObeKTa, TaK BRIFISAHT ONHO H3 MIAINHBIX HPUMEHEHMH TeXHOROrHH
IPeACTAHACHUH.

Knace Collections COAEPMWT HECKONBKD BUTIOMOFATEMbHBIX METOL0B, NapaMeTRh Wit
BO3BPALIAEMbIE 3HAYEHWA KOTODLIX SBNRIOTCHA HADopaMu fanAbBIX. ITOT KNacc He cnenyer
nyrare ¢ HTEpdeAcoM Collection.

'-—-——————-——"
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B peayanaTe BEINOJIHCHMST HpI/IBCI[CHHOﬁ HHMXE CTPOKH Koja Boanpam,ae‘Tcn 06’bCKT
npeJcTaBleHHA, peanusyiomuit uarepdeiic Set (MeTpa ncopies (), B OTAUYHUE OT HETO,
Bosepamaer List).

Collections. gingleton (anCbhject)

Bosspamaempiil 06beKT peainayeT HEM3MCHACMOE OJHOBICMEHTHOS MHOXKCCTBO; IPH
9TOM HAKMAJHLIE DACXOJLI HA MMOAAEPXKY CTPYKTYPHI AAHHBIX OTCYTCTBYIOT, MeToxm!
singletonList () nsingletonMap () BeayT ceds Tak xKe.

Juarazonn

Jns HEKOTOPBLIX HABOPOB AAHHBIX MOKHO QOPMHPOBAThH IPEACTABICHHA JHATA30HOB
{subrange). Ilpeanonoaam, 13 cnucka staf f HEOGXOAMMO M3BJACYL DIEMEHTH! B JUANIAZ0-
re oT 10 1o 19, Jlxa moaydenns NpejACTABNEHAS JHANASOHA CIHMCKA NPHMEHACTCA METO]
subList ().

List group2 = staff.subList (10, 20);

Hepnmﬁ HWHAEKC BIUTIOYACTCA B JHUAIIA30H, 2 BTOpOﬁ -— HET, TOYHO TAK XE, KaK AJs Ore-

paiuy substring () kaacca String.
K puanasony MOXHO IPUMEHATh J00bIE onepauvm KOTOPDBIE aBTOMATHYECKH OTpaKa-
I0TCA HA BCeM Crcke, HampuMep, MOKHO YAAIUTE BECh JHATIAS0H.

group?.clear!(); // coxpaweume crnmcxa staff

B rakom cygae areMeHTRI ABalla3oHa aBTOMaTHYECKH YAATAIOTCI 13 CHHCKA staff a
CIIMCOK group2 CTAHOBUTCA MYCTbIM. : [

B copTupoBaHHLIX MHOKECTBAX M KAPTaX IpH DOPMHAPOBAHNH ;marraaoﬁa ucrronbsye'r-
€ NOPAZOK COPTHPOBKH, & HE NO3MLUA 3NemeHTa. Jna 31oT0o B MATEp(elice SortedSet
06BABIEHDBI TPH METOHA.
subSet (from, to)
headSet (to)
tailSet {from)

[lepBbiit MeTOA BO3BPAIIACT MOAMHOKCCTBO 3ICMEHTOB, GoTbIIMX MM paBHeix from i
CTPOTO MEHBINMX £O, BTOPOIi — CTPOro MEHBIIMK LO, a TPETHI, COOTBETCTBEHHO, HoabIINX
uru'paeHbix £rom. CymecTsyior nogobHiie MeTOAL! U 1A COPTUPOBAHHBIX KAPT.
gubMap (from, to)
headMap {to)
tailMap (Erom)

Oun BO3RPAILAIDT NPEACTABJICHHAA KAPT, COACPKANTHE BCE BNCMEHTHI, KANUU KOTOPBIX
NPHMHAANEKAT YRAIAH HOMY NMAIIAS0HY.

Hemodupuuupryemoie npedcmaareniin

Knacc Collections copepmut MeTONBI, KOTOPBIE CO3IAIOT Hemoduuutpyemoe npeo-
emacaenus, (unmodifiable view)} waGopos ganHmx. B sTux npeAcTaBJIeHHAX pPealu30BaHa
IPOKEPKA CYUIECTBYIOMIErO Habopa, BHINOIHAEMasA HA »Tane paboThl nporpaMuel. [Ipu no-
MBITKE MOAUGpHIMPOBATh HABOD, FeHEPHPYETCH UCKTOUeHHe W Habop JAHHBLIX OCTAETCH
HEUBMEHHBIM. S
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Jns onyaeHns HEMOAUDHIMPYEMBEX HDEACTABIEHHI IPe/Ha3HATEHbI IECTh MCTOAOR,

Collectiong . unmodifiableCollection
Collections.unmodifiablelist
Collectiong.unmodifiableSet
Collections.unmodifiableSortedSet
Collectiong.unmodifisbleMap
Collections.unmodifizbleSortedMap

Kaxaplit MeTol OpHECHTHPOBAH Ha KOHKPETHBIH Hurepdeiic. Hanpumep, Collections.
unmodifiableList () paboTtaer ¢ ArrayList, LinkedList 1 /mo6eM APyriM KIaccoM,
peansyouM nETepdetic List,

TIpeanionoxuM, HAIPUMEp, YTO Bbl XOTHTE, UTO0B! HEKOTOPEIE (pparMeHT BALIETO KO
THPOCMATPHBAT, HO HE IATPATMBAL COAEPKUMOE Habopa fanubix. Jlas 97OT0 BEINOIHMTE
chenyoinie JeicTBUA;

List«String> staff = new LinkedList<Strings{);

lookat (new Collections.unmodifiableList (staff));

Merop Collections.unmodifiableList () BosBpamaeT sk3eMIULAP KIacca, peain-
sylomero uHrepdeiic List. Merog aocTyna TOro KIacca H3BIEKaeT sHaYeHna u3 Habopa
gtaff. OQueruauo, 4TO MeTOl lookAt () MOMET BHIABIBATL BCE METOALI, OOBARICHHLIC
B urTepdeiice List. Oguako Bee MogaduImMpyomme MeToAsl (HampumMep, add ()) nepe-
olpeAeaeHBl TAK, YTO BMECTO ofpaineHus K 6azopoMy HaAbOPy TeHepUpPYIoT HCKIIOYEHHE
UnsupportedOperationException.

Hemoauduuppyomees MpejicTaBIeHUe He AENaeT CaM Habop KAHHBIX HEHIMEHICMBIM.
Bl MoxeTe MOIMPUIMPORATL HAGOP MOCPEACTBOM OBLIYHOM CCHUTKM (B HAIEM CIydae 310
staf £). [Ipu aTom MeTos!, MOTMAUIIIPYIONIME DIEMEHTEL HAGOPA, GCTAIOTCH JOCTYTIHBIMEL

Tlockonnky rpeactasiaetue popMupyeT oborouky Ana untepdetica, a He LA pealbHO
ro obpexTa Habopa, JOCTYHHBEIMH OKA3BIBAIOTCA METOLbI, OOBABACHHBIE B COCTABE MHTED-
¢pefica. Hanmpumep, xmace TLinkedList CoOAepHHT BCHOMOFATENLHBIC — METOHBI
addFirst () waddLast (), orcyrcTryloinme B unrepdetice List, ITH MeTOLb: HEAOCTYII
HB] IOCPEACTBOM HEMOAUMHITUDYIONIETO TTPEACTABICHH,

@ MeTtog unmodifiableCollection{) (a faKke synchronizedCollection(} W check-
edCollection (), KOTOpPLI ByayT OGCYXAATLCH OANee) BozRpALLAET HAGOP, MeToa equals ()
KOTOPOro He BhIZbIBAET MeTod equals () 6a3osoro Habopa. BMecTo 3Toro OH Hachegyer
MeTof equals () OT knacca Object, KOTOPLIA NPOBEPAT, WABHTWYHE N 0BHeKTH, ECIN Bbi
npeobpazyete B NOA0BOHLIA HABOP MHOXECTBO WM CrIMCOK, TO He CMOXETe NPOBepATL pa-
BEHCTEO COAePXWUMOro. lpeactasneHne NeRCTBYET Tak NOTOMY, YTO NPOBERKa paBeHcTsa
He oripegeneda Ha AaHHOM YRoBHE nepamun. [Moaobbiv 0Gpasom Npeactasnedue nocTy-

naet ¢ MeTo/0M hashCode ().

3ameTere, 4TO unmodifiableSet () U unmodifiablelist{) HE CKPbIRAKDT METOA0B
equals (} WhashCode {) Hasosoro Habopa.

Cusnxponusuposannsie npedemasienus

Ecan e ofpamaerech K HaGOpy JAHHBIX M3 HECKOJIDKMX II0TOKOB, HEOOXOZAMO Tpn-
HATH MEPBI, YTOOBI HE MOBPEANTL HHdOopMaliul B Habope. 10 HEMHHYEMO LPOH3oiiaeT,
€CM, HALpHUMEP, OAMH TOTOK GYAyT HBITATBCH BKIKOYHTH SJ€MEHT B X>UFTADIUILY, a ApY-
TO¥ — NEPEreHepHpOBATD Ce.
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BumecTo TOro YTOGHI peaAH30BATH KAACCH! HABOPOB J3HHEIX, oBecreunsammux Geso-
nacHyio paboTy ¢ noTokamH, paspaloTdukd GHOMHOTEKH NPEAHOWIH HCNGIL3IOBATh A
BTOTO MEXAHUEM npecrapaenuii. HanpuMep, craruueckusi Mmeton synchronizedMap ()
kracca Collections MoxeT npeodpa3oBarhk 00VIO KAPTY B Map ¢ CHHXPOHH3HPOBAHHBE
MH METOJAMH JOCTYIA.

HashMap<String, Employee> hashMap = new
HashMap<String, Employeex();
Map<String, Employee-> map = Collections.synchronizedMap (hashMap) ;

Teneps Bal Moxkere OGpamaThCA K O0BEKTY MAP M3 PAIHYHEIX TOTOKOB. TakHe METOMbI,
Kakget {) wput (), cepyatuaoBaHbl KAKILI METOA ROLKEH NOJHOCTRIO 3aKOHIHTH CBOW)
paboTy mepey TeM, Kak ApYyroi IMOTOK CMOXKET BRIIBATE DOAOGHBIR METOA,

IIpu paspafoTike NporpaMmbl HEOOXOAHMMO CIEAUTE, MTOOL HH OJHH IOTOK He oGpa-
WATCA K CTPYKTYPE AAHHBIX MOCPEACTROM OOBIUHLIX HECHUHXPOHUBUPOBAHHLIX METOAOR.
Camniil mpocToit cmocod ofecneyrTh 3TO — HE COXPaHATh HY OXHGH CCBLIKH HAa Ha30BBIN
OOBEKT.

map = Collections.synchronizedMap (new
HashMap<String, Employeex>(});

SaMCTbTC, qTO HpeﬂCTaBﬂeHHH YOPABIAT JHIIb METOAAMH H(l@bpd dannsix. Ecu ser uc-
MOAB3yETe UTEPATOP, BaM IPUASTCH BPYYHYIO HOAYUATE GAOKHPOBEY 00BeKTa Habopa.

synchronized (map}

Iterator<S8trings iter = map.keySet () .itevatoxr();
while f{iter.hasNext{})

HopobHei Kox caefyeT MCIOAL3I0BATE, ECIH Bhi IpaMenseTe muxa “for each”, tag kag
B HKAE 3TOTO THIA HPHCYTCTBYET HTCPATOP. 3AMEThTE, YTO €CIH APYroi MoTOK MOoANGH-
TUPYET HAGOP JAHHBIX BO BPEeMA padoTol HTEPATOPA, TO UTEPATOP CICHEPUPYET MCKITe-
une ConcurrentMedificationException,

B peanpHOH paboTe CHEXPOHUIMPYIOIHE 0O0J0YKH HMEIOT OTDAHHICHHOE NPUMEHe-
aue. YRoGHee HCIoAb30BATh A4 3TOH wemu HabopPel, COACPKANMECH B HakeTe java.
util.concurrent (FONOAHMTEILAYIO MHDOPMANINO MOKHO HalTH B raase 1). B wacrHo-
CcTH, KapTa ConcurrentHashMap pealH3oBaHa Tak, YTO HECKOJLKO NIOTOKOB MOIYT 0o6pa-
WATHLCA K PAIHLIM AIEHKaM, He OI0KHDYA APYT APYTa,

IIpedemagrenusn c npoeeproit

B JDK 5.0 6bimi nobasnennt TPEACTABAEHE “C MPOBEPKOH”, IPeHasHAYECHHBIE B OCHOB-
HOM [7ig OTHAIKY ¥ peilenns npobaeM ¢ yHHBEPCanbHBIMK THIIAMY. Kak oTMeyaeTcs B T1aBe
13 Toma I, B npyHIMIE CYMECTBYET BOSMOMNHOCTE BKITIOYUTH B YHHBCPCATBHBI Ha00op JaHHbIX
BIAEMEHT HE ITOAXOMALIETO VIS Hero Tuiia, [1pumMep Takoro BRIIOMEHUS IIPHBEACH HIKE.

ArrayList<String> strings = new ArraylList<Strings();
Arraylist rawLigt = strings; // Oumfixa He pacCHO3HASTOH,

// BHBOOMTCH MM Opemynpexmawilee coofmesme. [lonobHoe

// nosepenre cfecreuMBasT COBMECTHMMOOTE ¢ MMEOWMMCH KOLOM.
rawList.add(new Date()}; // Teneps strings comepxur O00bekT Datel
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Omu6Gounsiii BE30B add () He pacnosHaeTcd Ha 3Talle BBITOTHEHHS MPOrPaMMbL
Hewnoyenne BO3HUKACT NO3XKE, KOMJA B APYrOd HacTH KOAA NPEANPUHIMASTCA NONLITKA
BRI3BaTE MeTOA get () M mpeoBpasoBaTs PE3YIBTAT K THITY String.

Hanayio ommbKy MOXKHO BRIABUTE C IOMOIMBIS NPEACTABACHHA C Iposepkoit. PaccMot-

PHM CAEAYIONIYIO CTPOKY KOAA:

List<String> safeStrings =
Collections.checkedList {strings, String.class);

Merox add () mpeiAcTaBacHHA OPOBEPACT, NPHHALTEKHAT T BKJIIO‘-IE[GM\I)II‘;I 0GBEKT YKa-
3AHHOMY KNACCY M, €CIM HPOBEPKA JA€T OTPULATENBHbIN PE3Y/IbTAT, CPASY JKe IeHepupyeT
uckmogeHne ClassCastException. IpeuMymectso Takoro nogxona B oM, 94T0 0mHGKA
BEISBIAETCA UMEHHO B TOU MO3MIIHMH, B KOTOPOI OHA POIHHKAET.

ArrayList rawList = safeStrings;
rawList.add (new Date{)); // Tenepupyerca McrnpdeHme ClassCastException

Mpeacragnedua ¢ NPEREPKOA OrpaHMHeRbl TeMW AeHCTBUAMK BO apemMA paloTsl nporpam-
Mbl, KOTOPbIE MOXET BbINOAHWTE BUPTYANbHAaA MalunHa, Hanpwwep, knacc ArrayList
<Pair<String>> HENb3A 3alMTUTL OT BKNICYHEHUS Pair<Dates, TaK KaK BUPTyankHas
MaLLIMHA BEACTBYET C EAMHCTBEHHLIM HN3KOYPOBHEBbLIM KNACCOM Pair.

Sameuanue ¢ onOAHUMEALHHX OREPONUAX

Hcnonpsopanite NpeCTaRAeHMH, KAK IPABUAO, CBA3AHO C OrPAHMYEHRAMY, T.€. Ipe-
CTaBIEHHE MOMKET UCTIONB30BATLCA TONBKO 1)1 YTEHHA, HO HE U1 M3MEHEHNA PasMepa WK
MOXKET IOACPHUBATD YALICHNE, HO HC BCTABKY, KAK, HaanMep, B Hpel[CTaBHEHI/IH oY e
w1 Kaprel. IIpy IOHNBITKE BBINOAHKUTL HEJOIYCTHMYIO OLIEPALlHIO IPEACTABICHUE [eHepH-
pyeT HckmoueHne UnsupportedOperationException,

B noxymenTaipm o API mpy onacanan Habopoe JaHHLIX B HTepdeiicos UrepaTopos MEO-
rue MeTobl OIPEAE/IAIOTCA KAK “NONOJHHNTEbHBIE onepaliiy” (optional operations). 3To Bbi-
CIAAAT KAK SBHOE HECOOTBCTCTBHC CAMOMY NIPHHLMNY HMHTepdeiicoB. Beap madnadeHue
uHTepdictica — OOHCATE MCTOABL, KOTOPBIE KAACC doaxcer peannsoparth. /lefcTBuTensHo,
JAY9IUHM penleHdeM ORUIo 6LI coaflaHHe painHYHBIX HHTepdpelicoR Jia IpeacTapieHuit,
[pPEeAHA3HAYEHHBIX TOJBKO JUIA YTEHHH M IPEACTARICHUH, HE IO3BOILIOMMY HM3MEHATH
pasmep HaGopa. OnHako NpH TAKOM HOAXOAE YUCHO HHTepdefcoB CYIEeCTBeHHO YBCANYH-
Jiock 6bl, NO3TOMY Pa3paBoTYky GUOINOTEKH MOCHUTAIN ET0 HETIPHEMIEMEIM.

CrenyeT i NPUMEHATE METOMHKY “NONOAHHTENBHBIX ONICPAII” B CBOMX COOCTBEHHDBIX HH-
Tepdeiicax? Her. Xors Haboph! ACHOMIYIOTCS JOCTATOYHO SACTO, CTIWIb INPOrpAMMUPOBAHNA
A1 MX PeTH3AIME HETHIMYEH 18 ADYTHX npofieMHbix obsacreit. Pazpaborunkam 6ubinore-
KA KJIACCOB, HPCACTARIAIONMX HaGOPhI JAHKLIX, TPUIINOCE HAKTH KOMUPOMHCCHBIC PEHICHAN
A YAOBNETBOPCHUS MEJAOTO PAAR JKECTKO NMPOTHBOPSYayX rpeGosamil. JeiicTpirensyo,
HOIL30BATENAM HYKHA GUEIHOTEKa, KOTOPadA 6bL1a BBl MPOCTA B M3YREHHH, YA00HA B HCIOML30-
BAHHM, YHHBCPCAILHA, 3AIHINEHA OT CIYyYAHHBIX OMHGOK, HO TaK e apeKTHBHA, KAK It cIIeu-
aJbHO CO3ZAHHEBIC H OTARKEHHEBIE ANrOPHTMEL. (JUEBH/IHO, UTO HEBO3MOMKHO AOCTHYH BCEX e
Jielf OIHOBPEMEHHO WM XOTst 651 MPROMHSHTEC K HEM. (OZHAKO [IPH PCINEHIH CBOVX BRIMMCIN
TEAbHBTX, 33719 BROTPaMMIICTY PEAKO NPHXOAMTCH CTAIKHBATLCA CO BCEM HAGOPOM CTO/Ib JKECTKHX
orpasideHinil. Yaite BCero yaaeTcsl HaHTH PelcHUE, IIPH KOTOPOM HeT HeOGXOANMOCTY MATH Ha
TAKKE KPALTHIe MePEI, KAk HCNOBL30BAHME “IONOMHUTEeMBHEIX onepam myrepdelicos.







