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B pa6ore mano onucanne CAEBeans Broker — aBromaru3upoBaHHO cu-
CTEMBbI PErMCTPAlLlMH, AHAIW3a W MPEJOCTABJIEHNsS PECYPCOB PacCIpeeseHHOM
BBIYUCIIUTENBHON cpenbl. [IpuBOIATCs JOTHYECKas CTPYKTYPa, apXUTEKTYDPa
ouepeneil u anropurMm muanuposanusi CAEBeans Broker. Onucansl acnekTsl
peanmu3anuu rpua-cepsuca CAEBeans Broker B konreiitnepe WSRFLite.
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This paper describes CAEBeans Broker — automated system for
registration, analysis and provision of resources of distributed computing
environment. The logical structure, the architecture of queues and scheduling
algorithm CAEBeans Broker are presented. Aspects of the implementation of
the Grid service CAEBeans Broker in container WSRFLite are described.
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BBenenue

B macrosiiiiee BpeMsi BaXKHYIO POJIb IIPU Pa3pabOTKe HOBBIX TEXHOJIOTHYECKUX JIMHUHA W IIPO-
HM3BOACTBEHHBIX TEXHOJIOTUH WIPAIOT KOMITBIOTEPHOE MOZEJWPOBAHWE W BUPTyaJbHbIE HCIIBITA-
TeJIbHBbIE CTEHJbI, 339aCTyI0 TpeOyolnee 3HAUYUTEIBHOIO KOJINYECTBA BEIYUCIUTEIbHBIX PECYPCOB
u BpeMeHH. B KauecTBe mpuMepa MOXKHO MPUBECTH KJIACCHYECKYIO 33/1a4y OOTeKaHUd IPOUs
KpbLJIa CAMOJIETA B a3DONWHAMUKE WJIM WCIOJIB30BAHKE B IIPOMBIIIIEHHOCTH CTEHIOB JJIs 3a1a-
4y oBaJHM3aIMu TPYO NpHW WX 3akajke W nocienyiomem oriycke [1]. Takoit mozxon mosBosser
CYIIECTBEHHO TOBBICUTH TOYHOCTb aHAJIN3a MPOEKTHBIX BADUAHTOB NPOAYKIMH, 3HAYUTEIBHO CO-
KPaTUTh CTOMMOCTH OIBITHO-KOHCTPYKTOPCKHUX PabOT U IPOBOAUTH BUPTYaAJIbHbIE S9KCIIEPUMEHTHI,
KOTOpbIe B PEAJIbHOCTH BBITIOJIHUTH HEBO3MOXKHO.

11 perieHusi TaHHOM TPOOJIEMBI TIPEJIaraeTcs UCI0JIb30BaTh IPOrPaMMHBIE CHCTEMBI KJIac-
ca CAE (Computer Aided Engineering), nossossioniue 3¢ dEKTUBHO OCYyIECTBIATE CyHePKOM-
ILIOTEPHOE MOMETUPOBAHNE CJIOXKHBIX TEXHOJOTMYECKUX IIPOLIECCOB, 3 TAKKe BBIYUCIUTEIbHBIE
pecypchl Tpu.

B kadecTBe MEpPCIEKTUBHOTO TOAXOMa K PEIIEHUI0 33439 C IIOMOIIbI0 HHXKCHEDHBIX IIa-
KETOB B PACIPEIETEHHBIX BBIYMCIUTEIbHBIX CPElaxX IPeAJaraeTcs WCIOIb30BATh TEXHOJOTHIO
CAEBeans [2,3]. B ee ocHoBe siexkur obecrnedeHre CepBUCHO-OPHEHTUPOBAHHOIO IPEIOCTaBJIe-
HHUS IIPOrPAMMHBIX pecypcoB 6a3oBbix KoMmmnoHeHTOB CAE-cucrem m dopMmupoBaHue nepeBbeB
poBJIeMHO-OPUEHTHPOBAHHBIX 000JI0UEK, WHKAICYIUPYIOUUX IPOIeAypy IOCTAaHOBKHM M pellle-
HHUs KOHKPETHOro Kjiacca 3aad. Texunosorus CAEBeans aBromaru3upyer: JeKOMIO3UIMIO 3314
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Ha THUIOBbIE IOA3aJa4M; MOWCK BLIYHCJIATENBHBIX PECYPCOB; IIOCTAHOBKY 3a4a4 COOTBETCTBYIO-
mmM 6a3oBbiM KommoHenTaM CAE-cucreM; MOHUTOPHHT XO[a DEIIeHHs 33/34; IPeJoCTaB/IeHue
PEe3y/IbTaTOB PEIIeHus 33/[a4l T0JIb30BATEIIO.

Cucrema CAEBeans npeacrapiisier cob0ff COBOKYIMTHOCTH IPOIPDAMMHBIX CPEJCTB, JAHHBLIX U
aIIapaTHBIX PECYyPCOB, OPHEHTUPOBaHHBIX Ha mouepxkKy rexaojorun CAEBeans. CAEBeans
Broker — ogus u3 koMmmoHeHToB, Bxogamux B cucreMmy CAEBeans. Bpokep pecypcos mpezcras-
JIgeT coboil aBTOMATU3UPOBAHHYIO CHCTEMY DPErHCTPAIliM, aHAJIN33 U IIPEJIOCTaBJIEHUS PECypCcoB
pacCIpeeeHHOM BEIYUCIUTETbHON CPeBI.

I'pun ob6beauHsieT Pa3sHOPOIHbIE BHIYUCIUTENHHBIE PECYDCHI, UCIOJb3YeT OTJIUYHbIE JAPYT OT
JIpyTa CTpaTeruu JocTyna K HuM. HaydHble, HH)KeHEpHBIE U KOMMepYeCKHe 3a/a49H, PeIIatoiiie-
Csl IOCPEJCTBOM T'PHJI, TIPEIbABJSIOT K CUCTEME Da3JudHble TpeOoBaHusA. BrrauciauresbHbie pe-
CypPChI OOBIMHO MPUHAJIIEXKAT HECKOJBKUM OPraHU3AIMAM, UMEIOIIIM CBOH IIPaBUJIa yIPaBJIEHUS
pecypcaMu, UCHOJIb30BaHUs W ONPEJEIeHNsI CTONMOCTH HX JJIs Hosb3oBaTeseit. JlocTrynHocTs u
3arpy»KeHHOCTb PECYPCOB TaKKe MOIYT AUHAMWYECKU U3MEHATHCA BO BPEMEHMU.

B cooTBercBHE C 3TMM aKTyaJbHOH Mpobjemoit sBisercss pa3paboTKa CHUCTEM YNPaBJICHUS
pecypcaMu Ipu/l, HalleJeHHbIX Ha 3 PEKTUBHOE pellleHre 33134 U PalioHaIbHOE UCIIOJIb30BaHUE
PeCcypCcoB B COOTBETCTBHY C BEIODAHHBIM JITOPUTMOM INIAHUPOBAHUS PECYPCOB B PACIIPE/IIEHHbBIX
BBIYNCIUTEIHHBIX CPEJIax.

B pabore [4] paccmaTpuBatoTCst TaKeTHbIE U IIaHUPYomue cucTeMbl. K nanbosnee n3BecTHHIM
cucremam otaocurcst Condor [5]. Condor — 310 maker mporpaMM Jijis BEIIOJHEHKS TTAKeTHBIX 3a-
nanuit #Ha miardopmax UNIX. I'maBubimu ocobernoctsimu Condor aBIgioTCS aBTOMATHYECKOE
HAXOXKJEHHE PECypPCOB, pacipe/iesienne paboT, YCTAHOBKA KOHTDOJBHBIX TOYEK M MHUIDalus IIPO-
IIECCOB.

B nepenocumoii cucreme PBS (Portable Batch System) [6] peanu3oBana makeTHas OpraHu-
3amys odepeau 3aJaHuil U ynpapieHnus pabouell HArpy3Koi, IepBOHAYAJIBLHO pa3paboTaHHasA /s
NASA. IInanuposmuk 3ananuii PBS mossoisier JT0KaabHBIM y3/1aM YCTaHABJIUBATL UX COOCTBEH-
HYyIO JUCHUILIMHY ILIAHUPOBaHUs BO BpeMeHU ¥ mpocrpascrse. PBS aganTupoBan K pasiwaHbIM
BapHaHTaM HOJIMTUKHA aJMUHUCTPUPOBAHUS M ODECIIEUNBAET PACIIUPIEMYIO ayTeHTH(DUKAIUIO U
MOJIeJIb 3AIMThI, PErUCTPAIA 3aJaHNii, OTCIEKUBAHNE UX BBLIIOJHEHNS U APYyTHe aJMUHHCTPa-
TUBHBbIE (PYHKIMI OCYLIECTBJIAIOTCS IOCPEICTBOM rpadudeckoro narepdeiica.

ITnardopma Sun Grid Engine (SGE) [7] ocHoBana Ha mporpamMMHOM obecriedeHHH, pa3pa-
6orarroMm dupmoii Genias, uzsectoom kak Codine/GRM. B SGE 3anannsa HaxomaTcsa B 30He
OXKMaHNS, a OUYepeay Ha cepBepax 00eCedMBaioT CepBUCH! Jyis 3atanuii. [lorpeburens BBOIUT
sananne B SGE u o6basiager npoduib HeobXomauMbix Tpebosanumit fuisi ero BoinosHenus. SGE
oIpeJesisieT 3a/IaHUI0 COOTBETCTBYIOILYIO O4Yepelb U paclpenessdeT ero Jubo ¢ BBICHIMM IIPHO-
puTeTOM, JIMOO C CaMbIM [JIMHHBIM BpeMEHeM OXKHJAHUsA, IpoOys 3aIyCKaTb HOBbIE 3aJaHWs Ha
HauboJiee COOTBETCTBYIONIEH WM HauMeHee 3arPDy>KEeHHOI O4epeju.

Cpencrso pacupenenenus narpysku LSF (Load Sharing Facility) [8] — aTo komMmepueckas
cucrema or Platform Computing Corp. B macrositiee Bpemsi siBsieTcss HamboJsiee IIMPOKO HC-
HOJIb3YeMOil KOMMEPYECKON CHCTeMOM [ijisl ylpaBjieHus BulmojaHeHueM 3ajanuit. LSF skmogaer
pacIpeie/IeHHbI MeXaHU3M Da3fieJieHnst Harpy3KH U IPOTPaMMHOe obeclieueHue JJjisd OpraHu3a-
AU ouepejiell 3aaHuil, KOTOPOE YIPABJIAET, KOHTPOJIUPYET ¥ AHAJIU3UPYET PeCypChl U pabouue
HArpPy3KH Ha CETH PA3HOPOJIHBIX KOMIIBIOTEDOB, MMesl IIPU 3TOM BO3MOKHOCTH 0DeCIedeHus OT-
Ka30yCTOUYUBOCTH.

MHorue cucreMs! ynpasieHns pecypcamu rpun (mampumep, Legion [9], Condor [5], AppLeS
PST [10], NetSolve [11], PUNCH [12], XtremWeb [13] u T.1.) HCIOIB3YIOT MTPOCTBIE CXEMbI PAC-
IpeJie/IeHus, KOT/a KOMIIOHEHT, OTBEYAIOIINI 38 PACIpeeeHne, PelaeT, KaKue 3a1a49 JOJIKHbI
OBITh BBIIOJHEHBI HA, KAKOM PECypCe, UCITOIb3ys MDYHKIMU CTOUMOCTH, 3aJaBaeMble CHCTEMHBIMU
napaMeTpamu. L[e/bI0 TaKMX CHCTEM PACIpENeJIeHus sIBJISIeTCsl yBeJIdeHre IIPOIyCKHOH croco0-
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HOCTH CHUCTEMBI, €€ 3arPYKEHHOCTH W YMEHBITIEHHs] BDEMEHHU BBINIOJIHEHN 3334, 8 He yBEIUIeHNE
PeHTabebHOCTH PECYPCOB M IPHJIOKEHUIA.

B paGore [14] npeiokeHo nCoap30BaHue SKOHOMUYECKOTO MOAX0/a K IJIAHUPOBAHUIO U Pac-
IpeJeJIEHUIO0 PECYPCOB, KOT/Ia PEIIeHNs O PACIPEIeIeHIN PECYyPCOB IPOU3BOAATCS JUHAMAYECKH 1
3aBHCAT OT TEKYIUX TpeboBaHuil mosmb3osaTeneit. [logxox peammsosan B cucreme GRACE [15]).
OTO — pBIHOYHASI MOJEJb PACIpeNeeHns] PeCypcoB, KOTJa IeHa KarKJO0TO Pecypca OIpeleis-
eTcs MOTPEOHOCTSIMEM B HEM I0JIb30BaTejiell W ero JOCTYIMHOCThIO. Takum obpa3oM, B cHCTEMeE
I'PHJ, TI0JIb30BATEIh KOHKYPUPYeT C IPYTUMH 0JIb30BATENSIMU W BJI3JIeJIel] pecypca — C Jpyru-
MU BJIQIEILIAMHA PECYPCOB. DKOHOMUYECKUH MMOJXO0/ TIO3BOJISIET YCIEITHO yIPaBJIATh JEHeHTpa-
JIN30BaHHBIMU M I'E€TEPOreHHBIMU PECyPCaMHU TaK, KaK 9TO MPOUCXOIUT B PEaJbHON SKOHOMUKE.
OKOHOMMYECKHE CHCTEMBI YIIPABJIEHUs] PECYPCAMU TPHUJ JUHAMUYECKH ONPEeHessioT HauIydIIne
PecypcChl, yIUTHIBas UX I[EHY ¥ IIPOU3BOAUTEIBHOCTD, U PACIPeNeNIAIoT 3a0a49i Ha 9THX pecypcax
TaK, 9T00BI YIOBJIETBOPUTH TOTPEOHOCTH I0JIb30BATEIEH.

Onnako ucnosbsoBanue B cucreMe CAEBeans BrolmenepeyncieHHBIX OPOKEPOB PeCypCOB H
IJTAaHUPOBIIUKOB SIBJISIETCS HEBO3MOXKHBIM, IIOCKOJIBKY OHM PabOTaIOT Ha 60JIee HI3KOM CUCTEMHOM
yposae, yeM komroHeHT CAEBeans Broker. Kpome Toro, Hu onHa M3 paHee CO3JaHHBIX CUCTEM
yIpaBJieHns pecypcamu He ynosjersopser cnenuduke cucrembl CAEBeans [16], B pamMkax KoTo-
poii HEOOXOAMMO YIUTHIBATH HE TOJIHKO XaPAKTEPUCTUKH PECYPCOB, HO ¥ HAJIUYIHME YCTAHOBJIEHHBIX
MHKEHEPHBIX IIAKEeTOB, KOJUYECTBO JOCTYIHbIX JUIEH3UN Ha HUX U JP.

B macrosmell cTraThbe pPaCCMOTPEHBI APXUTEKTYpa M AaCIeKTHl pean3allliyd KOMIIOHEHTa,
CAEBeans Broker. CraTbs opranusoBaHa cienyromnuMm obpasoM. B paszene 1 mpusoguTcsa onu-
caHUe JIOTUIeCKOil CTPYKTYPbl, apXUTEKTyphl odepeneit u ajropurma miaxnuposanus CAEBeans
Broker. B paszene 2 obcyxgaerca peanusanus rpuia-cepsuca CAEBeans Broker B konreiinepe
WSRFLite. B 3akatouennu CyMMUPYIOTCS OCHOBHBIE Pe3YJIBTATHI, IOJIYy9YeHHBIE B JAHHOHA CTaThe.

1. CAEBeans Broker

CAEBeans Broker — sto kommonent cucrembl CAEBeans, KoTopelit npuHUMaeT 3aJaHUA OT
II0JIL30BATEIsI, COTJIACOBBIBAET TPEOOBAHMSA K PECYDPCAM U HAIIPAB/IAET 3aJaHUs Ha IOAXOMAIIHA
BBIYMCIUTEILHBINA 3/1eMeHT. MOXKHO BBIJEIUTH CJIEeIyIONne OCHOBHBIE 337ja4 OpoKepa pecypCoB:
06paboTKa KaTajiora pecypcoB I'PUI-CPE/bl; aHAIN3 3aIPOCOB Ha IIPEJOCTaBJIEHHUE PeCypCoB, IO-
crynatonux or Komrnonentueix CAEBean; c6op u npegocrasienue nHMOpMaIyy 00 aKTyaaIbHOM
COCTOSTHUW TPUJI-CPEJBI.

Peammzamua CAEBeans Broker mpomsBoguTcst Ha si3blKe MPOrPAMMHUPOBAaHUSA Java B BHJE
rpug-cepsuca Ha ocHoBe Web Services Resource Framework (WSRF), cnenudukanuit, qonoss-
IOIUX CTAaHAApPTHI Web-Ciiy>k6 U IO3BOJISIONMX YCTaHABIUBATH CBA3b Mexay Web-cioy:xxbamu u
pecypcamu (WS-Resource, WS-ResourceProperties, WS-ResourceLifetime, WS-BaseFaults, WS-
ServiceGroup, WS-Notification). Janubiii noxxo/ obecriednBaeT HE3aBUCUMOCTb KOMIIOHEHTa OT
BBIYNCJIATEJIBHON I1aT(OPMBI, IPENOCTABIEHNE TTOJTHON MHAMOPMAIUY O TEKYIEM COCTOAHUHA K-
3eMILISPa CEPBUCA, & TAKXKE MOJIEPKUBAELT BO3MOKHOCTD HaJe?KHOT'0 ¥ 6€30I1aCHOT0 UCIIOJIHEHUS,
yIIpaBJIEHWE BPEMEHEM >KW3HU; PACCHLIKY YBEJOMJIEHHN 00 M3MEHEHHM COCTOSHMSA SK3EMILISAPA
cepBuCa, YIPaBJIEHUE MMOJUTUKON JOCTYIa K PecypcaM, yIpaBjieHue cepTuduKaTaMu JOCTyHa U
BUPTYAIH3AIUHA.

1.1. Jloruueckas crpykrypa CAEBeans Broker

O6masga crpykrypa 6pokepa pecypcoB CAEBeans Broker npusenena ma puc. 1. IIporpamm-
HBI{l KOMIIOHEHT IIPEJICTABJISAET COOON I'PUJ-CEPBUC, NPEIOCTABISIONHN nHTepdeiic yIpaB/IeHusa
pecypcaMu, COIEPKAIIMMUCS B KATAJIOTe PECYPCOB.

B npomnecce paboTbl 6pokepa moucK TpeOyeMbIX PECYPCOB BBIIOJIHAETCA JJis HECKOJbKUX 3a-
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nanuit omHopemenHo. Ilpu crapre komnonenTa CAEBeans Broker mpoussomuTca perucrpaius
Ha OIpee/IeHHOM TOpTe T'PUJ-CepBHUCa, K KOTopoMmy mpu momormu mporokosa SOAP 1.2 obpa-
maercs komroneHT CAEBeans Server mjsa moumcka momxoasmumx pecypcos. OmmcaHue MeTo0B
rpuz-cepsuca CAEBeans Broker, a Tak:ke npoTokosa B3aumozeiicrsust kommnonenTos CAEBeans
Server u CAEBeans Broker npusomutcs B paborax [17,18].

Kowr eitvep WWORFLite
Virepdeic
PHa-CEpBICa
Brokedmpl
Hrgit i
servcesbokerfvay
WSDY CuerviCuensi
CAEBeans SOAD e
Serer - Desyoy

Puc. 1. CtpykTypa O6poKepa pecypcoB

1.2. AaropuTM mjaHMpPOBaHUSA Opokepa pecypcoB

AnropurM nutanupoBaHus 6POKEpa PECYPCOB OCHOBBIBAETCS Ha 0YePEIAX K BHIYUC/IUTEIbHBIM
pecypcaM, apXUTeKTypa KOTOPBIX onmcaHa B pabore [18], u moHATHN (U3MIECKOTO U BUPTYaJIb-
HOT'O PECYPCOB.

ITpu zamycke rpua-cepsuc CAEBeans Broker omepupyer momaTneM (bU3MYECKOro pecypca.
IMox dbu3nyecKuM PecypcoM WJIH I1eJI€BOH CHCTEMOM MOHMMAETCH COBOKYIIHOCTH aIllapaTHBIX pe-
CYPCOB BBIYUCJINTEJILHON CHCTEMBI, OIIEPAIMOHHON CHCTEMBI, HHXKCHEPHBIX ITAKETOB ¥ CHCTEMHBIX
CAEBean, KoTopble HI'PAIOT POJIb TPUI-060JI09€K Ha/| HHXKeHepHbIME nakeTaMmu. Ha menesoit cu-
CTeMe B KaueCcTBe ITPOIPAMMHOIO obecredeHust IPOMeKyTOoYHOro cJiosi ycraHoBneH Unicore 6.0.
Bea undopmalys 0 1eJIeBbIX CHCTeMaX, JUIEH3UAX U 33JaHUdIX XPaHUTCA B KaTaJore pecypcos,
KOTOPBI TIpescTaBisger coboil 6a3y JaHHBIX.

BupTyaabHbIH PeCype — 3TO YacTh (PU3UUECKOTO Pecypca, KOTOpas IMeeT COOCTBEHHYIO Ode-
penb 3amanuil. B KaxK Iblii MOMEHT BpeMeHU Ha BUPTYaJIbHOM PeCypCe BBIIOJHSAETCS TOJIbKO OIHO
3aJaHre. DTO CYIIECTBEHHO 00JerdaeT MpOIecC YIPaBIeHU: PeCypPCaMu.

IMocrymaronme k CAEBeans Broker 3amanua moMemaroTcsa BO BXOJHYK OYepeip —
inputQueue. O6paboOTKy 3aaHuil OCYIIECTBIISET OJHA U3 MOACHCTEM ODpOKepa pecypCoB - IIAHHU-
poBIIHK. IITaHUPOBIIUK PeCypPCOB B IIWKJIE W3BJIEKAET 3a/aHNs U3 ouepenu inputQueue, HAXOIUT
noaxonanmii pusndeckuit pecypc, GopMupyeT U3 Hero BUPTYaJIBHBIA pecypc IyTeM BblJEJIEeHUs
(bU3MIECKHUX y3/I0B, KOJMYIECTBO KOTODPBHIX ONpPEZE/sSeTcs TpebOBaHHAME 3aJaHusd. Tem cambiM
OCYIIECTB/IsIETCS TIePBOHAYaIbHOE pacupeseeHne (pU3NIeCKUX PecypcoB Ha BUPTyasbHbIe. Jlis
KasKJIOTO BUPTYaJILHOTO PECypCa CO37aeTcsi CBOst ouepeb 3aaanuil. COBOKYIHOCTB BCEX Odepeei
K BUPTyaJbHBIM pecypcam o0o3HauuM virtualQueuve. IIpomecc co3anusa BUPTyaJbHBIX PECYPCOB
IPOJIOJIKAETCs 10 TeX TOP, TOKa He 3aKOHYATCs CBoOoAHbIe dusndeckue pecypcel. [locnenyrompue
331aHKd U3 odepenn inputQueue OYIyT CTABUTHCH IJIAHUPOBIIUKOM B OY€PEIH K yKe CO3MaHHbIM
BUPTYyaJIbHBIM PeCypCaM: IJIAHUPOBIIMK HAXOAWUT BCe BUPTYyaJsbHbIE PECYDCHI, YIOBJIETBOPSIIOLIE
TpebOBaHUAM 33/IaHUsI, CTABUAT 33/laHKE K KaKJIOMY U3 HHX B O4epelb.

IIpu obpaboTke 3a/aHuil MJIAHUPOBIIUMKOM BO3MOXKHA CHUTYalldsd, KOIZa 3a/laHue He MOXKeT
OBITH PElIeHo ITOCPEACTBOM UMEIOIIMXCS BUPTYAJIbHBIX PECYPCOB, HO 00beIMHEHNE BHIYUCIUTEI b
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HBIX BO3MOKHOCTEH HECKOJIBKMX BUPTYAJIbHBIX PECYPCOB, HAXOAAIUXCs Ha Oaze omHOro Qpusude-
CKOT'0 Pecypca, MO3BOJIUT 0DECIednTh pellieHre JAaHHOTO 33JaHud. B JaHHOM Ciydae IJIaHupOB-
MK ONpEIeJUT 3ajaHnue B odepenb waitQueve. Ha puc. 2 mpusenensl ouepe iy K BHIYUCIATE b
HBIM pecypcaM.

virtualQueue
(1 Q.
L[ 1 [Jalde
Q
D /2 =

inputQueue

ngIJaHl)

pecypc 2

MnaHupoBuKK
<z

Karanor
pecypcos

e -
waitQueue g % §_
A
Bpokep pecypcos

Puc. 2. Oyepenu K BBIYACIUTENHHBIM PECypcam

Kpome TOro, miaHupOBIIMK OCYIIECTBJISIET IOHCK IOAMHOXKECTBa BHPTYyaJbHBIX PECypCOB,
KOTOpble B OObEIWHEHUU AT OJWH OOJIBINON pecypec [isi pelleHus 33JaHud. Jlannaa 3azada
ABJIIeTCs 00PATHOM K M3BECTHOM <3aJade 0 PIOK3ake>. Bejgerca MOUCK ONTUMAJILHOTO BapUaHTA:
Tpebyercss 0TOOpaTh HEKOTOPOE IIOJMHOXKECTBO BHPTYaJIbHBIX PECYpPCOB C MUHMMAJIbHBIM CyM-
MapHBIM YHCJIOM Y3JIOB, JOCTATOYHBIM [JIs PeleHus 3aJanus. VIcKoMoe oJMHOXKECTBO JOJIXKHO
YIOBJIETBOPSTH BCeM TPeOOBAaHUAM 33JaHusI, BKJII0OYas nporpaMMHusle. [locie HaxoxX 1eHus Takoro
[IOZIMHOXKECTBa, TPOM3BOAUTCA MAPKUPOBKa BCEX BUPTYaJbHBIX PECYypCOB, Bxoasmux B Hero. IIpu
najbHeilmei 06paboTKe MIaHWPOBIIMKOM 3aJaHuil u3 odepeau inputQueve pacrupenesneHue OygeT
IPOBOJMTHLCA TI0 BCEM PeCypcaM, KpoMe MapKUPOBaHHbBIX. [Ipu mosiBIeHnN Creyoniero <60/IbIo-
ro> 3aJaHis HOBOI MapKHPOBKH ITPOM3BOJUTHLCs HE Oyzer, 4ToObI NPeIOTBPATUTEL OJOKMPOBKY
pecypcos. [L1aHUPOBIIUK OTPAHMYUTCH MOMEIEHHEM 33aHusl B ouepenb waitQueue.

Takum 06pa3oM, MOCIE OKOHYAHUS BBIUMCIEHUI HA BCeX MApPKUPOBAHHBIX BUPTYAJIbHBIX Pe-
Cypcax MOXKHO NPOM3BECTH o0benuHenue. [LIaHUPOBIIMK U3BJIEKAET U3 Oodepenu waitQueue 3a-
NaHWd W PACIPEeNisieT UX 3aHOBO 10 BUPTYaJIbHBIM PecypcaM, BKJIIOYas 33JaHne, JJid KOTOPOro
BBIIIOJTHEHO obbeauHenue. Ecau ouepens waitQueue CONepXKuT 3aj1auusi, Tpedyiolue HOBOro 00b-
eIMHEHUs PECYPCOB, TO MPOU3BOJUTCS HOBBII MpoIlecc MapKUpoBKH. 1Ipu a3TOM 33/jaHKE OCTaeTCs
B ouepeau oxuganus. IIpoitecc mepepacupeesieHus pecypcoB ¢ IOMOIIBIO MEXaHU3Ma, MapPKUPOB-
K1 HOCUT JUHAMWYECKUN XapakTep.

Ecim Bcex dusmueckux pecypcos, umeromuxcs B Hasmuue y CAEBeans Broker, me mocra-
TOYHO I BBIIOJIHEHHS HEKOTOporo 3aganus, To kommnonenty CAEBeans Server ornpasnigerca
COOTBETCTBYIOIIAsA MHMOPMAIIHSI.

2. Peanuzanusa odepeqeii 6pokepa pecypcoB

B MHOIOIPOIIECCOPHBIX CHCTEMAaX YAaCTO BO3HUKAET IPODJIEMA, CBA3aHHASA C BOSHUKHOBEHHEM
0s10KkMpoBOK. [IpogBisieTcs OHA B CHTyaIuy, KOIJa IapaJileIbHble IIOTOKM KOHKYPHUPYIOT 3a& [10-
CTYII K HEKOTOPOMY CHHXPOHM3MPOBAHHOMY pecypcy. Eciu mocTyn K pecypCy peaau3oBaH ¢ TOMO-
IO OOBIYHOHN B3aMMOMCKJIIOYAIONEH 6J10KupoBKU (mutex), TO JOCTYN K HEMY IOTy4aeT TOJILKO
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OJIMH HOTOK, & OCTaJIbHbIE XKJYT CBOEH ouepeau. Eciu TakuX IOTOKOB HECKOJIBKO, TO CyMMapHOe
BpeMs OXKHUJAHUS BCEX MOTOKOB MOXET CYIECTBEHHO IIPEBBICUTH BPeMs, KOTOpPOe TpebyeTcs Ha
HEIIOCPEACTBEHHOE BBHIMIOIHEHNE PAbOTHI.

PemmuTs mpobeMy MOXKHO OTKa3aBIIUCh OT MCIOJIb30BaHUS OI0KHPOBOK. JacTo B posnu 00-
IIero pecypca sIBJIsIeTCs HEKOTOpasi KOJIIeKIws. TpaJunuoHHBIN IOAXOM 3aK/II0YaeTCs B TOM,
YTO KOJUIEKIHS 000padMBaeTCs B CHHXPOHU3WPYIOIIYI0 00EPTKY, HAIpHUMep, C IOMOUIBIO MeTOo-
na Collections.synchronizedCollection(). 9To o3nadaer, 4To 150060# JOCTYN K 3TOH KOJIEKIMA
ABTOMATHYECKH yCTAHABIMBAET OJOKHPOBKY, & CJIEJ0BATEJbHO, IOPOXK/JaeT BOSHUKHOBEeHHE 6J10-
KUPOBKH.

B Java 5 ObLI CyIIEeCTBEHHO pacHIMpeH HabOp MHCTPYMEHTOB IS Pa3pabOTKH IapaJlleiib-
HBIX TIPUJIOXKEHWI 3a CYeT CTaHJAPTHBIX KJIaccoB makera java.util.concurrent. Hampumep, ecthb
crerMaJIbHbIEe TapaJiiesbHble PasHOBUAHOCTH cTaHmaprHbix kojuteknuit JCF, xoropsie He Tpe-
6yioT GJIOKMPOBOK, YTO NO3BOJIsieT B OOJIBIIMHCTBE CIydaeB M30e:KaTb WX BOSHUKHOBEHUSI DU
OJJHOBPEMEHHOM OODAIeHNU K HUM U3 HECKOJIBLKUX IOTOKOB [19].

Jlna peanusanuu odepezeit inputQueue, waitQueue u odepenell K BUPTyaJbHBIM pecypcam
virtual Queue ucronb3yerca oubmmoreka Kaaccos java.util.concurrent.ConcurrentLinkedQueue, B
KOTOpO# ecTh peasm3arusi wHTEpdeiica java.util.Queue, obecmednBaromas BO3ZMOXKHOCTb OJ[HO-
BPEMEHHOT0 J00aBJIEHUsI ¥ W3BJICUEHUsS] SJIEMEHTOB HECKOJBKHM IIOTOKaM 0e3 HeoOXOJuMOCTH
HCIIOIb30BaTh OJOKUPOBKHU. IlomobHas CTPYKTypa JAaHHBIX JJisd OpraHU3alUK O4Yepeay 3aJaHui
HAWIydIuM 00pa3oM MOAXOMUT JJisi BXOJHON O4Yepeay IJIAHWPOBIIKKA, B KOTOPYIO MOTYT C OJ-
HOII CTOpPOHBI JNOGABIATHCS 33JaHUs MHOTMMHU IIOTOKAMH, a C APYTOoil — TaKXKe HM3BJIEKAThCA U
06pabaThIBATHCST MHOTYMY TTIOTOKAMH IIYJIa.

2.1. Mogenu opranmn3anuy MOTOYHOI 00paboTKu

PaboTa MHOI'MX CEpBEpPHBIX IPUJIOKEHUH CBSI3aHA C BHITIOJTHEHUEM OOIBHIONO KOJIMYECTBa, KO-
POTKHX 33Jia4, MOCTYNAIOMUX OT KAKOro-Iubo yAaJeHHOr0 NCTOYHHUKA. 3aIpoC HOCTYHaeT Ha Cep-
Bep TIOCPEACTBOM CETEBBIX MPOTOKOJIOB, Yepe3 odepens JMS, myrem ompoca 6a3bl JaHHBIX W JIP.
YacTo BOZHUKAET CUTyalusl, KOTa 00paboTKa OT/esIbHOM 33/1a4i KPAaTKOBPEMEHHA, & KOJIMIECTBO
3aIIPOCOB BEJIUKO.

Onnoit u3 HauboJIee IPOCTBIX MOJEJIE ABJISIETCSl CO3/IaHNe HOBOTO IOTOKA JJId KaxKJIOro IIo-
CTYTIMBILErO Ha cepBep 3anpoca. JJaHHbIH I0AX0] HOCUT Ha3BaHUe <IIOTOK-Ha-3aIIPOC> U MOAXOUT
J7Ia pa3pabOTKK MPOTOTUIA CepBepHOro mpuioxkenus. OJHAKO OH MMeeT 3HAYMTEIbHBIE HEJIO-
CTATKH, HanboJIee 3HAYMMBIM M3 KOTOPBIX SIBJISIETCS TO, YTO CUCTEMHBIE U3JIePKKH 10 CO3JaHUIO
U yIAJEeHUI0 HOBOTO TIOTOKA JJisl KazKJI0r0 3aIIpOCca MEPEKPHIBAIOT II0 BpEMEeHH HeNOCPEICTBEHHY O
06paboTKy 3ampocoB.

B nonosHeHne K u37iepKKaM CO3JaHus U Pa3pyIIEHUs IIOTOKOB aKTUBHBIE IIOTOKH IIOTPeDJIs-
10T cucTeMHuble pecypchl. Co3aHre CIMIIKOM GOJIBIIOrO KOJIMYEeCTBa MOTOKOB B ogHO# JVM Mo-
JKeT TIPUBECTU K HEXBATKE CHCTEMHON MaMSTH WY 3aMeJIEHUIO U3-33 YPe3MEePHOro NoTpeb/IeHus
namaTa. Clie0BaTe/bHO, CEPBEPHBIM MPUJIOXKEHUSAM HEOOXOAUMBI OrpaHHYeHHs Ha KOJIMIECTBO
3aIPOCOB, 06pabaTHIBAEMbIX B 33/IAaHHOE BPEMSI.

Permenne mpob/ieMbl U3IEPKEK KU3HEHHOTO [IUKJIa IIOTOKA MIPEJIIoIaraeT UCI0Ib30BaHNE 10~
TOKa IyJI0B. IIpr MHOTOKPATHOM WCIIOJB30BAHUYU IOTOKOB M3JEPKKHU IO MX CO3JaHUI0 Pacupesie-
JISTIOTCS Ha HECKOJILKO 3aJad, yCTPaHSAeTCs 3a/IePKKa 110 BPEMEHH, KOTopas paHee Oblia Heobxo-
nUMa IJI CO3LaHus IOTOKa. Takum obpa3om, 3ampoc obpabaThiBaeTcs HeMEIJIEHHO, 3TO JeJIaeT
npunoxenue 6osee acbdexkruBHbM. [IpaBuIbHO HACTPOUB KOJIWYECTBO NOTOKOB B IIyJi€ TIOTOKOB,
MOKHO IIPeIOTBPATUTH MPOOYKCOBKY PECYPCOB, 3aCTaBUB JIIOObIE 3aIIPOCHI, €CIU MX KOJTMIECTBO
BBIXOJUT 3a ONpEAeJEHHBIE MPEIesibl, XKAaTh [0 TeX IOp, IOKa IIOTOK He CTaHeT IOCTYIIHBIM,
4T06BI ero obpaborars [20].
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Ilyne! IOTOKA — HE €MHCTBEHHBIN CIT0CO0 WCIOB30BATH MHOXKECTBEHHBIE IIOTOKH B CEPBEPHOM
‘npuioxenaun. VHOTIa J0BOJBHO Pa3yMHO T'€HEPUPOBATH HOBBIN IOTOK I KaXK/10# HOBOM 3a1a-
yn. OpHAKO, eCM 9acToTa CO3JAHUS 33739 BBICOKA, 8 WX CPEJHAs NPOJOJIKHATEJbHOCTh HU3KA,
MIOPOXKIEHKME HOBOTO IMOTOKA Jid KaxKJO0N 3a/a4i HMpHUBEAET K IpobsieMaM C IPOU3BOJUTEIHHO-
CThIO.

Jlpyrasi pacnpocTpaHeHHas MOJEIh OPraHU3aIMU MOTOYHON 00pabOTKM — HaJIW4He €JUHOTO
dOHOBOr0O MOTOKA M OYepenu 3aJad Jjid 3aaa4d ompexaenernoro tuna. Habop mECTpyMeHTasb-
HBIX cpenctB ayisa abcrpakTHbiXx okoH AWT um Swing mcrmonp3yioT 3Ty Mozesb, B KOTOPO# eCcTh
cnenuaabHeli moToK cobwiTuit GUI, BeimosHsifONMiT paboTy 1O M3MEHEHUIO I0JIb30BATE/IHCKOIO
unrepdeiica. OQHAKO, TIOCKOJIBKY CymecTByeT ToabKO o AWT-1oTok, HexkeaTe bHO BBIIOJ-
HATH 3302494 B HEM. DTO 03HAYAET, YTO B IPUIOKEHUSIX Swing 4acTo TpeOyIOTCS NOIOTHUTEIbHbIC
HOTOKHM <HUCIIOJIHATEJIS> JJIs PelIeHrs T0JITOCPOYHBIX, CBA3aHHBIX C II0JIb30BaTEIbCKIM HHTEP-
deiicom 3a7a4.

IMoaxoabl <IOTOK-HA-3a7a49y> U <€AUHBIN (DOHOBBIA OTOK> MOIYT JOBOJIHHO XOPOIIO (DyHK-
IMOHMPOBATL B ONPEJEEHHBIX cuTyarnusx. Hampumep, moaxo/; <I0TOK-Ha-3a4ady> XOPOIIO pa-
6oraeT ¢ HEOOIBIINM KOJUYECTBOM IOJIIOCPOYHBIX 3a1ad. [lojxoj <eauHblit (POHOBBIN IOTOK>
dysrnmonupyer 3pHEeKTUBHO IPHU YCJIOBUM, YTO HE BayKHA IIPEICKA3yeMOCTb pPaCIpelesieHus,
KaK B CJly4ae HU3KONPUOPUTETHBIX (DOHOBHIX 3a7ad. OgHako O0JbIIas 9acTh CePBEPHBIX IPUJIO-
JKeHIi OpHEHTUPOBaHa Ha 00paboTKy GOJIBIIOrO KOJMYECTBa KPATKOCPOYHBIX 3a/ad, U UM HE0O-
XOIUM MeXaHu3M i 3¢ (PEKTHBHOIO BHIIIOJIHEHUS 33734 C HEOOJbINNMHI U3JEPKKAMHU, & TaKKe
Mepa YIpaBjeHUus PeCypCaMy W MPE/ICKAa3yeMOCTHI0 BPEMEHHU BBLIIIOJHEHU.

[Ty OTOKOB SIBJISIETCS MOITHBIM MEXaHU3MOM [JIS CTPYKTYPUPOBAHUS MHOTOIIOTOYHBIX IIPH-
JIO>KEHUH, OJHAKO MPUJIOXKEHHS, IIOCTPOEHHBIE C €r0 MOMOIIBI0, TOABEPXKEHBI OIMUOKaM CHHXPO-
HU3allMU W B3aMMOOJIOKMPOBOK, MMEIOT 3aBHCHMYIO OT IIyJIOB B3aUMOOJIOKMDOBKY, IPOOYKCOBKY
PECYPCOB U pacCesHue TTOTOKA.

Vcxons n3 BBIMIECKA3aHHOTO, TIPY PEAJIM3AlNNA apXUTEKTYPbl OPOKEpa PECYPCOB MOJACUCTEMA,
ITAaHUPOBINUKA ObLjIa BBIIEJIEHA B OTAEIbHBIN (DOHOBBINA MOTOK, KOTOPBIH BHINOIHAETCA B OeCKo-
HEYHOM IHKJE. JTO HO3BOJMJIO OTIEIUTh OCHOBHYIO paboTy Opokepa pecypcoB OT BCIIOMOTaTesIb-
HO#l pabOoTHI ITAHUPOBIIMKA 110 U3BJIEYEHUIO 3aJaHNUi U3 BXOJHOM odepenn inputQQueue u mocTa-
HOBKY uX B odepenu virtualQueue u waitQueue. B ocnosroM moroke rpuz-cepsuca CAEBeans
Broker npomssoguTca nepepacupeieieHne BUPTYaabHbIX PECYPCOB W PAbOTa CEPBUCA B COOTBET-
CBYIOITIEM KOHTEKCTE.

2.2. Co3ganmne MacmiTabupyemMbIX NPUJIOXKEHU# ¢ ucmojb30oBaHueM Jetty

Konreitnep WSRFLite Briitouaer B cebst B KauectBe Beb-cepBepa Jetty. Ilociennnit nmpemo-
CTaBJIFET CPEACTBA JIJIsl MaPaJIIeTbHOTO BBIMOTHEHNST HECKOJIbKUX 3aIIPOCOB K I'DH/I-CEPBHUCAM, YTO
IO3BOJIAET HApPSy C WCIOJH30BAHMEM TOTOYHON OOpabOTKYM B peasd3alluy I'DUJ-CEPBHCA yJIyd-
muTh 9pPEKTUBHOCTH PabOTHI I'PUJI-CEPBUCA M COKPATUTL BpeMsi 06pabOTKH 3alIpOCOB.

Beb-cepsep Jetty 6 mommepxkuBaer 60JIbIIOE KOJUIECTBO OJ[HOBPEMEHHBIX CoeuHeHuit. B Hem
HCHONB3YIOTCS He GJoKupyromue 6ubanoreku BBOLA/BBIBOJA $3BIKA IPOIDAMMHUPOBaHHUA Java
(java.nio) u onTUMU3NPOBAHHASI APXUTEKTYpa BbIxonHOro Oydepa. Kpome Toro, Beb-cepsep Jetty
paboTaeT ¢ JOJTOBPEMEHHBIMU COEIMHEHUAMU — (DYHKIMOHAIbHAS BO3MOKHOCTD, U3BECTHAS IO,
nassanuem Continuations [21]. s ucnosszoBanus Continuations, Beb-cepsep Jetty meobxonu-
MO HaCTPOWTbL Ha 00pabOTKy 3aIpoCoB ¢ mcrnosb3oBanueM KonHekTopa SelectChannelConnector,
KOTOPBII II03BOJISIET COXPAHATH COEIMHEHNS OTKPBITHIMU. DTO 1aeT BO3MOXKHOCTH HCIIOIb30BaTh
OJIH TIOTOK JIJist OOC/TYKWBAHUSI HECKOJILKUX 3aIIPOCOB.
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3aKJIr04YeHne

B nanHOIt cTaThbe PACCMOTPEHBI apXUTEKTyPa M acleKThl peanusanuu komnonenta CAEBeans
Broker. IIpuBeneno omucanue JIOTHIECKON CTPYKTYPHI, aDXUTEKTYPHI OUepeieil U aIropuTMa Ijia-
auposanusa CAEBeans Broker. IIpenmoxken nogxon K peajusanuy odepeseil 1 OpPraHU3alyy I10-
tokoB rpuza-cepsuca CAEBeans Broker, a takxke co3manuio MacmTabupyeMbIX NPUJIOKCHUN B
konTeiinepe WSRFLite.

B kauecTBe maJsibHeHNX HampaBieHuil paboThl MOXKHO BBIIEIUTDH CJAEAYIONIUE: IPOBEICHNE
BBLIYHUCJIUTEILHBIX 9KCIEPUMEHTOB [Jisi OIeHKY 3(DDEKTUBHOCTU aJITOPUTMa IIJIAHUPOBAHHS, OCHO-
BaHHOTO Ha OYepensax Opokepa pecypcos; peanusarus rpuj-cepsuca CAEBeans Broker ¢ ucmoss-
30BaHMeM (PYHKIMOHAILHON Bo3MoxkHOCcTH Continuations u npoBefeHre HCCIEJOBaHMAA MACIITa-
oupyemoctu npusoxenuss CAEBeans Broker.

Paboma swvinoanaemcsa npu dunarcosoti noddepoicke npozpammv. CKHUD-I'PUJT (dozosop €
2009-CI'-08) u @I < Hayunvie u nayuno-nedazozuneckue xKadpov. unnosayuonnot Poccuus> (Kom-
mpaxm NI12036).
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